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PREFACE 

The Texas Water Plan of 1968 tentatively allocated specific annual 
amounts of water to supplement freshwater inflOw to Texas' bays and estuaries. 
These amounts were reCDgnized at the time as no more than preliminary esti­
mates of inflow needs based upon historical inflows to each estuary. Further­
more, the optimal seasonal and spatial distribution of the inflows rould not 
be determined at the time because of insufficient kncMledge of the estuarine 
ecosystems. 

Established public policy stated in the Texas Water Code (Section 1.003 
as amended, Acts 1975) provides for the ronservation and developnent of the 
State's natural resources, including "the maintenance of a proper ecological 
environment of the bays and estuaries of Texas and the health of related 
living marine resources." Both Senate Concurrent Resolution 101 (63rd Legis­
lature, 1973) and Senate Resolution 267 (64th Legislature, 1975) declare that 
"a sufficient inflow of freshwater is necessary to protect and maintain the 
erological health of Texas estuaries and related living marine resources." 

In 1975, the 64th Texas Legislature enacted Senate Bill 137, a mandate 
for romprehensive studies of "the effects of freshwater inflow upon the bays 
and estuaries of Texas." Reports published as a part of the effort were to 
address the relationship of freshwater inflow to the health of living 
estuarine resources (e.g., fish, shrimp, etc.) and to present methods of pro­
viding and maintaining a suitable erological environment. The technical 
analyses were to characterize the relationships which have maintained the 
estuarine environments historically and which have provided for the production 
of living resources at observed historic levels. 

This repoct is one in a series of repocts on Texas bays and estuaries 
designed to fulfill the mandate of Senate Bill 137. . Six majoc estuades on 
the Texas roast ace part of the series, including (1) the Nueces estuary, (2) 
the Mission-Aransas estuary, (3) the Guadalupe estuary, (4) the Lavaca-Tres 
Palacios estuary, (5) the Tdnity-San Jacinto estuary, and (6) the Sabine­
Neches estuary. Reports in the S. B. 137 series ace designed to explain in a 
compcehensive, yet understandable manner, the results of these planning 
efforts. 
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CHAPTER I 

SUMMARY 

Concepts and Methods 

The prov1s10n of sufficient freshwater inflow to Texas bays and estuaries 
is a vital factor in maintaining estuarine productivity, as well as a contribu­
tor to the near-shore fisheries productivity of the Gulf of Mexico. This 
report analyzes the interrelationships between freshwater inflow and estuarine 
productivity for the Guadalupe estuary of Texas, and establishes the seasonal 
and IlDnthly freshwater inflow needs for a range of alternative management 
policies. 

Simplifying assumptions rust be made in order to estimate the freshwater 
inflow requirements necessary to maintain Texas estuarine ecosystems. A basic 
premise developed in this report is that freshwater inflow and estuarine 
productivity can be examined through analysis of certain "key indicators". The 
key physical and chemical indicators include freshwater inflows, circulation 
and salinity patterns, and nutrients. Biological indicators: of estuarine 
productivity include selected commercially important species; Indicator 
species are generally chosen on the basis of their wide distribution throughout 
each estuarine system, a sensitivity to change in the system, and an appro­
priate life cycle to facilitate association of the organism with :the estuarine 
factors, particularly seasonal freshwater inflow. i 

I 

Description of the Estuary and the Surrounding Area~ 

The Guadalupe estuary consists of San Antonio Bay, Espiritu Santo Bay, 
Mesquite Bay, and several smaller bays. Areas contributing inflow to the 
estuary include the entire Guadalupe and San Antonio River Basins plus parts of 
the Lavaca-Guadalupe and San Antonio-Nueces Coastal Basins. 

The major marsh areas of the Guadalupe estuary are associated with the 
Guadalupe River delta. Active delta plains are covered with salt, brackish, 
and freshwater marshes. The Traylor sub-delta is actively expanding into 
Mission Lake. - Most of the shorelines associated with the Guadalupe estuary are 
either in a state of equilibrium or accretion indicating that the sediment 
volume supplied to the Gulf and bay shorelines is sufficient to balance or 
exceed the amount of sediment rellDved by waves and longshore drift. 

Land use in the area is dominated by agricultural and ranching activities. 
Rice is the principal irrigated crop even though other crops may receive sup­
plemental irrigation water in dry years. Crops such as grain sorghum, corn and 
cotton are dryland crops produced in the area. 

The Guadalupe estuary system is a significant part of the commercial fish~ 
ing industry in Texas. Since 1962, the average annual commercial inshore catch 
(all species) in this estuarine system has exceeded 2.3 million pounds ( 1 
million kg),. ranking as the third IlDst productive resource base for the Texas 
commercial bay fisheries. Shellfish, particularly shrimp, consti~ute the major 
portion of the commercial landings, accounting for 90 percent of: the bay har-
vest weight. . . 
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The fishing resources of the estuary include many fish species preferred 
by sport fishermen. Studies I:¥ the Texas Parks and Wildlife Department indi­
cate that an estimated 380 thousand fish '(all species) totaling approximately 
420 thousand pounds (200 thousand kg) were harvested in the bays of' this 
estuary during the year 1975 through 1976. Species rorrposition of the sport 
harvest is dominated I:¥ seatrout (73 percent) and red drum (10 percent of the 
total number of fish harvested). 

A large portion of the estuary's production of fish and shellfish are 
caught offshore I:¥ sport and romnercial fishermen. When these harvests are 
considered, the estuary's rontribution to the Texas roastal fisheries is esti­
mated at 13.4 million pounds (6.1 million kg; 93 percent shellfish) annually 
for a recent five-year period (1972-1976). 

Hydrology 

Sources of freshwater inflow to the Guadalupe estuary include gaged inflow 
from the rontributing rivers and streams; ungaged runoff; return flows from 
municipal, industrial and agricultural sources; and, precipitation on the 
estuary. Measurement of freshwater inflow adds to the understanding of inflow 
timing and volume and its influence on bay productivity. To acquire accurate 
inflow measurements, gaged stream flows 'require adjustment to reflect any with­
drawals or return flows downstream from gage locations. Ungaged runoff is 
estimated by rorrputerized mathematical rrodels that were developed, calibrated, 
and verified using field data. Rainfall is estimated as a distanceweighted 
average of the daily precipitation recorded at weather stations surrounding the 
estuary. 

Freshwater inflows in terms of annual and monthly average values over the 
1941 through 1976 period varied widely from the rrean as a result of recurrent 
drought and flood ronditions. On the average, the total freshwater inflow 
(excluding direct precipitation) to the estuary (1941-1976) consisted of 2.27 
million acre-feet (2.8 billion m3 ) annually, of which an estimated 1.8 
million acre-feet (2.22 billion m3 ) was rontributed from gaged drainage 
areas. 

In general, the water quality of gaged inflows to the Guadalupe estuary 
has been good. No parameters were found in violation of existing Texas stream 
standards, although me "total lead" sanple from the San Antonio River was in 
violation of federal drinking water standards. Studies of past water quality 
in and around the estuary have pinpointed the occurrence of heavy metals in 
sediment sanples. Locally, bottom sediment sanples from the Guadalupe estuary 
have exceeded the U.S. Environmental Protection Agency criteria for metals in 
sediments (prior to dredging) for arsenic, cadmium, chromium, mercury and zinc. 
Bottom sediments rollected and analyzed during the period 1969 through 1975 for 
herbicides and pesticides showed DDD, DDE, DDT, dieldrin and silvex occurring 
in some local areas in roncentrations equal to or greater than the analytical 
detection limit. 

Circulation and Salinity 

The movements of water in the shallow estuaries and embayments along the 
Texas Gulf Coast are governed I:¥ a number of factors, including freshwater 
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inflONs, prevailing winds, and tidal currents. An adequate understanding of 
mixing and Iilysical exchange in these estuarine waters is fundamental to the 
assessment of the Iilysical, chemical, and biological processes governing these 
important aquatic systems. 

To fully evaluate the tidal hydrodynamic and salinity transport character­
istics of estuarine systems using field data, the Texas Department of Water 
Resources developed digital lIBthellBtical models representing the important 
mixing and Iilysical exchange processes of the estuaries. These models were 
designed to simulate the tidal circulation patterns and salinity distributions 
in shallON, irregular and non-stratified estuaries. Physical data collected in 
the estuary were utilized to oalibrate and verify the models for the Guadalupe 
system. 

To properly evaluate the transport of water and nutrients through a 
deltaic lIBrsh, it is necessary to describe and corrpute estillBtes of the corrplex 
tidal and freshwater inflow interactions. Therefore, a lIBthellBtical model was 
developed and applied to the Guadalupe delta to accurately simulate the passage 
of water and nutrients. 

The extent of lIBrsh inundation in the Guadalupe River delta was investi­
gated utilizing the verified inundation model for this system. The flooded 
surface area of the Guadalupe delta was determined for six typical flood hydro­
graphs under ION, high and average tidal arrplitudes. 

Statistical analyses were also undertaken to quantify the relationship 
between freshwater inflows from the Guadalupe and San Antonio Rivers and salin­
ities at selected points in San Antonio Bay. Utilizing gaged daily river flows 
and observed salinities" a set of monthly predictive salinity equations were 
derived utilizing regression analyses for an area of the estuary near the 
Guadalupe delta. These equations enable the prediction of the: mean monthly 
salinity as a function of the mean monthly freshwater inflow rate.' 

Nutrient Processes 

The lIBrshes of the Guadalupe River delta are subject to periodic inunda­
tion during periods of increased river flows. High rates of organic carbon and 
organic nitrogen export (both particulate and dissolved) occur during the 
initial stages of these flood periods. After this initia~ pulse of lIBterial is 
flushed out, the steady state exchange rates appear to be slightly greater than 
those observed in the Lavaca River delta lIBrshes. Pulses of increased fresh­
water discharge (i.e., flooding) and the resulting deltaic inundation appear to 
be irrportant mechanisms contributing to increased nutrient transport from those 
marshes to the estuary. 

Primary and Secondary Bay Production 

The conmunity composition, distribution, density, and seasonality of the 
phytoplankton, zooplankton, and benthic invertebrates of the Guadalupe estuary 
were employed as "indicators" of prillBry and secondary productivity. The 
estuarine conmunities are typical in that they are corrposed of fresh, marine, 
and a mixture of endemic species (i.e., species restricted to the estuarine 
zone) • 
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Six phytoplankton divisions represented by a minimum of 60 taxa were 
collected from the Guadalupe estuary. Statistical tests indicated that the 
standing crops were not significantly related to either salinity or river 
inflOil'. 

A total of 162 zooplankton taxa representing 12 phyla were identified. 
Species diversity and standing crops were reduced by heavy flooding. The 
recuperation period was short, hOil'ever, and these parameters increased rapidly 
when salinities returned to their seasonal norms. 

Fisheries 

Virtually all of the Gulf fisheries species are estuarine-dependent. 
Comnercial inshore harvests from bays of the Guadalupe estuary rank third in 
shellfish and sixth in finfish of eight major Texas estuarine areas. In addi­
tion, the sport or recreational finfish harvest is approximately equal to the 
C<l!II1l<?rcial finfish harvest in the estuary. For the 1972 through 1976 interval, 
the average annual sport and commercial harvest of fish and shellfish dependent 
upon the estuary is estimated at 13.4 million pounds (6.1 million kg). 

Although a large portion of each Texas estuary's fisheries production is 
harvested offshore in collective association with fisheries production from 
other regional estuarie!?, inshore bay harvests are useful as relative indi­
cators of the year-to--year variations in an estuary's fisheries production. 
These variations are affected by the seasonal quantities and sources of fresh­
water inflOil' to an estuary through ecological interactions involving salinity, 
nutrients, food (prey) production, and habitat availability. Therefore, the 
fisheries species can be viewed as integrators of their environment's condi­
tions and their harvests used as relative ecological indicators, insofar as 
they reflect the 'general productivity and "health" of an estuarine ecosystem. 

A statistical analysis of the 1962 through 1976 commercial bay fisheries 
landings was successful for 80 percent of the correlations attempted between 
the annual corrrnercial harvests and the seasonal freshwater inflOil's to the 
Guadalupe estuary. The analysis of harvest as a function of the seasonal 
inflOil's resulted in 16 statistically significant regression equations. These 
equational models provide numerical estimates of the effects of variable sea­
sonal inflOil's contributed from the major freshwater sources on the commercial 
harvests of seafood organisms from the estuary. The analysis also supports 
existing scientific information on the seasonal importance of freshwater inflow 
to the estuary. All harvest responses to spring (April-June) inflow are 
estimated to be positive for increased inflOil' in this season. In addition, 
harvest responses to late fall (November-December) inflow are all positive, 
except for the weakly negative response of the shellfish component.: The 
harvest responses to winter (January-March) and autumn (September-0ctober) 
inflOil's are split between shrimp and fish components, with shrimp relating 
positively and fish relating negatively to inflOil' in these seasons. Increased 
summer (July-August) inflOil' relates negatively to all fisheries components, 
except for black drum and brOil'n and pink shrimp which exhibit positive 
correlations to sumner inflOil'. 

Where the estimated seasonal inflOil' needs of the fisheries components are 
similar, the components reinforce each other; hOil'ever, where components are 
competitive by exhibiting opposite seasonal inflOil' needs, a management decision 
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rust be IlI3.de to balance the divergent needs or to give preference to the needs 
o~ a particular fisheries corrponent. A choice could be IlI3.de on the basis of 
which species' production is llDre ecologically dlaracteristic and/or econol1t­
ically . important to the estuary. Whatever the decision, a freshwater inflow 
management regime can only provide an opportunity for the estuary to be viable 
and productive because there are no guarantees .for estuarine productivity based 
on inflow alone, since IlI3.ny other biotic and abiotic factors are capable of 
influencing this production. 

Estimated Freshwater Inflow Needs 

A methodology is presented which combines the analyses of the corrponent 
physical, chemical and biological elements of the Guadalupe estuary into a 
sequence of steps which result in estimates of the freshwater inflow needed to 
achieve selected salinity, marsh inundation and fishery harvest objectives.; 

Monthly mean salinity bounds were specified for selected locations in the 
estuary near the inflow point of the Guadalupe River Basin. These upper and 
lower limits on llDnthly salinity were selected to provide a salinity range 
which will not exceed bounds for viable metabolic activity and also not exceed 
median llDnthly historical salinity conditions. 

Marsh inundation needs, for the flushing of nutrients from riverine 
marshes into the open bays, were computed and specified for the Guadalupe River 
delta. Based upon historical gaged streamflow records and IlI3.thematical analy­
ses using the Guadalupe delta inundation model, freshwater infloWs for IlI3.rsh 
inundation needed to maintain historical inundation IlI3.gnitude and frequency 
were estimated at 125.0 thousand acre-feet (154 million m3) in each of the 
months April, May, June, September, and October. This volume corresponds to a 
flood event with a peak flow rate of 12,500 ft3/sec (354 m3/sec). : 

Evaluation of Estuarine Alternatives 

Estimates of the freshwater inflow needs for the Guadalupe estuary were 
computed try representing the interactions anDng freshwater inflows, estuarine 
salinity and fisheries harvests within an Estuarine Linear Programming Model. 
The model computes the llDnthly freshwater inflows from the Guadalupe River 
Basin which best achieves a specified objective. 

The llDnthly freshwater inflow needs for the Guadalupe estuary were esti­
mated for each of three selected alternatives. 

Alternative I (Subsistence): minimization of annual combined inflow while 
meeting salinity viability limits and IlI3.rsh inundation needs; 

Alternative II (Maintenance of Fisheries Harvests): minimization of 
annual combined inflow while providing freshwater inflows sufficient 
to supply predicted annual estuarine comnercial bay harvests of red 
drum, seatrout, shrimp, and all shellfish at levels no less than their 
mean historical (1962-1976) values, satisfying marsh inundation needs, 
and meeting viability limits for salinity; and 
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Alternative It I (Shrimp Harvest Enhancement); I maximization of the total 
annual estuarine commercial harvest of shrimp while observing salinity 
limits, satisfying marsh inundation needs, and utilizing an annual 
combined inflCM no greater than the average historical (1941-1976) 
combined inflCM. In addition, it is required that the combined com­
mercial bay harvests of all shellfish be no less than the average 
historical (1962-1976) harvest. 

Under Alternative I (Subsistence), the' Guadalupe system--which has func­
tioned as both a commercial shellfish and finfish producing system in the 
past--can continue to be an important fisheries producing estuary with substan­
tially less freshwater inflCM, but with slightly reduced estimated harvests. 
Freshwater· inflCMs totalling 1.6 million acre-feet (1.97 billion rri3) annually 
(of which 21 percent is estimated from ungaged areas) are predicted to satisfy 
the basic salinity gradient and marsh inundation needs, but with a resulting 
decrease of 13 percent in combined commercial finfish and shellfish bay 
harvests, from average values for the period 1962 through 1976 (Figure 1-1). 

Under Alternative II (Maintenance of Fisheries Harvests), the predicted 
annual commercial bay harvests of red drum, spotted seatrout, shrimp, and all 
shellfish are each required to be at least as great as historical (1962.,.1976) 
average levels. Salinity limits and marsh inundation needs are also to I::e 
observed. To satisfy these criteria, it is estimated that an annual freshwater 
inflCM of 2.02 million acre-feet (2.49 billion rri3) (20 percent from ungaged 
areas) is needed (Figure 1-1). The predicted annual total finfish and shell­
fish commercial harvest in the estuary is 2.37 million pounds (1.08 million 
kg), or approximately 99 percent of the 1962 through 1976 average. 

Under Alternative III (Shrimp Harvest Enhancement), the Guadalupe estuary 
has an annual estimated freshwater need of 2.26 million acre-feet (2.8 billion 
m3 ) (19 percent from ungaged areas)-distributed in a seasonally unique 
manner--to achieve the objective of maximizing the total annual predicted com­
mercial harvest of shrimp, under the condition that the predicted combined 
shellfish harvest is at least as great as the 1962 through 1976 average (Figure 
1-1). The water supplied to the estuary equals the historical average combined 
inflCM (1941-1976). This inflCM regime is predicted to give a 34 percent 
increase in shrimp estuarine harvest, at an estimated loss of 54 percent in 
total commercial finfish harvest. The total predicted commercial bay fisheries 
harvest is five percent less than the historical 1962 through 1976 average. 

The lIDnthly distribution of the inflCMs for each of the Alternatives and 
the average historical lIDnthly inflCMs for the period 1941 through 1976 are 
given in Figure 1-2. 

Estuarine Circulation and Salinity Patterns 

To establish that the freshwater inflCM needs specified above provide 
desired salinity gradients throughout the estuary, the numerical tidal hydro­
dynamic and salinity mass transport JIDdels were applied to the Guadalupe 
estuary. Their application determines the effects of the estimated freshwater 
inflCM needs for Alternative I .1/ upon the average lIDnthly net flow 

V The alternative having the lCMest inflCM level and thus the alternative 
- that would impinge lIDSt heavilY upon salinity levels. 
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circulation and salinity characteristics of the estuarine system. The monthly 
simulations utilized typical tidal and meteorological conditions observed 
historically for each month simulated. 

The simulated salinities in the Guadalupe estuary for the estimated month­
ly freshwater inflow needs vary over a wide range. Salinities throughout the 
estuary are lowest in the month of .June, with average simulated salinities of 
less than 25 parts per thousand (ppt) over the entire estuary. The highest 
levels of simulated salinities occur during the month of August, when salin­
ities in Mesquite Bay near Cedar Bayou exceed 30 ppt. The simulated salinities 
for upper San Antonio Bay are generally less than 15 ppt throughout the year. 
The major portion of San Antonio Bay has simulated salinities of between 20 and 
25 Pptl however, during the high freshwater inflow months of May and June, the 
salinities in the bay are between 10 and 20 ppt. Since the middle portion of 
San Antonio Bay has simulated salini ties in all months below a target maximum 
allowable concentration of 25 ppt, the freshwater inflow needs established for 
Alternative I are adequate to sustain the desired salinity gradients specified 
throughout the estuary. 

The estimated monthly freshwater inflow needs derived in this report are 
the best statistical estimates of .the monthly inflows satisfying specified 
objectives for fisheries harvest levels, marsh inundation, and salinity 
regimes. These objectives cover a range of potential management policies. 

A high level of variability of freshwater inflow occurs annually in Texas 
estuaries. Fluctuations in inflows are expected to amtinue for· any average 
level of inflow into the estuary which may "be specified. .some provision 
should be made, however, in any estuarine management program to prevent an 
increase (over historical levels) in the frequency of low inflows detrimental"" 
to the resident aquatic organisms. 
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CHAPTER II 

COOCEPI'S AND METHODS FOR DEl'ERMINING 'lHE INFWENCE 
OF FRESHWATER INFLCWS UPOO ESTUARINE EXXGysrEMS 

Scope of Study 

Senate Bill 137 (64th Texas Legislature) mandates a rornprehensive study 
of environmental variables, especially freshwater inflow, which affect Texas 
estuarine ecosystems. This report presents the results of the studies of the 
Guadalupe estuary. In succeeding chapters, biotic and abiotic factors are 
conceptually related, enabling the use of numerical analysis for the 
identification of maintenance needs. Many estuarine maintenance needs are 
directly related to freshwater inflow and associated quality constituents. In 
some cases, these needs may be exceeded in importance by the basic 
availability of substrate and/or habitat in the ecosystem. 

Fundamental to these discussions is the concept of seasonal dynamics; 
that is, the environmental needs of an' estuarine ecosystem are not static 
annual needs. In fact, dynamic equilibrium about the productive range is both 
realistic and desirable for an estuarine environment. Extended periods of 
inflow conditions which consistently fall below maintenance levels can, 
however, lead to a degraded estuarine environment, loss of important "nursery" 
functions for estuarine-dependent fish and shellfish resources, and a 
reduction in the potential for assimilation of organic and nutritive wastes. 
During past droughts, Texas estuaries severely declined in their production of 
economically important fishery resources and began to take on characteristics 
of marine lagoons, including the presence of starfish and sea urchin popula­
tions (172). Chapter II and succeeding chapters will address a broad range of 
estuarine concepts; emphasis is placed primarily on those roncep~s germane to 
the discussion of freshwater inflow needs of the Guadalupe estuary. 

Estuarine Environment 

Introduction 

The bays and estuaries along the Texas Gulf Coast represent an important 
economic asset to the State. The results of cu=ent studies ca=ied out under 
the Senate Bill' 137 mandate will. provide decision makers with important 
information needed in order to establish plans and programs for each of the 
State's major estuarine systems. 

Physical and Chemical Characteristics 

TOpography and Setting. A Texas estuary may be defined as the ooastal region 
of the state from the tidally affected reaches of terrestial inflow sources to 
the Gulf of Mexico. Shallow bays, tidal marshes, bayous, creeks and other 
bodies of water behind ba=ier islands are included under this definition. 
Estuarine systems contain sub-systems (e.g., individual bays)~ lesser but 
recognizable units with characteristic chemical, physical ~d biological 

, 
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regimes. Primary, secondary, and tertiary bays, although interrelated, all 
require study for proper understanding and management of the complete system. 

The primary bay of an estuary is directly connected to the Gulf of 
Mexico. This area of 'the estuary is generally saline (seawater) to brackish, 
depending upon the proximity to areas of exchange between the bay and Gulf 
waters. Secondary bays empty into the primary bay of an estuary and are thus 
removed from direct flow exchange with the Gulf. In secondary bays, the 
salinities are usually lower than the primary bay. In terms of energy input 
to the estuarine systems, the most productive and dynamic of estuarine 
habitats are the tertiary bays. Tertiary bays are generally shallow, brackish 
to freshwater areas where sunlight can effectively penetrate the water column 
to support phytoplankton, benthic algae, and other sutmerged vegetation. 
Substantial chemical energy is produced in these areas through photosynthetic 
processes. These nutritive biostimulants are distributed throughout the 
estuarine system by inflow, tides, and circulation. 

Texas has about 373 miles (600 kilometers) of open-ocean or Gulf shore­
line and 1,419 miles (2,290 kilometers) of bay shoreline, along which are 
located seven major estuarine systems and three smaller estuaries (Figure 
2-1). Eleven major river basins, ten with headwaters originating within the 
boundaries of the state, have estuaries of major or secondary importance. 
These estuarine systems have a total open-water surface area of more than 1.5 
million acres (607,000 hectares) with more than 1.1 million acres (445,000 
hectares) of adjacent marshlands and tidal flats (363). Physical character­
istics of the Guadalupe estuary are described in Chapter III. 

Hydrology. A primary factor distinguishing an estuary from a strictly marine 
environment is the input of freshwater from various sources. Sources of 
freshwater inflow to Texas estuaries include: (1) gaged inflow (as measured 
at the most downstream flow gage of each river system), (2) ungaged runoff, 
and (3) direct precipitation on the estuary's surface. 

The measurement of each of these sources of freshwater inflow is neces­
sary to develop analytical relationships between freshwater inflow and result­
ing changes in the estuarine environment. Gaged inflow is the simplest of the 
three sources to quantify; however, gaged records do require adjustment to 
reflect any diversions or return flows downstream of gage locations. 

Computation of ungaged inflow requires utilization of a variety of analy­
tical techniques, including computerized mathematical watershed models, soil 
moisture data, and runoff coefficients developed from field surveys. Direct 
precipitation on an estuary is assumed to be a distance-weighted average of 
the daily precipitation recorded at weather stations in the coastal regions 
adjacent to each bay. 

The hydrology of the Guadalupe estuary is described in Chapter IV. 

Water Quality. 'lbe factors which affect the water quality of aquatic ec0-

systems and their importance to the various biological components include 
nutrients, such as nitrogen and phosphorus; the basic cellular building block, 
carbon; trace elements necessary for biological growth; the presence of suf­
ficient concentrations of dissolved oxygen for respiration of aerobic 
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organisms; and the occurrence of toxic dlemicals that nay inhibit growth and 
productivity (Figure 2-2). The presence of pollutants can have significant 
impacts upon estuarine water quality. Economic and business develorment 
activities nay result in dlanges to the {ilysical and dlemical quality of the 
runoff. Waste loads which enter the aquatic ecosystem can be of several 
types, including predominantly lll.micipal and industrial effluent and 
agricultural return flow. The presence of toxic dlemicals can have a 
detrimental inpact upon the quality of estuarine waters and the indigenous 
aquatic ecosystem. 

Water quality considerations are discussed in Chapter IV and Chapter VI. 

Biological Characteristics 

An estuarine ecosystem conprises a I!firiad of life forms, living inter­
dependently, yet all dependent on the "health" of the aquatic environment. 
Among the ~eneral groupings of life forms that occur in the estuary, the most 
prominent are bacteria, {ilytoplankton (algae), vascular plants (macrophytes), 
zooplankton, shellfish, and finfish. 

Salinity, temperature, and catastrophic events (e.g., hurricanes) are 
factors that largely control and influence species composition in these 
ecosystems. While the number of species generally renains low, numbers of 
organisms within a species fluctuate with the seasons and with hydrologic 
cycles (181, 65,179). The fluctuating ronditions provide for a rontinuing 
shift in dominant organisms, thereby preventing a specific species from nain­
taining a persistent dominance. 

Natural stresses encountered in an estuarine ecosystem are due, in part, 
to the fact that these areas represent a transition zone between freshwater 
and narine environments. Biological conrnunity conposition changes, with 
respect to the number of species and types of organisms, when salinity is 
altered (Figure 2-3). The number of species is lowest in the estuarine 
transition zone between freshwater and narine environments. The species 
conposition of a conrnunity may vary taxonomicallY from one geographic locality 
to another; however, most species have a wide distribution in Texas bays and 
estuaries. 

Biological aspects of the Guadalupe estuary are des.cribed in detail in 
Chapters VII and VIII. 

Food Chain. To evaluate the effects of freshwater inflow on an estuary, it is 
necessary to ronsider the significant interactions among dominant organisms 
for each of the estuary's trophic (production) levels. A complicated food web 
consisting of several food chains exists among the trophic levels of an 
estuarine ecosystem, with water the prinary medium of life support (38, 140, 
41, 96, 162, 208). The aquatic ecosystem can be ronceptualized as ronprising 
four najor ronponents, all interrelated through various life processes (Figure 
2-2) : 

1. Chemical parameters including basic substances essential to life such 
as carbon dioxide (CO2)' nitrate (NJ3), anrnonia (NH3), 
phosphate (P04), and dissolved oxygen (00); 
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2. Producers including autotrophic organisms such as vascular plants and 
algae that can transform basic substances into living cellular 
material through utilization of sunlight by photosynthesis; 

3. Consumers (herbivores, omnivores, and predators) including hetero­
trophic organisms such as zooplankton, shellfish, and fish species 
that utilize other biota as basic food material; and 

4. Decomposers including bacteria in toth liquid and solid (sediment) 
phases and fungi. 

The trophic relationships occurring in an estuarine system typical of those 
along the Texas Gulf Coast are large in number and romplex in scope (Figure 
2-4) • The river inflow provides a major source of nutrients and organic 
materials, both of which contribute to supporting the extensive populations of 
omnivore and filter feeding species which dominate the trophic levels of the 
system. Exact quantitative relationships among the estuarine organisms and 
the aquatic environment are extremely complex and many are still unknown. 

Life cycles. Many organisms of estuarine systems are not permanent residents, 
in that they spend only part of their life cycle in the estuary. Migration 
patterns ronstitute an integral part of the life history of many estuarine­
dependent species (186). These migrations occur in seasonal cycles and lTDst 
are involved with spawning (reproduction). Larval and post larval organisms 
may migrate into the estuary because of food and physiological requirements 
for lowered salinity (117, 390), and/or for protection against predators and 
parasites (122, 170). Juvenile forms use the shallow "nursery" areas during 
early growth (78), migrating back to the Gulf of Mexico in their adult or sub-­
adult life stage. 

For high ecosystem productivity to occur, the timing of freshwater in­
flow, inundation (irrigation) of marshes, and nutrient stimulation (fertiliza­
tion) of estuarine plants must coincide with the subtropical climatic regime 
of the Gulf region. Nature's seasons provide environmental cues, such as 
increases or decreases in salinity and temperature, that enable estuarine­
dependent species to reproduce and grow successfully in the coastal environ­
ments. These species have adapted their life cycles to the natural schedule 
of seasonal events in the ecosystem and also to reduce rompeti tion and 
predation. Coincidence of seasonal events, such as spring rains, inundation 
of marshes and increased nutrient CYcling is made lTDre complex by toth 
antecedent events and ambient conditions. For example, winter inundation and 
nutrient stimulation of marshes may not be as beneficial to the estuarine 
system as similar events in the spring because low winter temperatures do not 
support high biological activity. ConseqUently, the growth and survival of 
many economically important seafood species will be limited if antecedent 
events and ambient condi tions are unfavorable and far from the seasonal 
optimum. Further, the entire ecosystem can lose productivity through disrup­
tion of energy flaW and become altered by slight, but chronic stresses (403). 

Virtually all (97.5%) of the Gulf· fisheries species are ronsidered 
estuarine--dependent (79); however, the seasonal aspects of their life cycles 
are quite different. Some species, such as the redfish, spawn 'in the fall and 
the young are particularly dependent on migration to and utilization of the 
"nursery" habitats during this season. Others, such as the penaeid shrimp, 
spawn primarily in the spring and early summer, and their young lTDve inshore 
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to shallow, low salinity estuarine areas for, growth and development at this 
time. Not all estuarine-dependent species are migratory between the rrarine 
and estuarine environments; however, there are few true year-round residents 
(e.g., bay <!.:{sters) capable of rompleting their life' cYcle, totally within' the 
estuary (156). 1 

Habitat. The rrarsh wetlands adjacent to each Texas estuary are among the most 
important areas.of the estuarine ecosystems. They rray be characterized' as 
tracts of soft, wet land located adjacent to or near the bay margins and along 
the channels of inflowing drainages, such as a river mouth with its associated 
delta. Depending upon the specific,location, estuarine rrarsh rommunities rray 
be frequently inundated by tidal fluctuations or only occasionally inundated 
by the seasonal flooding of inflowing streams. Texas estuarine rrarshes are 
dominated by salt-tolerant vegetation, such as the rord grass Spartina, which 
produces significant quantities of organic rraterial (Le., detritus) that 
forms the base of the trophic structure (foodweb) and provides input to the 
productivity in higher trophic levels (fish, shrimp, oysters, etc.). Vascular 
plant production of several delta rrarshes along the Texas ,Gulf Coast has been 
measured at about 100 million pounds dry weight per year (or 45,500 metric 
tons/yr) each, with production exceeding 15,000 dry weight, lbs/acre/year (or 
1,680 g/m2/yr) in the, most' productive areas (50). Throughout the world, 
only tropical rain forests, coral reefs, and some algal beds 'produce more 
abundantly per unit of area (162, 295). ' , 

, 
Marsh production has been· shown to be a rrajor source of org~ic material 

supporting the estuarine food web. in roastal areas from New England and the 
South Atlantic, to the Gulf of Mexico (34, 96, 139). Because of high plant 
productivities an estuarine rrarsh can assimilate, if necessary, substantial 
volumes of nutrient-rich municipal and industrial wastes (3!!6, 387) and 
incorporate them into the yield of organic material which supports higher 
trophic level production, such as fisheries species. Such high; food density 
areas serve as "nursery" habitats for many economically important estuarine­
dependent species, and provide food and rover for a variety of w~ter fowl and 
marrrnals. Delta rrarshes rray serve other beneficial functions acting as a 
temporary floodwater storage area and/or aiding in erosion rontrol by absorb­
ing potentially destructive wave energy. 

Relationships between productivity and habitat are discussed in Chapters 
VI, VII, and VIII. 

Summary 

Texas has seven rrajor estuarine systems and several smaller estuaries 
that are located along approxirrately 373 miles (600 km) of roastline. These 
estuarine systems have a total open-water surface area of more than 1.5 
million acres (607,000 hal, with more than 1.1 million acres (445,000 hal of 
adjacent marshlands and tidal flats. The adjacent rrarshes and bayous provide 
"nursery" habitats for juvenile forms of rrarine species and produce, nutrients 
for the estuarine systems. 

The ecosystems which have developed within these estuaries are in large 
part dependent upon the amount, as well as the seasonal and spatial distri-

II-9 



bution of freshwater inflow and associated nutrients. Freshwater flows enter 
the bays from rivers and streams and from local rainfall ruooff. Freshwater 
dilutes the saline tidal water of the Gulf and transports nutritive and sedi­
mentary building blocks that maintain marsh environments and contribute to 
estuarine production of fish and shellfish. 

The health of estuarine aquatic organisms is largely dependent upon water 
quality. Pollutants and toxic materials induce fhysiological stresses that 
can inhibit reproduction and growth, and may have long-lasting effects on the 
estuary. 

An estuarine ecosystem is a complex interrelationship of abiotic and 
biotic constitutents. Basic inorganic elements and nutrients are assimilated 
by primary-producer organisms, such as algae. These organisms in tum are 
consumed by predators in higher trophic levels. Organic material is made 
available for reuse in the ecosystem by decomposers, such as bacteria and 
fungi. 

Many species inhabiting Texas estuaries are oot permanent residents. 
Juveniles enter the estuary in larval or postlarval forms and remain during 
early growth. Fish and shellfish species, in particular, may have migratory 
life cycles, with the adults spawning in the Gulf of Mexico. and juveniles 
migrating to the estuaries. 

Estuarine wetlands and river deltas are the most important habitat areas 
for juvenile forms of many aquatic species. These marsh systems contribute 
nutrients to the estuaries while providing nursery habitats for the estuarine­
dependent species. 

Evaluation of Individual Estuarine Systems 

Introduction 

In order to better understand the basic relationships among the numerous 
physical, chemical and biological factors governing Texas estuarine systems, 
and the importance of freshwater to these systems, the Texas Department of 
Water Resources has conducted studies on the effects of freshwater inflow on 
nutrient exchange, habitat maintenance, and production of living organisms. 
Technical methods developed and used in these studies are described in this 
report. These methods were developed to quantitatively express (1) the inun­
dation/dewatering process of river delta marshes, (2) the biogeochemical 
cycling and exchange of nutrients, (3) the estuarine salinity gradient, and 
(4) the production of fisheries. Mathematical models have been developed for 
high-speed computers using data collected from each estuarine system. These 
canputer techniques allow the analyst to rapidly simulate ( 1) the hydro­
dynamics of river deltas, (2) the tidal hydrodynamics of the bay systems, and 
(3) the transport of conservative constituents (salinity) within the estuar­
ies. These mathematical simulation techniques have quantified, insofar as 
possible at this time, the interrelationships among fhysical, chemical, and 
biological parameters that govern the productivity within these systems. 
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Mathematical Modeling 

The concept of mathematical modeling is fundamental to understanding the 
techniques utilized in this study for evaluation of freshwater inflow effects 
upon an estuary. In general, a mathematical model is a specific 'set of mathe­
matical statements approximating real-world relationships of a system or its 
component parts, be that system physical, economic or social. A mathematical 
model (representation of a prototype system) may undergo several stages of 
development and refinement before it is found to be a satisfactory descriptive 
and predictive tool of a particular system. A rigorous data acquisition' 
program must be undertaken to gather sufficient information to test and apply 
the model. A simplified flow diagram of the model development and application 
process is presented in Figure 2-5. ' , 

Model development begins with problem conception. The governing equa­
tions for each aspect of the problem are constructed to form a congruous 
system of equations that can be solved by the application of ordinary solution 
techniques. The governing equations are then coded into algorithmus, data 
input and 'output requirements are determined, and the necessary computer files 
are created. 

Several independent sets of input and output data, as prescribed by the 
formulation and construction steps, must be acquired and prepared in proper 
format. The data should be of sufficient spatial extent and temporal duration 
to insure coverage of all anticipated boundary conditions and variations. 

Calibration of the model consists of its application utilizing one or 
more of the input data sets, followed by comparison of the siinulated model 
responses with the corresponding observed real-world conditions. Adjustment 
of the input equation coefficients may be necessary until the 'simulated and 
observed responses agree within appropriate predetermined tolerarices. 

Once a model has been satisfactorily calibrated, an independent set of 
input values (not previously used in the calibration process) should be used 
to simulate a new set of response values. A comparison of the simulated 
responses with the observed data should yield close agreement. Close agree­
ment within predetermined tolerance levels indicates model "validation". ' It 
is then possible to simulate conditions for which comparative repsonse data 
are not currently available, with a high degree of confidence CNer the range 
of conditions for which the model has been calibrated and validated. However, 
a calibrated model that has not been validated in the manner described here 
may still give a reasonable simulation; but the degree of response confidence 
is less. The computer model, if properly applied and its output judiciously 
interpreted, can be a valuable analytical tool. 

The mathematical models used to evaluate the hydrology and salinity of 
the Guadalupe estuary are described in detail in Chapter V.' 

Key Indicators of Estuarine Conditions 

The large number of complex interactions of physical, chemical, and 
biological parameters make it difficult to completely define the inter­
relationships of an estuarine ecosystem. Major environmental factors and 
identifiable biological populations can be used, however, as "key indicators" 
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to understand and demonstrate the response of higher food main organisms, 
such as shellfish and finfish, to major manges in the ecosystem (202, 162). 
Physical and chemical constituents of prime importance to the estuarine eco­
system include freshwater inflows, circulation and salinity patterns, and 
nutrients. Chapters IV, V and VI quantify each of these factors to assess 
their relationship in estuarine productivity. 

Physical and Chemical Indicators. (1) Freshwater Inflow. 
of the most important environmental parameters influencing 
Freshwater inflows serve the following major functions: 

1. Salinity gradient control, 

Freshwater is one 
estuarine systems. 

2. Transport of sedimentary and nutritive building blocks, and 
3. Inundation of the deltaic marshes. 

Salinity gradients throughout an estuary are directly related to the 
quantity of freshwater inflow, freshwater decreases salinities near an inflow 
point, while salinities at points further away are influenced only gradually 
with time. Salinities in the estuaries are determined by balance among 
several factors, including freshwater inflow, tidal exchange and evaporation. 

Freshwater inflow also transports sediments and nutrients into the 
estuarine system. During flood stage, many square miles of marsh habitat are 
inundated and inorganic nutrients deposited in the marsh. These nutrients are 
converted to an organic state by primary production and bacteriological action 
and then drawn into the overylying water column. The subsidence of the flood-. 
waters and the subsequent dewatering of the marshes results in the movement of 
organic nutrients from the marsh into the nearby tertiary and secondary bays. 
Large volumes of freshwater inflow can also be detrimental, depressing bio­
logical production, and flushing even the primary bay of the estuarine system. 
Flood events may resuspend and transport sediments, increase turbidity, and 
cause a rapid decrease in the standing crop of ]:hytoplankton, zooplankton, 
benthos and nekton populations. The period of time necessary for recovery of 
the estuarine system after such an event is governed by variables such as 
season of the year, terrperature, food availability and subsequent freshwater 
inflows. 

(2) Critical Period. An understanding of the concept of "critical 
period" is necessary in order to understand the importance of freshwater in-. 
flow to Texas estuarine systems. There are basically two types' of critical 
periods that rust be considered-long term and seasonal. The first, or more 
general type, is that resulting from extended years of drought with extreme 
low freshwater inflow, creating stressful or lethal conditions in, the estuary. 
A second type of critical period occurs on a seasonal basis, whereby lowered 
freshwater inflow affects the growth and maturation of delta marsh habitats, 
the utilization of "nursery" areas by juvenile fish and shellfish (101,151), 
and the transport of sediment and nutritive substrate materials (especially 
detritus) to the estuary. 

Long-term critical periods of multi-year droughts affect entire estuarine 
systems, while short-term critical periods relate to habitat-specific or 
species-specific seasonal needs. Where seasonal needs conflict between 
estuarine-dependent species and limited freshwater is available for distribu-
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tion to an estuary, a management decision may need to be made to give pre­
ference to selected species. This decision could be made on the basis of 
historical dominance of the system I:!y one or llDre species, that is, whether 
the estuarine system has historically been a finfish or a shellfish producing 
area. 

The physical characteristics of each estuarine system are a reflection of 
long-term adaptations to differing salinity, nutrient, and sedimentary 
balances. Am::mg such distinctive characteristics are bay size, number and 
size of contributing marshes, extent of submerged seagrass communities, 
species diversity, and species dominance. The timing of freshwater inflows 
can be extremely important, since adequate inflow during critical periods can 
be of greater benefit to ecological maintenance than abundant inflow during 
noncritical periods. 

(3) Circulation. The llDvement of waters within an estuary largely 
determine the distribution of biotic and abiotic constituents in the system. 
To study the llDvement of estuarine waters under varying conditions, tidal 
hydrodynamic mathematical models have been developed and applied to individual 
Texas estuaries (150). Each model computes velocities and water surface 
elevations at node points of a computational grid superimposed on an estuary. 
Estuarine characteristics along any given vertical line (the water column) are 
assumed to be homogeneous. 

The tidal hydrodynamic model takes into account tottom friction, sub­
merged reefs, flow over low-lying barrier islands, freshwater inflow (runoff), 
any other inflows, ocean tides, wind, rainfall, and evaporation. The model 
may be used to study changes in erosion and sedimentation patterns produced I:!y 
shoreline development and to evaluate the dispersion characteristics of waste 
outfalls. The primary output from the tidal hydrodynamic model is a time­
history of water elevations and velocity patterns throughout the estuary. 
Output data are stored on magnetic tape for later use. 

The tidal hydrodynamics model is described in detail in Chapter V. 

(4) Salinity. A knowledge of the distribution of salinities CNer time 
at points throughout the estuary is vital to the understanding of environ­
mental conditions within the system. To better assess the variations in 
salinity, a salinity transport mathematical model has been developed (150) to 
simulate the salinity changes in response to dispersion, molecular diffusion 
and tidal hydrodynamics. This model is a corrpanion model to the hydrodynamic 
model described previously. 

The mass transport model is used to analyze the salinity distributions in 
shallow, non-stratified, irregular estuaries for various conditions of tidal 
amplitude and freshwater inflow. The model is dynamic and takes into account 
location, magnitude, and quality of freshwater inflows; changing tidal condi­
tions; evaportion and rainfall; and advective transport and dispersion within 
the estuary. The primary output of the model is the tidal-averaged salinity 
change in the estuary due to variations in the above mentioned independent 
variables. This model, in conjunction with the tidal hydrodynamic model, can 
also be used to assess the effects of development projects such as dredging 
and filling on circulation and salinity patterns in an estuary. 
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In this study, relationships between inflow and salinity were established 
using the statistical technique of regression analysis. Regression analysis 
is a rrethod of estimating the functional relationship arrong variables. The 
relative accuracy of such a predictive model, oorrrnonly rreasured in terms of 
the oorrelation ooefficient, is dependent upon the oorrelation of salinities 
to inflow volurres. The statistical relationship between salinity and inflow 
can generally be represented as an reciprocal funct;ion (Figure 2-6). This 
function also plots as a straight line on log-log graph paper. 

The statistical regression models differ from the salinity transport 
model in that the transport model analyzes the entire estuary to a resolution 
of one nautical mile square, while each statistical model represents the 
salinity at only a single point in the estuary. These models compliment each 
other, however, since a statistical model is oonsidered IIDre accurate near a 
river's lIDuth and the salinity transport model provides better predicted 
salinities at points in the open bay. 

The salinity transport model and the statistical regression models are 
described in Chapter V. 

(5) Nutrients. The productivity of an estuarine system depends upon the 
quantity of necessary nutrients such as carbon, nitrogen and phosphorus. 
Thus, the transportation and utilization of these nutrients in the system is 
of major importance. The IIDst significant- sources of nutrients for Gulf 
estuaries are the tidal marshes and river deltas (34, 139). A hypothetical 
cross-section of a typical salt water marsh is illustrated in Figure 2-7. 
Note the typical low channel banks which may be inundated I::Iy high tides and 
high river flows. Inorganic materials and organic detritus transported and 
depoSited" "in salt marshes I::Iy river floods are assimilated in the marshes 
through biological action and oonverted to organic tissue. This conversion is 
acconplished I::Iy the primary producers (phytoplankton and macrophytes) of the 
marsh ecosystem. The primary producers and organic materials produced in the 
marsh are then transported to the bay system I::Iy the inUndation and subsequent 
dewatering process. This process is oontrolled I::Iy the tidal and river flood 
stages. 

To properly evaluate the transport processes through a deltaic river 
marsh it is necessary to estimate the oomplex tidal and freshwater inflow 
interactions. A mathematical model (set of equations) based upon the appro­
priate physical laws was developed for determining flows and water depths in a 
river delta (45). This model applies in cases of roth low-flow and flood 
conditions. The effects of freshwater inflow upon the marsh inundation and 
dewatering processes are estimated through the application of this marsh inun­
dation model (see Chapter V). 

Biological Indicators. Terms like "biological indicators," "ecological indi­
cators," "environmental indicators," and others found in the scientific 
literature often refer to the use of selected ''key'' species. Usually such key 
species are chosen on the basis of their wide distribution throughout the 
system of interest (e.g., an estuary), a sensitivity to change in the system 
(or to a single variable, like freshwater inflow), and an appropriate life­
cycle to permit observation of changes in organism densities and productivity 
in association with observations of environmental change. 



+ 

I 
1 
I 
I 
I 
I 

tl 
"'I <II 

fl 
I 
I 
1 
1 
1 

1 
I _--L _______ _ 
I 
I 
I 
I 
1 

1 
1 

I 
1 
1 -1'>0--

OL-~ __________ ~~ __________________________________ __ 

a 
Freshwater Inflow (01 

Figure 2-6_ Typical Variation of Freshwater Inflow 
Versus Salinity in a Texas Estuary 

II-16 

+-----~. 



H 

7 
~ 

-.J 

~ 
SALICORNIA­

DISTICH LIS 
MARSH 

MUD/ALGAE 

~ 
MEDIUM SPARTINA 

LEVEE MARSH 

~ ~ 
SHORT SPARTINA ------­TALL SPARTINA JUNCUS 

MARSH MARSH EDGE MARSH 

PHYTOPLANKTON AND SUBMERGED VEGETATION 

LOW TIDE 

HIGH 
IIKI!IJk,!!'rruf ~ ~ - TI DE 

Figure 2-7. Zonation of a Salt Marsh in a Texas Estuary (235) 

PRODUCTION 
UNITS 

MARSH 
ZONATION 



Dr. Eugene OdlDTI has remarked that "eoologists ronstantly errploy such 
organisms as indicators in exploring new situations or evaluating large areas" 
( 162) • OdlDTI also notes that large species often serve as better indicators 
than small species because a larger and lIDre stable biomass or standing crop 
can be supported with a given energy flow. The turnover of small organisms 
may be so great that the particular species present at anyone !lDment may not 
be very useful as a biological indicator. 

In the 1975 American Fisheries Society Water Quality Statement, Dr. H. E. 
Johnson stated that "fisheries provide a useful indicator of the quality and 
productivity of natural waters. Continuous high yield of fish and shellfish 
is an indicator of environmental ronditions that are favorable for the entire 
biological ronrounity. In a number of recent environmental crises, fish and 
shellfish have served as either the link between pollution and hlDTIan problems 
or an early warning of an impending rontamination problem. ': 

If every estuarine floral and faunal species rould be lIDnitored and 
integrated into a research program, the maximlDTI data base would be achieved, 
however, there are always time and financial limitations that make this 
impossible. It is belieVed that the use of indicator or key species that 
emphasize the fishery species is reasonable and justified, especially when one 
considers the type of ecosystem and the availability of time and money which 
limit the number of environmental variables that may be investigated in depth. 
Use of several diverse species avoids problems most ronroonly aSsociated with a 
single chosen indicator', wherein data may be dependent upon the particular 
species' sensitivity. The "key" species approach is used in these studies of 
the Texas bays and estuaries. ' 

(1 ) A~atic Erosystem Model. Atterrpts to understand the romplex inter­
actions withm Texas estuarine ecosystems have lead to the developnent of a 
sophisticated estuarine eoologic lOOdel, ESTECO (235). The lOOdel was formu­
lated to provide a systematic means of predicting the response of estuarine 
biotic and abiotic ronstituents to environmental changes. Erological modeling 
techniques involve the use of mathematical relationships, based on scientific 
evidence, to predict changes in estuarine ronstituents. 

While the principal focus of the ESTECO lOOdel is to simulate those quan­
tities that are ronsidered to be the most sensitive indicators of the primary 
productivity of an estuarine envir'onment (i.e., salinity, dissolved oxygen, 
nutrients, and algae), the higher trophic levels are also taken into acrount. 
The trophic categories included in the model are phytoplankton, zooplankton, 
benthos, and fish. Since the life cycles of algae and the higher forms of 
biota that depend on them, as well as the life cycles of bacteria and other 
decomposers, are intimately related to water quality, a romplex set of physi­
cal, chemical and biological relationships have been included in the ESTECO 
model which link the various' abiotic ronstituents to several forms of 
estuarine biota. 

While the estuarine eoologic lOOdel provides a valuable ronceptual toel 
for understanding estuarine ecosystems, the validity of the current ver'sion of 
ESTECO in predicting long-term estuarine ronstituents has not yet been proven. 
As presently structured, the estuarine ecologic model is capable of producing 
useful results 'over short time periods, but lacks the refinement necessary to 
accurately represent the long-term phenomena which occur in the estuarine 
system. Also, the conprehensive data are not yet available to accurately 
calibrate the estuarine eoologic model for simulation periods in excess of one 
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year. Further refinement of the model is anticipated as these data become 
available. 

"' At present, the most serious deficiency of the estuarine ecological model 
is its inability to accurately describe and predict the standing biomass of 
commercially important fish and shellfish which spend all or portions of their 
life cycles in the estuary. Thus, for purposes of this study, statistical 
analysis techniques are used to predict the productivity of the higher trophic 
levels under various freshwater inflow conditions. The statistical models are 
described below. 

(2) Statistical Models. An investigation of the affects of freshwater 
inflow on an estuary necessitates the use of existing inforrration on the 
system's hydrology and biology. In most Gases, numerical analysis of this 
inforrration allows the demonstration of statistical relationships between 
freshwater inflow and dependent environmental variables such as fishery pr0-
duction. The use of linear regression analysis allows the development of a 
variety of descriptive and predictive relationships between seasonal fresh­
water inflOWS and commercial harvests of finfish and shellfish. The specific 
regression equations for estimating harvest of spotted seatrout, red drum, 
black drum, white shrimp, brown and pink shrimp, blue crab, and bay oysters as 
a function of seasonal freshwater inflow are romputed using data from each 
estuarine system (Chapter VIII). These regression equations can be used to 
compute estimates of the estuarine productivity, in terms of harvested 
fisheries biomass, as a function of freshwater inflows. However, there are 
variations in the historical harvest data which were not ,explained by 
variations in seasonal freshwater inflow. These variations may be due to 
other factors such as tQmnPrature,-predaEion and disease. I ---_~ 
~ -.~~-- , - . ~ 

6e described relationships are useful in defining the possible impacts 

6
nd interactions between freshwater inflClNs and the biomass production in) 

various trophic levels. Many of the romplicated relationships anong trophic 
levels within an aquatic ecosystem are not yet rompletely u~erstood and 
much needed data does not exist, so the mathematical representations required 
fu,,---describe such phenomena have not been adequately defined. Therefore,. 
regression techniques are being applied in these studies as a useful tooYin 
understandi~g these interactions. _______________ ------------

(3) Finfish Metabolic Stress Analysis. The health of organisms in an 
estuarine erosystem is dependent upon a number of factors. Wohlschlag (277, 
278, 279, 280) and Wakeman (394) have reported on the stress of salinity 
changes upon the metabolic activities of several Texas estuarine fish species. 
Wakeman (394) measured the maximum sustained swirrrning speeds of four estuarine 
fish species (i.e., spotted seatrout, sheepshead, and black and red drum) at 
28 degrees Celsius over a range of salinities (10-40 parts per thousand, ppt) 
norrrally encountered in the estuary. All of these species are of comnercial 
and recreational importance; therefore, results of these metabolic research 
studies are valuable in the planning and management of the Texas estuarine 
systems and their production of renewable fish resources. Salinity ranges and 
optima have also been determined for several other estuarine-dependent fish 
and shellfish species (including shrimp, crabs, and oysters), and are 
presented in Chapter IX. 
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Analyzing the Estuarine Complex 

Synthesis of C~ting Estuarine Responses. The development of environmental 
modeling techmques has increased the capability of the planners to make 
intelligent and oomprehensive evaluations of specified development alterna­
tives and their impact on aquatic ecosystems. Due to the tremendous romplex­
ity of aquatic eoosystems and their importance in water resources planning, 
sophisticated mathematical techniques are being rontinually developed and 
used for assessment of alternative projects and programs. 

Any desired objective for the biological resource of an estuary must 
include a value j'udgment ooncerning rompeting interests. Where seasonal 
salinity needs are rompetitive among estuarine--dependent species (e.g., one 
species prefers low salinities in the spring and another prefers high salin­
i ties in the same season) a management decision may be required to specify a 
preference to one or nnre species' needs. Such a decision rould be made m 
the basis of which organism has been nnre characteristic of the estuary of 
interest. Additionally, needs for freshwater in the contributing river basins 
must be balanced with the freshwater needs of the estuary. 

Techniques for the, synthesis of inflow alternatives are discussed in 
Chapter IX. 

Determination of Freshwater Inflow Needs. (1) Estuarine Inflow Model. In 
order to establish an estimate of the freshwater inflow needs for an estuary, 
mathematical techniques are applied to integrate the large number of relation­
ships and oontraints, such that all of the information can be used in ron­
sideration of rompeting factors. The relationships and ronstraints in this 
formulation ronsist of: 

1 ) statistical regression equations relating annual fisheries harvest 
to seasonal inflows, 

2) upper and lower bounds for the inflows used in the regression equa­
tions for harvest, 

3) statistical regression equations relating seasonal salinities to 
seasonal freshwater inflOWS, 

4) upper and lower bounds on the seasonal inflows used in romputing the 
salinity regression relationships, and 

5) environmental bounds on a monthly basis for the salinities required 
to maintain the viability of various aquatic organisms. 

Constraints (2) and (4) are required so that the inflows selected to meet 
a specified objective fall within the ranges for which the regression 
equations are valid. Thus, in this analysis errors are avoided by rot 
extrapolating beyond the range of the data used in developing the regression 
relationships. 

The oonstraints listed above are inoorpcrated into a special linear 
programming (LP) model, to determine the monthly freshwater inflows needed to 
meet specified marsh inundation, salinity, and fisheries objectives. The 
optimization procedure used 'to assess alternative objectives is formulated in 
a romputer code based upon the simplex algori thm (36) for the solution of 
linear programs. A linear program may be used to reach an optimum solution to 
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a problem where a desired linear objective is maximiz'ed (or minimized) subject 
to satisfying a set of linear constraints. 

The output from the LP IlKJdel provides rot only the seasonal freshwater 
inflows needed to maximize the desired objective function, which in this case 
is stated in terms of marsh inundation, salinity, and fisheries' harvest, but 
also the predicted harvest levels and salinities resulting from the IlKJdel's 
freshwater inflow regime. The harvests that are predicted under such a regime 
of freshwater inflows can be compared with the average historical harvests to 
estimate changes in productivity. 

Use of the estuarine inflow IlKJdel is described in Chapter IX. 

(2) Model Interactions. The estuarine linear prograrrming rrodel incor­
porates the salim ty , viabHi ty limits, and cornnercial fisheries harvest 
factors considered in determining interrelationships between freshwater 
inflows and estuarine key indicators, including the marsh and river delta 
inundation requirements. The schedule of flows for marsh inundation and for 
maintaining salinity and productivity levels are combined into one cx:mstraint 
in the rrodel by taking the largest of the minimum required values for the two 
purposes. Thus, if the flow in March required for inundation is greater than 
the flow needed for salinity gradient control and fisheries harvest (pro­
duction), then the March inflow need only be equal to the inundation require­
ment. A seasonal schedule of inflows needed by the estuary to meet the 
specified objectives is thus derived. 

A process for synthesis of estimated freshwater inflow needs for the 
Guadalupe estuary is discussed in Chapter IX. 

Techniques for Meeting Freshwater Inflow Needs. The freshwater inflow needed 
to maintain an estuary's ecology can be provided from toth unregulated and 
regulated sources. The natural inflows from uncontrolled drainage areas and 
direct precipitation will nost likely continue in the future at historical 
levels, since man's influence will be limited (except in those areas where 
major water diversions or storage projects will be located). Inflows from the 
major contributing river basins, however, will nost likely be subject to 
significant alteration due to man's activities. A compilation and evaluation 
of existing permits, claims and certified filings on record at the TImR indi­
cate that should diversions closely approach or equal rates and volumes 
presently authorized under existing permits and claims presentiy recognized 
and upheld by the Texas Water Cornnission, such diversions could equal or 
exceed the total annual runoff within several major river-systems during some 
years, particularly during drought periods. Total annual water use (diver­
sions) do not yet approach authorized diversion levels in nost river basins, 
as evidenced by both mandatory and voluntary comprehensive water use reporting 
information systems administered by the TImR. with completion of major new 
surface-water development and delivery systems, such as the major conveyance 
systems to convey water from the lower Trinity River to the Houston-Galveston 
area, however, freshwater inflows to some bay systems may be progressively 
reduced and/or points of re-entry ( in the form of return flows) may be 
significantly altered. 

( 1 ) Freshwater Inflow Management. The freshwater runoff from the regu­
lated watersheds of the upstream river basins may be managed in several ways 
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to insure the passage of necessary flows to the estuaries. 
granting of water rights for surface-water diversion and 
with the freshwater inflow needs of the estuary. 

These include the 
storage ronsistent 

Water Rights Allocation. Adjudication of surface-water rights in Texas 
is an extremely irrportant factor in addressing the issue of allocation, 
and ultimately, the possible appropriation of State water specifically 
for estuarine maintenance. 

In 1967, the Texas Legislature enacted the Water Rights Adjudication Act, 
Section 11.301 et seq. of the Texas Water Code. The declared p.!rpose of 
the Act was to require a recordation with the Texas Water Comnission of 
claims of water rights which were unrecorded, to limit the exercise of 
those claims to actual use, and provide for the adjudication.and adminis­
tration of water rights. Pursuant to the Act, all persons wishing to be 
recognized who were claiming water other than under permits or certified 
filings were required to file a claim with the Comnission !:¥ September 1, 
1969. Such a claim is to be recognized only if valid under existing law 
and only to the extent of the maximum actual application of water for 
beneficial use without waste during any calendar year from 1963 to 1967, 
inclusive. Riparian users were allowed to file an additional claim on or 
before July 1, 1971 to establish a right based on use from 1969 to 1970, 
inclusive. 

The adjudication process is highly ronplex and, in many river basins, 
extremely lengthy. The procedures were designed to assure each claimant, 
as well as each person affected !:¥ a final determination of adjudication, 
all of the due process and ronstitutional protection to which each is 
entitled. Statewide adjudication is currently approximately 69 percent 
complete. Although the adjudication program is being accelerated, 
several years will be required to romplete adjudication for the remaining 
basins. Final judgments have been rendered !:¥ the appropriate District 
Courts and certificates of adjudication have been issued in portions of 
the Rio Grande, Colorado, San Antonio and Guadalupe Basins. 

Recognition of the freshwater needs of the estuaries, allocation and pos­
sible direct appropriation of State water to meet these needs, and equit­
able adjudication of water rights and claims are intertwined-a fact 
which must be recognized by all involved in identifying coastal issues 
and resolving roastal problems. 

Operations of Upstream Reservoirs in Contributing Basins. The rontrol of 
surface-waters through impoundment and release from large storage reser­
voirs is a potential source of supplementary waters for the Texas 
estuaries. The Texas Water Plan specified the <'lelivery of up to a total 
of 2.5 million acre-feet (3.1 billion m3) of supplemental water annual­
~ to Galveston, Matagorda, San Antonio, Aransas, and Corpus Christi Bays 
through rontrolled releases from the roastal rorrponent of the proposed 
Texas Water System. Conceptually, the Texas Water System would ronserve 
and control water from basins of surplus, and transport them, together 
with water from other intrastate, interstate, and potential out-of-State 
sources, to areas of need throughout Texas. This volume of supplemental 
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water would probably not be required every year. During periods of 
extended drought it would be available to supplement reservoir spills, 
reservoir releases not diverted for use, properly treated and managed 
return flows, unregulated runoff of major rivers below reservoirs and 
runoff from adjacent coastal areas, and precipitation that falls directly 
on the bays and estuaries. 

Although the Texas Water Plan tentatively provides a specific amount of 
supplemental water for estuarine inflow on an annual basis, it was, and 
is still clearly recognized that the amount specified is not more than a 
preliminary estimate. Furthermore, the optimum seasonal and spatial 
distribution of these supplemental inflows could not be determined at 
that time because of insufficient knowledge of the estuarine ecosystems. 

Attention I1llst be given to the possibilities of providing storage capa­
city in existing and future reservoir projects specifically for alloca­
tion to estuarine inflows, with releases timed to provide the most bene­
fit to the estuary. Development of institutional arrangements whereby 
repayment criteria for such allocated storage are determined and as­
sociated costs repaid will be needed. Potential transbasin diversions to 
convey "surplus" freshwater from "water-rich" hydrologic systems to 
water-deficient estuaries will also have to be studied and costs will 
have to be computed. Additionally, structural measures and channel 
modifications which might enhance marsh inundation processes using less 
freshwater will have to be evaluated. These are all a part of planning to 
meet the future water needs bf Texas. 

(2) Elimination of Water Pollutants. The presence of tOxic pollutants 
in freshwater inflows can have a detrimental effect upon productivity of an 
estuarine ecosystem by suppressing biological activity. Historically, pol­
lutants have been discharged into rivers and streams and have contaminated the 
coastal estuaries. Imposition of wastewater discharge and streamflow water 
quality standards by State and Federal governmental agencies has had and will 
continue to have a significant impact upon pollutants entering estuarine 
waters. Presence of toxic pollutants in the Texas estuaries will continue for 
the foreseeable future in some areas as compounds deposited. in sediments 
become resuspended in the water column by dredging activities and when severe 
storms cause abnormally strong cu=ents. This report does riot include a 
comprehensive assessment of water pollution problems in the Guadalupe estuary, 
but other ongoing studies by the Department of Water Resources do address such 
problems. 

(3) Land Management. The uses of watershed areas are of particular 
importance to the contribution of nutrient materials from the land areas 
surrounding Texas estuaries. In coastal areas, significant contributions of 
nutrients are provided to the estuary by direct runoff. Removal of marsh 
grasses in coastal areas through overgrazing by livestock and through drainage 
improvement practices can result in substantial reductions in the volume of 
nutrients contributed to an estuary. This report does not consider land 
management techniques in detail, although land management is an alternative' 
technique in any coastal zone management plan. 

II-23 



Sumnary 

The prov1s1on of sufficient freshwater inflow to Texas bays and estuaries 
is a vital factor in maintaining estuarine productivity and a factor con­
tributing to the near-shore fisheries productivity of the Gulf of Mexico. The 
methodology for establishing freshwater inflow needs described in this report 
relies heavily on the use of mathematical and statistical models of the 
important natural factors governing the estuaries. Mathematical models relat­
ing estuarine flow circulation, salinity transport, and deltaic marsh inunda­
tion processes were developed based upon ~ysical relationships and field data 
collected from the system, and utilized to assess the effects of freshwater 
inflows. 

Simplifying assumptions must be made in order to estimate freshwater 
inflow requirements necessary to maintain Texas estuarine ecosystems. A basic 
premise developed in this report is that freshwater inflow and estuarine 
productivity can be examined through analysis of certain "key indicators." 
The key physical and chemical indicators include freshwater inflows, circula­
tion and salinity patterns, and nutrients. Biological indicators of estuarine 
productivity include selected commercially important estuarine-dependent 
species. Indicator species are generally chosen on the basis of their wide 
distribution throughout each estuarine system, a sensitivity to change in the 
system, and an appropriate life cycle to facilitate association of the 
organism with the estuarine factors, particularly seasonal freshwater inflow. 

An estuarine inflow model is used in these studies to estimate the month­
ly freshwater inflows necessary to meet three specified fisheries harvest 
(production) objectives subject to the maintenance of salinity viability 
limits for selected organisms. Where seasonal needs compete between 
estuarine-dependent species, a choice must be made to give preference to one 
or more species' needs. Additionally, society's economic, social, and other 
environmental needs for freshwater in the contributing river basins must be 
balanced with the freshwater needs of the estuary. 
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Table 3-1. Reservoirs of Contributing Basins, Guadalupe Estuary 

Reservoir Narre 

Guadalupe River Basin 

Canyon Reservoir 
Lake Dunlap 
Lake Md;lueeney 
H-4 Reservoir 
Coleto Creek ~ ,y 

san Antonio River Basin 

Qlrros Reservoir 
Medina Lake 
Victor Braunig Lake 
Calaveras La'<e 

Lavaca - Guadalupe Coastal 
Basin 

None 

Type of 
Use(s) !y 

F .C. ,H.E. 
H.E. 
H.E. ,R. 
H.E. 

W.S., R. 

F.C. 
Ir. 
H.E. 
H.E. 

San Antonio - Nueces Coastal 
Basin 

None 

----- Surface 
Year Dam 
Corrpleted 

1964 
1928 
1928 
1931 

1926 
1913 
1962 
1969 

Area b/ 
Acres-

8,240 
410 
396 
696 

3,100 

889 
5,575 
1,350 
3,450 

Pool .. : --Flood Control: 
:Pool Elevation: Storage c/ Storage 'l\:)tal Storage 

ft (!lSI) :thousam aC=ft:thousam ac-ft:thousan:l ac-ft 

909.0 
575.0 
528.7 
332.0 
98.0 

725.0 
1,064.2 

507.0 
385.0 

386.2 
3.5 
5.0 
6.5 

35.0 

12.6 
254.0 
26.5 
62.8 

740.9 

15.5 

1,129.3 
3.5 
5.0 
6.5~-

35.0 

15.5 
254.0 
26.5 
62.8 

a/ W.S. - water supply (May include rrunicipal, -manufacturing, irrigation, steam electric pcMer am/or minlI'l.! -uses) 
- R. - Recreation 

H.E. - Hydro-electric pcMer generation 
F. C. - Flood control 
Ir. - Irrigation only 

b/ At conservation pool elevation 
c/ Includes sediment storage 

. d/ Under conStruction 
31 Off channel reservoirs depending upon diversions from adjacent streams and/or reservoir releases for firm supply 



River is of a type which develops under a:mditions of high sediment inflow 
into a relatively quiescent body of water. 

Approximately ten miles (16 kin) downstream from the ronfluence of the San 
Antonio River and the Guadalupe River, a significant bay-head delta is form­
ing. "The Traylor sub-delta began actively prograding into Mission Lake 
following the artificial trenching between Guadalupe River and Mission Lake in 
1935" (42, p. 130). This fan delta has advanced into Mission Lake about 1,800 
feet (550 m) since it began forming. A significant portion of the Guadalupe 
River is diverted through this cut, thus furnishing abundant sediment for the 
formation of this relatively recent fan delta. 

Substantial marsh areas in the Guadalupe. estuary are associated with 
these deltas. Delta plains are rovered with saline, brackish, and freshwater 
marshes. In order for marshes to propagate there nust be a balance between 
sediment deposition and rorrpactional subsidence. If there is excessive 
vertical accretion, marsh vegetation is replaced by mainland grasses, shrubs, 
and trees. Where subsidence is more rapid than deposition, the plants drown 
and erosion by waves and currents deepen the marshes to form lakes or enlarge 
the bay area. Deposition has almost ceased on the lower two-thirds of the 
Guadalupe delta as evidenced by the numerous lakes and extensive erosion. 
Lakes and ponds are an integral part to the roastal marsh-swarrp rorrplex. 
water in these lakes and ponds varies from fresh to saline depending on 
climatological ronditions and geographic location. Inland lakes such as Green 
Lake are fresh, while lakes and ponds associated with the Guadalupe delta 
(Long. Lake) are temporarily brackish to saline. 

The mainland shore is dlaracterized by near vertical bluffs cut into 
Pleistocene fluvial and deltaic sand, silt, and nud (Figure 3-3). Erosion of 
these bluffs furnishes sediment to the adjacent lakes, marshes, and bays. The 
type of sediment deposited on the delta plain depends on whether the adjacent 
bluff is romposed of predominantly sand or nud. Pleistocene overbank and bay 
muds have a high shrink-swell ratio causing desiccation cracks to form. Aided 
by the desiccation cracks, breaking waves cut into the base of these slopes. 
The process effectively removes slope support and the cliff fails by slumping. 
Energy levels (erosional capacity) in the Guadalupe estuary are dominated by 
wind action since the range of astronomical tides is only about 0.5 foot 
(0. 15m) • Winds blCMing across the bay generate waves (or wind tides) and 
cause a dlange in water level at the shoreline. 

Shoreline and vegetation changes within the Guadalupe estuary and in 
other areas of the Texas Gulf Coast are the result of natural processes 
(266) • Shorelines are either in a state of erosion, accretion, or have been 
stablized either naturally or artificially. Erosion produces a net loss in 
land; accretion, a net gain in land; and equilibrium ronditions, no net dlange 
in land area. 

Most of the shorelines associated with the Guadalupe estuary are either 
in a state of equilibrium or accretion (Figure 3-4). This is an indication 
that the sediment volume being supplied to the Gulf shoreline and portions of 
the bay system shorelines is sufficient to balance the amount of sediment 
removed bY wave action and longshore drift (262). 

Processes that are responsible for the ronstruction of shorelines and 
that are presently modifying shorelines in the Guadalupe estuary include 
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astronomical and wind tides, longshore currents, normal wind and waves, hurr1-
canes, river flooding, and slLllTQ?ing along cliffed shorelines. Astronomical 
tides are low, ranging from aIxlut 0.5 foot (0.15 m) in the bays to a maximum 
of aIxlut 2 feet (0.6 m) along the Gulf shorelines. Wind is a major factor in 
influencing coastal processes; it oan either raise or lower water levels along 
the Gulf and/or mainland shore according to the direction it is blowing. Wind 
can also generate waves and longshore currents (178, 94, 298). 

The seasonal threat of wind and water damage associated with tropical 
cyclones entering the Gulf of Mexico exists each year from June through Octo­
ber. Wind damage from hurricanes and associated tornadoes aan be costly, but 
the most severe losses occur from the flooding brought by heavy rains and high 
storm tides along the coast. Gulf and mainland shorelines may be drastically 
altered during the approach, landfall, and inland passage of hurrioanes (94, 
194). Storm surge flooding and attendant breaking waves erode Gulf shorelines 
from a few tens to hundreds of feet. Surge heights may range up to 15 feet 
(4.5 m) in some areas (261). Washovers along the barrier islands and penin­
sulas are corrmon, and saltwater flooding may be extensive along the mainland 
shorelines. 

Flooding of rivers and small streams normally corresponds either with 
spring thunderstorms or with the sumner hurricane season. Rivers generally 
flood as a result of regional rainfall, but flooding along smaller streams may 
be activated by local thunderstorms (262). Some effects of flooding include: 
( 1) overbank flooding into marsh areas of the floodplain and onto delta 
plains; (2) building of bay-head and oceanic deltas; (3) flushing of bays and 
estuaries; and (4) reduction of salinities. 

Mineral and Energy Resources. Resources of the Texas coastal zone include oil 
and natural gas (Figure 3-5), which serve not only for fuel but also provide 
raw material for many petrochemical processes. In .addition, the coastal zone 
contains important sources of chemical raw materials such as sulfur, salt, and 
shell for lime. The great abundance of these chemical and petroleum raw 
materials and their occurrence in a zone with ocean access helps to make this 
area one of the major petrochemical and petroleum-refining centers of the 
world. 

The production of oil, natural gas, and natural gas liquids plays a 
prominent role in the total economy of the area surrounding the Guadalupe 
estuary. In addition to the direct value of these minerals, oil and gas 
production supports major industries within the area and elsewhere in the 
coastal zone by providing readily available fuels and raw materials. 

Notably absent in the Texas coastal zone are aggregates and bulk con­
struction materials (e.g., gravel and stone for crushing). At the same time, 
the demand for these materials is high in the heavily populated and 
industrialized areas of the coastal zone; therefore, a large portion of such 
materials must -be imported from inland sources. Shell from the oyster Cras­
sostrea, and smaller amounts from the clam Rangia is used as a partial sub­
stitute for aggregate. 

Dredged shell with physical properties suitable for use as aggregate and 
road base has chemical properties suitable for lime, cement, and other chem­
ical uses. If shell were not used, these resources would have to be trans­
ported approximately 150 miles (240 km) from the nearest Central Texas source. 
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Shell resources are finite, and at present rates of ronsumption they will be 
depleted in the near future. Substitute materials will then have to be 
imported, either from inland sources or by ocean barge from more distant 
locations. 

Groundwater Resources. Groundwater resources in the area of the Guadalupe 
estuary occur in a thick sedimentary sequence of interbedded gravel, sand, 
silt and clay. The stratigraphic units included in this sequence are the 
Jackson Group; the Catahoula, Oakville, and Goliad Formations of Tertiary Age; 
and the Willis, Lissie, and Beaumont Formations of Quaternary Age. These 
ancient sedimentary units are variable in romposition and thickness and were 
deposited by the same natural processes that are rr::M active in shaping the 
coastline. Thick layers of sand and gravel representing ancient river channel 
deposits grade laterally into silt and clay beds which were deposited by the 
overbank flooding of ancient rivers. Indi vidual beds of predominantly sand 
and clay interfinger with each other and generally are hydrologically ron­
nected laterally and vertically. Because of this interconnection, groundwater 
can move from one bed to another and from one formation to another. Thus, 
the entire sequence of sediment, with the exception of the Jackson Group, 
functions as a single aquifer, which is referred to as the Gulf Coast Aqui­
fer. 

Near the Guadalupe estuary, the fresh (up to 1,000 mg/l total dissolved 
solids) to slightly saline (1,000 to 3,000 mg/l total dissolved solids) 
portion of the aquifer extends to a maximum depth of about 1,800 feet (550 m). 
The most productive part of the aquifer is from 200 to 800 feet (61 to 244 m) 
thick (237). 

Excessive pumping of groundwater can cause land surface subsidence aOO 
saltwater encroachment, which are Ix>th irreversible. Locally, the shallow 
aquifer may rontain saltwater; whereas, the deeper aquifer sands may have 
freshwater. Excessive pumping of freshwater will allow saline waters to 
encroach into the freshwater zone, rontaminating wells and degrading the 
general groundwater quality. The principal effects of subsidence are activa­
tion of surface faults, loss of ground elevation in critical low-lying areas 
already prone to flooding, and alteration of natural slopes and drainage 
patterns. 

Natural Resources 

The Texas roastal zone is experiencing geological, hydrological, bio­
logical and land use changes as a result of man's activities and natural pre­
cesses. What was once a relatively undeveloped expanse of beach along deltaic 
headlands, peninsulas, and barrier islands is presently undergoing ronsider­
able development. Competition for space exists for such activities as 
recreation, seasonal and permanent housing, industrial and rornmercial develop­
ment, and mineral and other natural resource production (266). 

The Guadalupe estuary lies in the Coastal Prairie land resource area 
(326), a nearly level, slightly dissected plain with poorly-developed drain­
age. The native vegetation ronsists of coarse grasses with a narrow fringe of 
trees along the streams. Much of the area is rr::M rovered by inproved pasture 
grasses. Marshes are ronfined to narrow strips along the coast characterized 
by sedge and salt-tolerant roarse grasses (330). Soils are dark, neutral to 
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slightly acid, clay loams and clays, changing gradually with depth to light, 
calcareous clay. 

Land use in the area is dominated by agricultural and ranching activities 
(Figure 3-6) (328, 231). Rice is the principal irrigated crop even though 
other crops may receive supplemental irrigation water in dry years. Results 
of studies on irrigation return flow quantities (331) show that 30 to 40 per­
cent of the water applied for rice irrigation returns as surface flow to the 
drainage system. Crops such as grain sorghLnn, corn and cotton are dryland 
crops produced in I the area. Forested areas, primarily oak, are prevalent. 

The Aransas National Wildlife Refuge, managed by the U.S. Fish and Wild­
life Service, is the only non-PFivately amed recreational site in the im­
mediate vicinity of the Guadalupe estuary (Figure 3-7) (330). Archeological 
sites within the area indicate aborginal utilization of the region from the 
Paleo-Indian through the Neo-American periods (322). 

The Guadalupe estuary system is a significant resource base of the c0m­

mercial fishing industry in Texas. Since 1962, the average annual commercial 
catch (all species) in this estuarine system has exceeded 2.4 million pounds 
(1.1 million kg), ranking as the third IlDst productive resource base for com­
mercial fisheries of the Texas Gulf Coast. Shellfish, particularly shrimp, 
comprise the major portion of the conrnercial bay landings, accounting for 
approximately 90 percent of the total harvest weight. The remaining portion 
of the annual corrmercial bay catch is distributed anong the finfish species, 
with black drLnn, red d=, seatrout and flounder being the major comnercial 
species. 

Natural resources of the bays and adjoining inland areas provide a wide 
variety of recreational opportunities for the people of Texas, as well as 
visitors from other states. Water-oriented recreational activities such as 
fishing, boating, skiing and swirrming are amply available to the recrea­
tionists, with approximately 96,000 surface acres (39,000 hal of bay waters 
available for recreational use. The fishing resources of the Guadalupe 
estuary include many fish species preferred by sport fishermen. ' Sports creel 
studies conducted by the Texas Parks and Wildlife Department (252) indicate 
that an estimated 380,700 fish (all species) totaling approximately 416,000 
pounds (188,700 kg) were harvested from this estuary during the year 1975 
through 1976. Species comp::lsition of the sport harvest was dominated by 
seatrout (73 percent) and red d= (10 percent) of the total nt.nnber of fish 
harvested. ,Other preferred species include black drLnn, flounder, sheepshead, 
croaker, sand trout, and gaff topsail. 

Inland areas and marshes contiguous to the Guadalupe estuary provide 
terrestrial and aquatic habitat for many species of wildlife including the 
endangered American alligator, the whooping crane, Atlantic Ridley turtle, 
brown pelican, and leatherback turtle. Wildlife resources of the area enhance 
the recreational opportunities, including sightseeing, nature studies and 
esthetic benefits accruing to naturalists and environmentalists alike. In 
addition, approximately 19,800 acres (8,019 hal of marshland are available to 
outdoor sportsmen for hunting opportunities. These marsh areas support large 
populations of migratory game birds, such as geese and ducks. 
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Data Collection Program 

The Texas Department of Water Resources realized during its planning 
activities that, with the exception of data from the earlier Galveston Bay 
Study, very little data were !,!vailable on the estuaries of Texas. Several 
limited research programs were underway; however, these were largely indepen­
dent of one another. The, data oollected under anyone program were rot rom-­
prehensive, and since sampling and measurement of environmental and ecological 
parameters under different programs were rot accomplished simultaneously, the 
resulting data oould not be reliably oorrelated. In some estuaries, virtually 
no data had been oollected. 

A program was therefore initiated by the Department, in 'oooperation with 
other agencies, to oollect the data oonsidered essential for analyses of the 
physical and water quality characteristics and ecosystems of Texas' bays and 
estuaries. To begin this prOgram, the Department oonsulted with the U. S. 
Geological Survey and initiated a reoonnaissance-level investigation program 
in September 1967. Specifically, the initial objectives of the program were 
to define: (1) the occurrence, source and distribution of nutrients; (2) the 
current patterns, directions, and rates of water movement; (3) the physical, 
organic, and inorganic water quality characteristics; and (4) the occurrence, 
quantity, and dispersion patterns of water (fresh and Gulf) entering the 
estuarine system. To avoid duplication of work and to promote ooordination, 
discussions were held with local, State, and Federal agencies interested in 
Texas estuarine systems and their management. Principally, through this 
cooperative program with the U.S. Geological Survey, the Department has oon­
tinued the oollection of data in all estuarine systems of the Texas Coast 
(Figures 3-8 and 3-9, Table 3-2). 

Calibration of the estuarine models (discussed in Chapter V) required a 
considerable amount of data. Data requirements. included information on the 
quantity of flow through the tidal passes during some specified period of rea­
sonably oonstant hydrologic, meteorologic, and tidal oonditions. In addition, 
a time history of. tidal amplitudes and salinities at various locations 
throughout the bay was necessary. Comprehensive field data oollection was 
undertaken on the Guadalupe estuary during November 16-20, 1970 and August 
6-9, 1973. Tidal amplitudes were measured simultaneously at numerous loca­
tions throughout the estuary (Figure 3-9). Tidal flow measurements were made 
at several different bay cross-sections (A,B,C,D,E, and H of Figure 3-9). In 
addition, oonductivity data were oollected at many of the sampling stations 
shown in Figure 3-8. Studies of past and present freshwater inflows to Texas' 
estuaries have used all available sources of information on the physical, 
chemical and biological characteristics of these estuarine systems in an 
effort to define the relationship between freshwater and nutrient inflows and 
estuarine environments. 

Economic Characteristics 

Socioeconomic Assessment of Adjacent Counties 

The econ9Jllic significance of the natural and man-made resources assoc­
iated with the Guadalupe estuary is reflected in the direct and indirect link­
ages of bay-supported resources to the economies of Aransas, Calhoun, Refugio, 
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Table 3-2. U. S. Geological SUJ:Vey (USGS) or Corps of Engineers (COE) Gages, 
Guadalupe Estuary 

Station 
NLDnber 

22A 

26 

27 

1649.75 

1649.85 

1649.95 

1651.00 

1651.55 

1887.60 

1887.70 

1887.75 

1887.80 

1887.90 

1888.00 

1888.10 

: 

--------Period 
Station Description of 

Record 

Tide Gages 

Saluria Bayou, Old Coast Guard 1964-69 
Station 

San Antonio Bay, Victoria 1966-
Channel Marker 1128 

San Antonio Bay, Hoppers 1969-
Landing 

Intracoastal Waterway at Port 1970-71 
O'Connor 

Pass Cavallo nr. Port O'Connor 1971-

Espiritu Santo Bay nr. Port 1966-
O'Connor 

San Antonio Bay (S. Pass) nr. 1971-76 
Seadrift 

San Antonio Bay nr. Seadrift 1966-

Guadalupe Delta at Goff Bayou 1974-76 
nr. Long Mott 

Green Lake nr. Long Matt 1975-

Aligator Slide Lake nr. Long 1975-
Matt 

Mission Lake at Mamie Bayou 1975-76 
nr. Long Mott 

Schwing's Bayou nr. Tivoli 1975-

Guadalupe River nr. Tivoli 1965-

Guadalupe River at Hwy. 35 1975-
nr. Tivoli 
-------------------_. 
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Operating 
Entity 

COE 

COE 

COE 

USGS 

USGS 

USGS 

USGS 

USGS 

USGS 

USGS 

USGS 

USGS 

USGS 

USGS 

USGS 

Type of 
Record 

Continuous 
. Recording . 

Continuous 
Recording 

Continuous 
Recording 

Continuous 
Recording 

Continuous 
Recording 

Continuous 
Recording 

Continuous 
Recording 

Continuous 
Recording 

Continuous 
Recording 

Continuous 
Recording 

Continuous 
Recording 

Continuous 
Recording 

Continuous 
Recording 

Continuous 
Recording 

Continuous 
Recording 

-------------
(continued) 



Table 3-2. U. S. Geological Survey (USGS) or Corps of Engineers (COE) Gages, 
Guadalupe Estuary (cont'd.) 

Period : 
Station Station Description of : Operating Type of 
Number Record : Entity Record . : . 
1888.20 Guadalupe River nr. Traylor 1974- USGS Continuous 

Cut nr. Tivoli Recording 

1888.25 Traylor Cut nr. Tivoli 1974- USGS Continuous 
Recording 

1888.30 Lucas Lake nr. Seadrift 1975- USGS Continuous 
Recording 

1888.35 Townsend Bayou nr. Austwell 1975- USGS . Continuous 
Recording 

1888.40 Guadalupe Del ta at Townsend 1974- USGS Continuous 
Bayou nr. Austwell Recording 

1888.50 San Antonio Bay nr. Austwell 1969- USGS Continuous 
,Recording 

1888.67 San Antonio Bay (Mus. Lake) 1971-76 USGS Continuous 
nr. Austwell Recording 

1888.75 Mesquite Bay (CEO SA) nr. 1971- USGS Continuous 
Fulton Recording 

Stream Gages 

1765.00 Guadalupe River at Victoria 1934- USGS Continuous 
Recording 

1770.00 Coleto Creek nr. Schroeder 1930-19~3 . USGS Continuous 
& Recording 

1952-
, 

1885.00 San Antonio River at Goliad 1924-1929 USGS Continuous 
& Recording 

1939-
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and Victoria Counties. Trends in population, employment, earnings by industry 
sector, and personal income levels are presented here for the four oounties. 

Population. The population of the four oounty study area experienced an 
annual growth of 1.1 percent between 1970 and 1975, 1000er than the statewide 
figure of 1.7 percent for the same period. -Only Aransas County had annual 
growth (3.49 percent) higher than the statewide average, while Calhoun and 
Refugio Counties roth had slight annual declines in population (-0.03 and 
-0.84 percent, respectively). Victoria County's population grew in this 
period (1.5 percent annually) but at a rate 1000er·than the statewide average. 
In 1975, the population of the four-oounty area was 95,200 with Victoria 
County acoounting for 61 percent of the projected total. 

Population forecasts for the period 1975 to 2030 project an increase in 
the population of the study area of 1.5 percent per annum up to the year 2030. 
Victoria County is projectd to remain the IIOst populated, accounting for 64 
percent of the study area population in the year 2030. Aransas County, hOW'­
ever, has the highest projected grOW'th rate, growing by 2.6 percent per annum 
fran 1970 (9.9- percent of the study area population) to 2030 (19 percent of 
the study area population). Details of population estimates for the four­
county area are presented in Table 3-3. 

Income. Regional personal real inoome is projected to grow at approximately 
the same annual rate (4.6 percent) as statewide personal real income during 
the period 1970-2030 (Table 3-4). Regional personal income is projected to 
quadruple in the pericd 1970 to 2000, and to be 15 times the 1970allOunt (in 
constant dollars) by the year 2030. 

Employment. In 1970, an estimated 31,507 persons were employed in the study 
area, with over half of these (60 percent) working in Victoria County. Al­
though Aransas County had the 1000est study area employment in 1970 (9 percent 
of the regional total), it was projected to grow steadily to 2030 at a rate of 
3.0 percent higher than the statewide average (1.9 percent). Refugio Cqunty, 
hOW'ever, was projected to have a steady decline in employment, falling to 3.5 
percent of the reg ional total by 2030 (Table 3-5). 

The four oounty area employment is projected to increase by 1.6 percent 
annually fran 1970 to 2030, bringing total employment to 79,747. During this 
pericd, hOW'ever, the region's share of total state employment should fall from 
0.76 percent to 0.63 percent. 

I 

AlllOst eighty percent of the region's employed laror force is distributed 
allOng eight major industrial sectors (Table 3-6). More workers are involved 
in wholesale and retail trade than any other sector. 

Industry. The "basic" industries in the area, are manufacturing, agri­
culture-forestry-fisheries, and mining. These sectors account for CNer 25 
percent of all employment in the study area. In addition to the basic sectors 
are the service sectors: wholesale and retail trade, professional services, 
civilian government, and amusement and recreation. These employ 42 percent of 
the region's workers. The service sectors provide gocds and services to the 
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Table 3-3. Population Estimates and PTojections, Area Su~unding Guadalupe Estuary, 1970-2030 (234). 

1970-2000 1971l--2030 
County 1970 1975 1980 1990 2000 2010 2020 2030 Annual % Annual % 

Cha!!le Change 

Aransas 8,902 10,500 12,400 16,200 20,600 26,000 33,000 42,200 2.8 2.6 
Annual % Olange 3.4 3.4 2.7 2.4 2.4 2.4 2.5 

calhoun 17,831 17,800 18,100 18,800 19,800 21,600 24,700 29,900 .35 .87 
Annual % Olange .03 .33 .38 .52. .87 1.4 1.9 

Refugio 9,494 9,100 8,900 8,300 7,900 7,600 7,500 7,500 -.61 -.39 
Annual % O1ange .84 -.44 -.70 -.49 -.39 -.13 0.0 

Victoria 53,766 57,800 63,200 74,400 86,400 100,000 117,700 140,200 1.6 1.6 
Annual % Olange 1.5 1.8 1.6 1.5 1.5 1.6 1.8 

Area Total 89,993 95,200 102,600 117,700 134,700 155,200 182,900 219,800 1.4 1.5 
Annual % Olange 1.1 1.5 1.4 1.4 1.4 1.7 1.9 

H 
H 

State Total 11,198,655 12,193,200 13,393,100 15,593,700 18,270,700 21,540,600 25,548,400 30,464,900 1.6 1.7 H 
I Annual % O1ange 1.7 1.9 

'" 
1.5 1.6 1.7 1.7 1.8 

'" 



Table 3-4. Total Personal Inoorre Estimates and Pvojections, Area Surrounding Guadalupe Estuary, 1970-2030 (233) 

------
1970-2000 1970-2030 

County 1970 1975 1980 1990 2000 2010 2020 2030 Annual % Annual % 

(1boosa~s of 1967 Do~larSf- -------- Chanqe_ Change 

Aransas 26,874 37,730 56,704 97,651 162,510 265,247 434,968 718,399 6.2 5.6 
Annual % Change 7.0 8.5 5.6 5.2 5.0 5.1 5.1 

calhoun 53,384 66,154 85,297 115,972 158,786 222,604 327,210 508,468 3.7 - 3.8 
Annual % Change 4:4 5.2 3.1 3.2 3.4 3.9 4.5 

Refugio 24,761 28,143 35,494 44,839 57,306 73,181 95,772 126,893 2.8 2.8 
Annual % Change 2.6 4.8 2.4 2.5 2.5 2.7 2.9 

Victoria 145,510 199,576 278,555 434,998 665,377 1,003,164 1,537,283 2,382,589 5.2 4.8 
Annual % Change 6.5 6.9 4.6 4.3 4.2 4.4 4.5 

Area Total 250,529 331,603 456,050 693,460 1,043,979 1,564,196 2,395,233 3,736,349 4.9 4.6 
Annual % Change 5.8 6.6 4.3 4.2 4.1 4.4 4.5 

H 
H 
H 
I State Total 35,846,152 44;951,363 62,557,602 95,505,267 145,751,088 221,114,166 337,452,588 517,720,460 4.8 4.6 

IV 
W Annual % Change 4.6 6.8 4.3 4.3 4.3 4.3 4.4 



Table 3-5. Employment Estimates and Projections, Area Surrounding Guadalupe Estuary, 1970-2030 (228) 

1970-2000 1970-2030 
County 1970 1980 1990 2000 2010 2020 2030 Annual % Annual % 

Change Change 

Aransas 2,845 4,123 5,456 7,689 10,507 14,372 19,690 3.4 3.3 
Annual % Olange 3.8 2.8 3.5 3.2 3.2 3.2 

Calhoon 5,835 6,736 8,067 9,695 11,521 13,660 16,186 1.7 1.7 
Annual % Change 1.4 1.8 1.9 1.7 1.7 1.7 

Refugio 3,471 3,694 3,421 3,333 3,187 3,010 2,828 -.14 -.34 
Annual % Olange .62 -.76 -.26 -.45 -.57 -.62 

Victoria 19,356 23,417 26,039 29,381 32,787 36,658 41,043 1.4 1.3 
Am:lual % Olange 1.9 1 .1 1.2 1.1 1.1 1.1 

Area Total 31,507 37,970 42,984 50,098 58,002 67,700 79,747 1.6 1.~ 
Annual % Olange 1.9 1.2 1.5 1.5 1.6 1.7 

H 
H State Total 4,141,529 5,464,942 6,359,709 .7,626,875 8,996,254 10,674,866 12,735,365 2.1 1.9 H 
I Annual % Change 2.8 1.5 1.8 1.7 1.7 1.8 

N .... 



Table 3-6. Employment by Industrial Sector, Area Surrounding Guadalupe Estuary, 1970 (228) 

. 1970 . 
Percent 
of Total 

Employment 
. : : of Study 

Sector calhoun : Aransas Refugio Victoria Total Area 

Wholesale and Retail Trade 1,020 721 815 4,466 7,022 22.2 

Manufacturing 1,589 295 198 3,196 5,278 16.8 

Professional Services 877 305 490 3,251 4,923 15.6 

Construction 758 273 257 1,567 2,855 9.1 

AgricUlture, Fbrestry, and 
H Fisheries 521 217 369 863 1,970 6.3 
H 
H 
I Mining 80 129 441 980 1,630 5.2 IV 

U1 

Civilian Government 198 132 124 604 1,058 3.4 

Amusement and Recreation 31 35 7 169 242 .8 

All Other 761 738 770 4,260 ~529 20.7 
-

Total 5,835 2,845 3,471 19,356 31,507 100.0 



basic industries as well as the general p.!blic and are, in varying degrees, 
dependent upon them. 

The most important basic sector, in terms of total earnings, is manufac­
turing (Table 3-7). Most of the manufacturing activity is concentrated in the 
production of primary metals (mainly aluminum), chemicals, and allied 
products. 

The mineral wealth of the area is also an important factor in its 
econany. Crude oil production in 1977 exceeded 39 million barrels, or ap­
proximately four percent of the state total (259). Ninety percent of regional 
crude oil production is from Refugio County. Natural gas production (gas well 
and casinghead gas) in 1977 was over 210 billion cubic feet, or almost 3 per­
cent of the state total. These mineral products supply raw materials for the 
manufacturing, petroleum refining, and petrochemical industries. 

The four county area had over $29 million in crop production in 1977. 
Major regional crops were cotton, corn, and grain sorghum, with rice being 
produced primarily in Calhoun County. Livestock and livestock product re­
ceipts in 1977 were over $19 million, for a regional agricultural output of 
over $49 million in that year. Over 60 percent of the regional livestock 
production was from Victoria County (224). In addition, the bay-supported 
commercial fishing industry provides fish and shellfish seafoods to local and 
regional markets. 

Total earnings for the region (Table 3-8) are expected to increase at a 
rate approximately equal to that for the State in the n=xt fifty years, with 
Aransas County forecasted to grow the fastest and Calhoun County the slowest. 

SUI1IIIary. The four county area possesses natural and man-made resources. 
Examination of projected trends in population, employment, industrial composi­
tion and earnings, and personal income provides a clearer insight into the 
future course of the area's economy. Just as the current strength of the 
econany can be attributed to the diversity of the area's industrial structure, 
the future health of the regional economy will depend on the extent to which 
such diverse industrial activities as manufacturing, agriculture, tourism, 
fishing, and oil and gas mining are able to co--exist in the bay environment. 

The economic outlook for the study area is somewhat uncertain due to the 
limited growth potential of the agricultural, oil and gas, and commercial 
fisheries industries which currently play such an important role in the 
econany. In view of this situation, water-oriented outdoor recreational 
potential may hold the key to economic progress for the area and may provide 
the vehicle for boosting income levels and job ~rtunities above the State 
nonn. 

Economic Importance of Sport and Commercial Fishing 

Introduction. Concurrent with the biological and hydrological .studies of the 
Guadalupe estuary system, analyses have been performed to compute estimates of 
the quanti ties of sport and conmercial fishing and the economic inpacts of 
these fisheries upon the local and state economies. The sport fishing esti­
mates are based upon data obtained through surveys of a sample of fishing 
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Table 3-7. Earnings l::¥ Industrial Sector, Area Surrounding Guadalupe Estuary, 1970 (227) 

: 1970 . Percent . . of 'lbtal . 
: Earnings 

Area in Study 
Sector calhoun Aransas RefU9io Victoria 'lbtal Area 

(Thousands of 1967 Dollars) 

Wholesale and Retail Trade 7,957 3,761 3,002 21,357 36,077 18.5 

Manufacturing 26,162 2,250 1,053 25,215 54,680 28.0 

Professional Services 4,398 933 1,058 9,994 16,383 8.4 

Construction 5,999 1,431 951 7,602 15,983 8.2 

H Agriculture, Forestry, and 
H Fisheries 5,884 1,898 2,279 5,976 16,037 8.2 H 
I 

'" .... Mining 815 1,015 2,451 6,119 10,400 5.3 

Civilian Government 4,126 2,078 1,378 7,716 15,298 7.8 

Amusement and Recreation 140 118 17 469 744 .38 

All Other 5,520 2,953 2,316 18,633 29,422 15.1 --
County 'lbtals 61,001 16,437 14,505 103,081 195,024 100.0 



Table 3-8. TOtal Earnings Estimates and Projections, Area Surrounding Guadalupe Estuary, 1970-2030 (227) 

1970-2000 1970-2030 
County 1970 1975 1980 1990 2000 2010 2020 2030 Mnual % Mnual % 

Change Change 
(Thousands of 1967 Dollars) 

Aransas 16,437 19,863 30,666 55,854 98,695 171,233 302,628 534,660 6.2 6.0 
Annual % Change 3.9 9.1 6.2 5.9 5.7 5.9 5.9 

Calhoun 61,001 73,658 91,250 114,728 145,698 189,419 261,517 378,421 2.9 3.1 
Annual % Change 3.8 4.4 2.3 2.4 2.7 3.3 3.8 

Refugio 14,505 14,517 18,843 25,269 34,418 46,894 66,387 94,438 2.9 3.2 
Annual % Change .02 5.4 3.0 3.1 3.1 3.5 3.6 

Victoria 103;081 143,340 200,041 312,845 480,674 727,820 1,134,509 1,773,213 5.3 4.9 
Annual % Change 6.8 6.9 4.6 4.4 4.2 4.5 4.6 

Area 'Ibtal 195,024 251,378 340,800 508,696 759,485 1,135,366 1,765,041 2,780,732 4.6 4.5 
Annual % Change 5.2 6.3 4.1 4.1 4.1 4.5 4.7 

H 
H 
H 
I State Total 28,497,186 34,484,956 47,585,986 71,697,242 108,467,269 163,384,822 251,140,204 385,307,112 4.6 4.4 

IV Annual % Change 3.9 6.7 4.2 4.2 4.2 4.4 4.4 
CD 

/ 



parties and upon the analytic methods presented below. The commercial fishing 
estimates were based on data from publishedl statistical series. about the 
industry. ! 

I 

Sport Fishing Data Base. In cooperation with the Texas Parks and Wildlife 
Department, three types of sample surveys were conducted for the PJrpose of 
obtaining the data necessary for these studies of sport fishing in the 
Guadalupe estuary. The surveys included: (1) personal interviews; (2) roving 
counts; and (3) motor vehicle license plate counts (252). Personal interviews 
of a sample of sport fishing parties on a randomly selected sample of weekend 
days were conducted at Jl'ajor access points to the Guadalupe estuary for the 
purpose of obtaining sample data pertaining to fish catch, cost of fishing 
trip, and personal opinion information. Concurrent with the personal inter­
view sample survey, counts of sport fishermen and boat trailers were Jl'ade at a 
statistically randomized sample of boat ramps and wade-bank areas to estimate 
the number of sport fishing parties in the bay area. Data for the personal 
interview sample and fishermen counts conducted during the period September 1, 
1976 through August 31, 1977 were used in this analysis. A motor vehicle 
license plate sample survey was conducted during the summer of 1977 to obtain 
additional information on sport fishing visitation patterns by county of 
origin. 

Sport Fishing Visitation Estimation Procedures. Estimates of total sport 
fishing parties were Jl'ade using data obtained from the personal interview 
sample survey and the fishermen and boat trailer counts from the roving count 
sample survey. The fishing party was selected as the measurement unit because 
expenditures were Jl'ade for parties as opposed to individuals. Sample data 
from the personal interview survey were analyzed to determine the average 
number of fishermen per party, the average number of hours fished per party, 
and the proportion of boat fishermen actually fishing in the study area. Each 
of these average computations was stratified according to calendar quarter and 
fishing strata (boats or wade-bank). 

The roving count sample survey consisted of boat trailer counts at each 
of the designated boat ramps and the number of individuals obserVed fishing at 
each of the designated wade-bank areas wi thin the study area (estuary system). 
An adjustment of the boat trailer count was Jl'ade to correct for those boats 
which were rot fishing in the estuary system. Sample data from the boat party 
personal interview survey were used to estimate the proportion of boat parties 
that were fishing in the study area. 

The estiJl'ated number of fishing parties at Guadalupe estuary for the 
study period is stated as follows: 

T=Z+W 
where: 

T = EstiJl'ated total annual fishing parties, 
Z = Estimated number of boat fishing parties, and 
W = Estimated number of wade-bank fishing parties. 

Each of the components of the total fishing party estimating equation is 
defined and explained below. 
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4 
Z = l: 

k=1 
Zkl (k = 1, 2, 3, and 4) and pertains to the calendar quarters 

of the year beginning with September 1, 1976. 

where: 

Z = Estimated number of boat parties fishing in the Guadalupe estuary 
for the period September 1, 1976 through August 31, 1977. 

zk = Estimated number of boat parties fishing in the Guadalupe 
estuary during the kth calendar quarter of the study period. 

4 
W = E WkI (k = 1, '2, 3, and 4) as explained above. 

k=1 

where: 

W = Estimated number of wade-bank parties fishing in the Guadalupe 
estuary for the period September 1, 1976 through August 31, 1977. 

wk = Estimated number of wade-bank parties fishing in the Guadalupe 
estuary during the kth calendar quarter of the study period. 

The equation and definitions presented above give the. results of the 
sample estimates of the types of fishing in the estuary. The typical 
quarterly sample analysis and individual oornputing methods are stated and 
defined below for the general case, for weekends. Since roving oount and 
interview data were not oollected on weekdays in this study period, weekday 
analyses were based on the weekday/weekend visitation distribution 'as observed 
in the rrotor vehicle license plate survey. The results for weekdays and 
weekend days were summed to obtain estimates for the entire quarter. 

For boat fishing: 

X· . 1J 
r m 
L: L: Nik 

i=1 j=1 

where: 

Zk = Estimated number of boat fishing parties on weekdays in 
quarter k, 

Bk = Estimated proportion of trailers for which there were boat 
parties fishing in the study area in quarter k, on weekdays, 

Hk = Number of hours subject to being surveyed per weekday in 
quarter k (14 hours per day in fall, 12 hours per day in winter, 14 
'hours per day in spring, and 15 hours per day in summer), 

r = Sample boat sites within the study area (10 boat sites for the 
Guadalupe estuary), 

Dk = Weekdays in quarter k (m = 64 in fall, spring, and winter, 
m = 67 in summer), 

Xij= Number of trailers counted per hour on weekdays at site i on 
day j, in quarter k, 
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Nik= Number of times site i was surveyed on Weekdays during quarter 
k, and 

irk = Average number of hours fished per boat party on weekdays in 
quarter k. 

No data were collected for wade-bank fishing in this study period; there­
fore, the estimate of wade-bank parties was based on the relation of wade-bank 
to !::oat fishing as observed in a 1975 study of San Antonio Bay (252). 

These typical terms for each fishing type were summed as described above 
to obtain the total annual sport fishing visitation estimate ·in parties. The 
number of persons per party, cost per party per trip and county of origin of 
each party were also computed. 

Sport Fishing Visitation Estimates. Results from the visitation estimation 
equations indicate that more than 50 thousand fishing parties visited the 
Guadalupe estuary during the period September 1, 1976 through August 31, 1977 
(Table 3-9). Seasonal visitation as a percentage of annual visitation ranged 
fram a high of more than 42 percent for the summer quarter to a low of ap­
proximately 15 percent during the winter quarter. The distribution of fishing 
parties by strata indicates that boat fishing accounted for about 93 percent 
of annual visitation followed by wade-bank fishing with approximately seven 
percent (Table 3-9). 

Sport Fishing Visitation Patterns. Although the personal interview informa­
tion included the county of residence of the interviewee, the number of inter­
views (423 in all) was too small to estimate a general visitation pattern to 
the estuary system. Thus, an intensive sample survey was undertaken in the 
summer of 1977 to observe, in conjunction with the roving ,count, the motor 
vehicle license plate numbers of fishing parties. From the license plate 
numbers, the vehicle's registration county, presumably the fishing party's 
county of residence, could be determined. In this way, the effective sample 
size was increased. 

The results of the survey show that over 60 percent of fishermen at 
Guadalupe estuary came from the following six counties - Victoria (30.8 
percent of the summer· 1977 visitation), Harris (10.8 percent), Calhoun (7.0 
percent), Lavaca (5.9 percent), Dewitt (4.3 percent), and Bexar (3.8 percent). 
A more general visitation pattern distinction of "local" and "nonlocal" was 
also made. "Local," for the purposes of this study, includes counties within 
approximately 60 miles of the estuary area. For the Guadalupe estuary, these 
counties are Aransas, Calhoun, Goliad, Jackson, Refugio, and Victoria. "Non­
local" comprises all other Texas counties and out-of-state visitors. 

Since it is expected that the proportions of local and nOnlocal bay sport 
fishermen vary fram season to season, an attempt was made to estimate this 
pattern for seasons other than the summer period. The only information avail­
able ·on visitation patterns for all seasons was the sample of personal inter­
view data which, in addition to the small number of observations, was felt to 
be biased toward local parties. Thus, the summer license survey visitation 
pattern was compared to the summer interview pattern, for the purpose of 
computing an adjustment factor. This was applied to the remaining quarters of 
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Table 3-9. Estimated Seasonal Sport Fishing Visitation to Guadalupe 
Estuary, 1976-1977 31 

Season bl Boat 

Fall 11.0 
(2.66) 

winter 6.9 
(2.43) 

Spring 8.7 
(2.53) 

Surrnner 20.1 
(2.72) 

Total All 46.7 
Seasons (2.63) 

wade-Bank 

thousands of parties 

1.3 
-sf 

.5 

.4 

1.3 

3.5 

Total - All Strata 

12.2 

7.4 

9.2 

21.4 

50.2 

31 The figures in parentheses indicate the average number of fishermen 
per party for the respective fishing type and quarter. 

!?! Fall = September, October, and November, 
Winter = December, January, and February, 
Spring = March, April, and May, 
Surrnner = June, July, and August. 

~ Wade-bank fishermen/party data not available. 
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interview data to rerove the bias t.cMard local data and provide a rore 
accurate reflection of year-round visitation patterns (Table 3-10). 

Sport Fishing Direct Expenditures. During the interview, a question was asked 
of the party head for total expected oost of the trip for the entire group, 
including food, lodging, and gasoline. The personal interview survey sanple 
of fishing party expenditure data was grouped I::1y origin (local or ronlocal). 
The average oost per party for the various fishing types and origins (Table 
3-11) was applied to the adjusted visitation distribution estimates (Table 
3-10) and visitation estimation I::1y type (Table 3-9) to obtain an estimate of 
total sport fishing expenditures (Table 3-12). Nearly 43 percent of estimated 
$2.1 million expenditures were made during the summer and 15 percent were made 
during the winter quarter (Table 3-12). 

Sport Fishing Economic Irrpact Analysis. Sport fishing expenditures exert an 
effect upon the economies of the local regions where fishing occurs and upon 
the entire State because of transportation expenses, sport fishing equipment 
sales, and service sector supply and demand linkages directly and indirectly 
associated with fishing expenses. The direct, or initial, business effects 
are the actual expenditures for goods and services purchased I::1y sport fishing 
parties. For this analysis, the expenditures for transportation, food, 
lodging, equipment, and other materials and services purchased were classified 
by economic sector. Specifically, the expenditures that vary with size of 
party, duration of trip, and distance traveled, i.e., variable expenditures, 
were classified into: recreation (including marinas, boat rental fees, and 
boat fuel); fisheries (bait); eating and drinking establishments; lodging 
services; and travel (gasoline and auto service stations). Equipment 
expenditures for boat insurance, boats, rotors, trailers, and fishing tackle 
are rot available. Thus, this analysis is an understatement of the total 
business associated with sport fishing in the Guadalupe estuary. 

Indirect inpacts are the dollar values of goods and services that are 
used to supply the sectors which have made direct sales to fishing parties. 
Each directly affected sector has supplying sectors from which it purchased 
materials and services. The total aJOC>unt of successive rounds of purchases is 
known as the indirect effect. The total business effects of sales of 
equipment, supplies, and services to fishing parties upon the regional and 
state econorriies include the direct and indirect inoomes resulting from the 
direct fishing business. Each economic sector pays wages, salaries and other 
forms of income to enployees, owners and stockholders who in turn spend a 
portion of these incomes on goods and services. In this study, the Texas 
Input-()Utput model (236) and regional input-output tables (240) were used to 
calculate the irrpact throughout the economy. 

The expenditure data oollected I::1y personal interviews of a sarrple of 
fishing parties at the Guadalupe estuary (Table 3-12) indicated only the mag­
nitude of variable expenditures I::1y sport fishermen. To estimate the sectoral 
distribution of all expenditures, the interview data were supplemented with 
data from estimated retail sales in 1975 by marine .sport fishing related 

y Input-output relationships were estimated for Calhoun, Victoria, Jackson, 
Refugio, and Wharton Counties. 
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Table 3-10. Estimated Seasonal Sport Fishing Visitation Patterns at Guadalupe 
Estuary, 1976-1977 

Visitation Fall Winter Spring Surrmer 'lbtal-Annual 

thousands of parties 

IDeal 6.1 2.8 3.0 8.3 20.2 

Nonlocal 6.2 4.7 6.1 13.0 30.0 

'lbtal Visitation 12.3 7.5 9.1 21.3 50.2 

Table 3-11. Estimated Average Cost per Sport Fishing Party by Type and 
Origin, Guadalupe EstuarY, 1976-1977 

Average Cost 
per Party 

IDeal 

Nonlocal 

: 

Boat 

24.41 

53.99 

: 

Wade-Bank 

1976 dollars 

12.31 

51.62 

Y No data oollected in this time period. 
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Table 3-12. Estimated Sport Fishing Expenditures by Season and Fishing Party 
TYPe, Guadalupe Estuary, 1976-1977 

Season !y: Boat Wade-Bank Pier b/ : Total : Percent 
: 

thousands of 1976 dollars 

Fall 431.2 41.6 

Winter 299.8 14.7 

Spring 390.3 10.6 

Summer 861.2 33.7 

Total 1982.5 100.6 

!y Fall = September, October and November 
Winter = December, January and February 
Spring = March, April and May 
Summer = June, July and August 

b/ No data collected in this time period. 
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472.8 22.7 

314.6 15.1 

400.9 19.2 

894.8 43.0 

2083.0 100.00 



industries in the West Gulf of Mexiro region (Mississippi delta to Mexican 
border) (385). To acrount for different origins and types of fishing parties, 
variable expenditures were analyzed for each of the four types of fishing 
parties: local boat parties; local wade-bank parties; nonlocal wade-bank 
parties; and nonlocal boat parties. Variable expenditures, except for travel, 
were classified as having been rrade within the local region, 'since that is the 
site at which the service is produced. For the travel sector, it was assumed 
that one-half of the expenditures occurred within the local area and one-half 
occurred elsewhere in the state en route to the study area. 

The results of the survey show that variable sport fishing expenditures 
in the loca.l area of the Guadalupe estuary were over $1.93 million. In addi­
tion, there were an estimated $146 thousand spent outside the region within 
Texas (Table 3-13). Most of the expenditure impact, over 92 percent, accrued 
to the region. However, when the total irrpacts are oalculated, the regional 
gross impact of over $3.4 million acrounted for less than half (49 percent) of 
the gross dollar value statewide (Table 3-14). This spreading of irrpact 
results from business and industry market linkages among regional establish­
ments and suppliers throughout the State. 

A significant portion (over 36 percent) of the direct expenditures by 
sport fishermen in the region results in increased personal inromes for 
regional households directly affected by the sport fishing industry. From 
these data it is estimated that regional households received an increased 
annual inrome of over $1.1 million from the sport fishing business in the area 
(Table 3-14). Statewide, the inrome irrpact amounted to over $1.9 million, 
annually. 

The input--output analysis estimated a total of 125 full time job equi­
valents directly related to sport fishing in the Guadalupe estuary region in 
1976 through 1977. Statewide, an additional 13 full time job equivalents were 
estirrated to be directly related to the expenditures for sport fishing. The 
total errployment impact to the state economy was 232 full time job equivalents 
(Table 3-14). 

Revenues to state and local governments (including schools) are positive­
ly impacted by the increased business activity and gross dollar flaws from 
sport fishing business. The total statewide state tax revenues amounted to 
over $71 thousand, with $33.3 thousand rollected in the local region. Most of 
the state revenues were received from the rest of the State and not from the 
surrounding estuarine region. However, the total tax revenue inpacts for 
local jurisdictions were roncentrated within the region where an estimated 
$65.9 thousand resulted from direct, indirect and induced sport fishing ex­
penditures (Table 3-14). In addition, local governments outside the Guadalupe 
estuary region rollected an estimated $49 thousand in taxes on travel expendi­
tures by fishing parties in 1976 through 1977. 

The data show that sport fishing in the Guadalupe estuary region results 
in a larger eronomic irrpact in areas outside the region than within the 
region, except for regional local tax revenues. However, data recessary to 
analyze the affects of the sport fishing equipment business were rot avail­
able. Thus, the 'annual statewide gross output impact of over $6.7 million 
represents a rontribution to the State's economy from only the variable 
expenditures by sport fiShermen in the estuary region and does .rot include the 
effects of purchases of sport fishing equipment. 
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Table 3-13. Estimated Sport Fishing Variables Expenditures by Sector, Guada-
lupe Estuary, 1976-1977 

: : 
Bait Travel Focx1 Lodging Recreation a/ . . : : . . 

thousands of 1976 dollars 

'lbtal 393.1 377.7 421.2 128.1 762.9 

a; Marinas, boat fuel, and boat rental. 
b/ Adjusted for travel expenditures outside the study area 2,083.0-

146.2. Expenditures in the region = $1,936.8 thousand. 

Table 3-14. Direct and 'lbtalY Economic Impact from Sport Fishing 
Expenditures, Guadalupe Estuary, 1976-1977 Q/ 

: Direct c/ 

: 

: 
: . . 'lbtal 

. . 

'lbtal 

2,083.0 !?I 

Regional State Regional State d/ 

OUtput 
( thousands) 

Employment 
(Man-Years) 

Ina:>me 
( thousands) 

State Tax 
Revenues 
( thoUsands) 

Local Tax 
Revenues 
( thousands) 

: 

$1,936.8 $2,083.0 

125 138 

714.3 787.2 

20.7 

32.5 

a/ Total = direct, indirect, and induced. 
b/ Values in 1976 dollars. 

$ 3,485.9 $ 6,783.4 

161 232 

1,071.3 1,959.5 

33.3 71.9 

65.9 115.3 

c/ Direct impacts for the region and state differ due to the travel expendi­
ture adjustment. 

d/ Statewide expenditures include the regional impacts. 
e/ Data not available. 
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Economic Impact of Commercial Fishing. The analysis of the commercial fishing 
Industry In the Guadalupe estuary was somewhat limited by the availability of 
estuary-specific data. Estimates made of this estuary's total contribution to 
commercial fisheries harvests were based on the fisheries inshore-offshore 
harvest distributions. However, the specific markets into which the fish 
catch were marketed were not known. Thus, for this portion of the analysis it 
was assumed that the markets were in Texas and that the statewide average' 
prices were appropriate and applicable. 

The average annual conmercia1 fishing oontribution of the estuary was 
estimated at 538,700 pounds (244,863 kg) of finfish and 12,411,800 pounds 
(5,641,727 kg) of shellfish for the period 1972 through 1976. Using 1976 
dockside finfish and shellfish prices ($0.357 per lb. and $1.456 per lb., 
respecti ve1y), the direct conmercia1 value of fish attributed to the estuary 
was estimated at $18.26 million (1976 dollars) (362). Shrimp, blue crab, and 
oysters constituted approximately 98 percent of this value. 

The Texas economy-wide total business resulting from oommercial fish 
catch attributed to the Guadalupe estuary was estimated using the 1972 Texas 
Input-output Model fisheries sector multipliers. Total value of the catch was 
$18.26 million, direct employment in the fisheries sector was 665, and direct 
salaries to fisheries empfoyees was $6.1 million (Table 3-15). 

Gross Texas business resulting from fishing, processing, and marketing 
the catch attributed to the estuary in 1976 was estimated at $56.89 million. 
Statewide employment associated with this fishery business was estimated at 
665 full time equivalent jobs in the direct fishing activity and an additional 
401 full time equivalent jobs in the indirect supporting and marketing activi­
ties. Gross personal income in Texas attributed to the estuarine fishing and 
supporting sectors was estimated at $15.64 million, state taxes at $576.9 
thousand, and taxes paid to local units of governments throughout Texas, as a 
result of this fishery business, at $717.8 thousand in 1976 (Table 3-15). 

Summary of Economic Impact of the Sgort and Commercial Fisheries. Analyses 
have been performed to oompute estImates of the quantities of sport and 
commercial fishing and the economic impact of these fisheries upon the local 
and state economies. 

Sport fishing expenditures exert an effect upon the economies of the 
local regions where fishing occurs and upon the entire State because of trans­
portation expenses, sport fishing equipnent sales, and service sector supply 
and demand linkages directly and indirectly associated with fishing expenses. 
Direct business affects include expenditures for goods and services purchased 
by sport fishermen (transportation, food, lodging, equipment). Indirect 
impacts are the dollar value of goods and services that are used to supply the 
sectors which make these direct sales to fishing parties. Other indirect 
impacts include wages, salaries and other forms of income to employees, owners 
and stockholders. 

The method of input-output analysis, using roth the Texas Input-{)utput 
Model and regional tables derived from the state model, was used to calculate 
the total impact. The results showed that variable S90rt fishing expenditures 
in the local area were greater than $1.93 million. In addition, there was an 
estimated $146.2 thousand spent outside the region, within Texas. 
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Table 3-15. Direct and Total a/ Economic Impact of Cornnercial Fishing in the 
Guadalupe Estuary ~ 1976 

--_._-_._---------
. Total 

Fishing 
: Sector Regional State 
: 

Output 18,263.9 30,592.0 56,892.0 
(1000' s 1976 $) 

Enployment 665 1,066 1,413 
(Man-Years) 

Income 6,102.0 10,526.0 15,645.5 
(1000's 1976 $) 

State Tax Revenues 69.4 244.7 516.9 
(1000's 1976 $) 

Local Tax Revenues 82.2 493.1 717.8 
(1000's 1976 $) 

al Total - direct, indirect and induced. 
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Oller 36 percent of the direct expenditures by sport fishennen in the 
region resul ted in increased personal incomes for regional oouseholds directly 
affected by the sport fishing industry. Statewide, the income i.npact anounted 
to Oller $1.95 million, annually. In addition, the total employment i.npact to 
the State economy was 232 full-time job equivalents. 

Revenues to State and local government (including schools) were positive­
ly impacted by the increased business activity and gross dollar flows from the 
.sport fishing industry. 'Itle total statewide State tax revenues anounted to 
over $71 thousand. Except for regional local tax revenues, sport fishing 
resulted in a larger economic impact in areas outside the region than local­
ly. 

Estimates were made of the inshore-offshore corrmercial fisheries catch 
associated with the Guadalupe estuary. 'Itle average annual corrmercial fish­
eries contribution was estimated at 12,950,500 pounds of finfish and shellfish 
for the period 1972 through 1976. 'Itle total value of the catch was $18.26 
million, direct employment in the corrmercial fisheries sector was 665, and 
direct salaries to employees was $6.10 million. 
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CHAPTER IV 

HYDROLOGY 

Introduction 

Detailed studies of the hydrology of areas draining to the Guadalupe. 
estuary were necessary to estimate historical freshwater inflows from contri­
butory areas, only a portion of which are gaged. TWo major river basins con­
tribute to the Guadalupe estuary, the Guadalupe and San Antonio Basins. Addi­
tionally, small coastal basins, including a portion of the Lavaca-<;uadalupe 
Coastal Basin and the San Antonio-Nueces Coastal Basin, contribute to the 
estuary. An earlier" section of this report (Chapter III, "Influence of 
Contributory Basins") describes upstream reservoirs in the major basins. The 
present section deals with aspects of the quality and quantity of freshwater 
inflow from a historical perspective. 

Freshwater Inflows 

Freshwater inflow contributions to the Guadalupe estuary consist of (1) 
gaged inflow from the Guadalupe and San Antonio River Basins, (2) ungaged run­
off, (3) return flows from lInmicipal, industrial and agricultural sources in 
ungaged areas, and (4) precipitation on the estuary. The following paragraphs 
consider each of these individually. In addition to freshwater inflow, 
evaporation from the bay surface is considered to arrive at a freshwater 
inflow balance. 

Gaged Inflows from the Guadalupe and San Antonio Basins 

The Guadalupe and San Antonio Basins have a total gaged drainage area of 
9,447 square miles (24,580 km2). This inflow enters the estuary through the 
Guadalupe delta at the western edge of Mission Lake and Guadalupe Bay. Gaged 
contributions of the Guadalupe and San Antonio River Basins to the estuary 
have averaged 1,808,000 acre-feet/year (2,221 million m3/yr) over the period 
1941 through 1976 (Table 4-1). Gaged yields from the Guadalupe Basin and San 
Antonio Basin (1941 through 1976) have averaged 412 acre-feet per square mile 
(1,962 m3/ha) and 124 acre-feet per square mile (590 m3/ha), respectively. 
Gaged Guadalupe and San Antonio Basin inflows have accounted for 80 percent of 
the combined inflaw1l and 67 percent of the total freshwater infl~ 
to the Guadalupe estuary over the 1941 through 1976 period (Table 4-2). 

Ungaged Runoff Contributions 

Ungaged drainage areas contributory to the Guadalupe estuary include some 
762 square miles (1,983 km2 ) in the Lavaca-<;uadalupe Coastal Basin, the San 

y 
y 

Combined inflow = (gaged inflow) + (ungaged inflow) + (return flows from 
ungaged areas) - (diversions below last gage) . 
Total freshwater inflow = (combined inflow) + (direct precipitation on 
the estuary) 
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Table 4-1. Monthly Freshwater Inflow, Guadalupe Estuary (1941-1976) ~ 

.GAGED • .TOTAL.. TOTAL 8AY .FRESHWATER 
HONTH .GUAOU •• ~AN.AN.GAG[D .UNGAGEO.REIURN.DIVERSIONS.COHBINEO.PRECIPITATION.FRESHillTER.EVAPORATION. INflOw 

.INfLOW.INfLOW.HIIFlOW.INFLOW • FLOwS. • INFLOW. ON BAy INFLOw LOSSES. BALANCE 

thousands of acre-feet 

A~ERAGE OVER All YEARS 

JANUARY 97 32 129 21 0 0 ISO 26 176 28 1~8 

FEBRUARY 107 33 1~0 35 0 0 176 29 205 28 177 
HARCH 96 2_ 120 2_ 0 0 1" 18 163 38 12_ 
APRIL 121 36 157 35 0 0 193 29 222 ~5 177 
MAY 190 66 256 ~6 0 0 303 _3 3~7 58 288 
JUN!;. 1'2 _5 188 _2 0 0 230 39 269 71 198 
JULY 81 35 116 30 0 0 I'" 31 179 85 93 
A UGUS T 52 2_ 76 30 0 0 107 SO 158 87 7J 
S[P1EHBER 113 71 18_ 63 0 0 2~8 67 316 69 2_6 
oCTOBER 130 57 188 62 0 0 250 _8 299 59 239 
NOVEMBER 99 33 132 31 0 0 16' 29 193 '13 1_9 
OlCEHBER 87 26 II. 35 0 0 1_9 31 180 33 1'" 

~ 
--------------------------------------------------------------------------------------------------------------

'" TOTAL~ 1315 .82 1aOO '5_ 0 0 2261 "'0 2707 6 •• 2057 

MONTHLY 
AHkAGE 110 _0 ,150 38 0 0 188 37 226 5. 171 

Y Rounding errors may -iesultTn-Sinan differences-between Table 4-1 and 4-2. 



Table 4-2. Annual 'Freshwater Inflow, Guadalupe Estuary (1941-1976) s(9/ 
------------------------------------------------------------------------------------------------------------------------

.GAGED • .TOTAL . TOT AL bAY .fRESHWATER 
YlAR • GUADA •• ~Ah.A~.GAGEO .UNGAGED.RETURN.OIVERSIONS.COHBINEO.PRECIPITATION.FRESHWATER.EYAPORATION_ INflOW 

.lhFLO~.lNflOW.I~FLO~.INFLOW • FLO~S. . INFLO.W • ON BAY INF L OW LOSSES • BALANCE 
------------------------------------------------------------------------------------------------------------------------

1941 2663 765 3,,"8 6_ 3 U a _291 562 _873 519 ' _ 35_ 

1942 1600 903 2503 618 a a 3121 
_ 51 

3572 532 3000 
19'+ 3 706 302 1008 278 U 0 128& 335 1621 578 1003 
19"" 1388 373 1761 619 U 0 2380 066 28'1b 550 2292 
19" 5 1'01 350 175H 370 a a 2l'21 .58 2579 550 2025 
19 .. 6 1919 103" 2953 585 0 0 3538 563 0101 502 3559 
1947 11 q" 317 l'tbl 251 0 0 1712 003 2115 553 1562 
191+8 080 219 &99 252 0 0 951 356 1307 567 700 
1911 9 1108 080 1588 091 0 a 207';1 587 2666 50S 2121 
1950 559 170 729 67 a 0 796 226 1022 612 010 
1951 002 225 &27 2&5 0 0 892 351 1203 636 607 
1952 831 3_1 !17~ 310 0 0 1082 36. 18'8 610 123 .. 
1953 797 25_ 1051 259 0 0 1310 038 1708 636 1112 
1954 230 "8 322 51 0 0 373 239 612 659 -07 
1955 26B 118 386 107 , 0 a _93 313 806 770 32 
1956 120 111 235 01 0 a 276 200 520 763 -203 
1957 2356 780 3130.,>_ 80' 0 0 3900 .79 4"'19 682 3737 
1958 2161 700 29".1" 668 0 0 3609 072 0081 695 3386 
1959 1150 315 1lf65 513 U 0 1978 519 2097 608 1809 
1960 2309 5" 2853 1011 0 0 386lf 676 4540 636 3900 

~ 
1961 1b59 503 2362 508 0 0 2910 509 3019 620 2795 
1962 508 212 760 170 0 0 930 ,349 1279 693 586 

W 1963 371 1_6 51'7 01 0 0 558 225 783 707 76 
19&4 079 ' 223 702 ,219 0 0 921 335 1256 661 595 
1965 1599 516 2115 360 0 0 2075 352 2827 705 2122 
19b6 '919 222 11_1 603 a 0 1744 • 57 2201 613 1588 
1967 1lf54 957 2'11 1251 0 0 3662 596 0258 692 3566 
1968 2100 756 2896 737 0 0 3633 577 ".210 706 3500 
1969 1033 375 1808 027 0 0 2235 .20 2655 760 1891 
19 10 1227 307 1574 095 0 0 2069 "'0 2529 701 1822 
1971 830 000 1238 721 0 0 1959 552 2511 763 1708 
1972 1677 622 2299 038 a 0 2737 519 3256 690 2566 
1973 2993 1591 458lf .. 9 0 0 5033 515 5508 676 0872 
1974 1658 565 2223 5_ 3 0 0 2766 618 3380 676 2708 
1975 2228 76_ 299< 0;6 0 0 3448 369 3817 65_ 3163 
11176 2479 890 3373 693 0 0 406b 598 4664 710 3950 

----------------~------------------------------------- --------------------------------------------------------

TOTAL 07518 17566 65U84 165514 0 0 81638 15975 97613 23300 70269 

Av(j,;AbE 1320 088 1808 060 0 0 2266 .. 0 2711 608 2063 
MEDIAh 1307 370 1669 lfS2 0 0 2100 057 2617 '656 ,1958 
PlRCE"T lfb.7 + 18.1 = 6b.7 + 17.0 + .0 .0 83.7 + 1b .4 = 100.0 2 ... 0 
PERCE>. T 5803 + 21.6= 79.8 + 2003 + .0 .0 100.0 19.6 

a/ Units are thousands of acre-feet. 
§' Rounding e=rs may result in small differences between Table 4-1 and 4-2. 
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Antonio-Nueces Coastal Basin, the San Antonio River Basin, and the Guadalupe 
River Basin. To facilitate the study of inflaw contributions, the ungaged 
drainage contributing to the Guadalupe estuary was divided into six subbasins 
(Figure 4-1). Using a Thiessen network (336), the weighted daily precipita­
tion was determined for each subbasin. A water yield model which uses daily 
precipitation, Soil Conservation Service average curve mnnbers, and soil 
depletion index (Beta) to predict runoff from small watersheds was calibrated 
with total inflaw to the estuary reconstructed from daily inflaw records. 
These records were collected by the Guadalupe-Blanco River Authority for the 
1967 through 1976 period. Statistical correlations between monthly total 
inflaw and simulated runoff were used to determine the "goodness of fit" of 
the calibration procedure. The calibrated model was then applied to the 
ungaged subbasin to calculate the ungaged runoff for the 1941 through 1976 
period (Table 4-3). 

During the period 1941 through 1976, ungaged runoff averaged 460,000 
acre-feet/year (0.57 billion rn3/yr) and runoff yield averaged 603 acre-feet/ 
mi 2 (2,872 m3/ha). Ungaged inflaw accounted for 20 percent of the com­
bined inflaw and 17 percent of the total freshwater inflaw to the Guadalupe 
estuary over the 1941 through 1976 period (Table 4-2). 

Ungaged Return Flaws 

Return flaws from IIllnicipalities and industries within the ungaged sub-­
basins were estimated from data provided by the Texas Department of Water 
Resources (TrWR) self-reporting system. Return flaws from the Union Carbide 
plant near Seadrift enter the Victoria Barge Canal, but have an insignificant 
effect on inflaw to the estuary. 

Diversions 

"'" 
Diversions were accounted for in the reconstruction of daily total inflaw 

to the estuary in order to/obtain ungaged contributions. 
/ 

/ 

Combined Inflaw / 

. A ca~egory/ of "combined inflaw" was obtained by aggregating gaged Guada­
lupe River and'San Antonio River contributions, and ungaged runoff. Over the 
period 1941 through 1976, combined inflaw averaged 2,268,000 acre-feet/year 
(2.80 billion m3/yr) (Table 4-2). Combined inflaw accounted for 84 percent 
of the total freshwater inflaw to the Guadalupe estuary over the 1941 through 
1976 period. Average monthly distributions of combined inflaw are shawn in 
Figure 4-:2. 

Precipitation on the Estuary 

Direct precipitation on the 138,720 acre (56,162 ha) surface area (363) 
of the Guadalupe estuary was calculated using Thiessen-weighted precipitation 
techniques (336). Over the 1941 through 1976 period, annual mean precipita-

IV-4 



~ 
-f'j-

~ 
o 10 20 Miles 

o 10 20 Kilom,"" 

11 
IJ1 

EXPLANATION 

~ Ungaged Area 

19011 Subbasin Number (see Table 4-3) 

A 081710 U.S.G.S. Gaging Stations 

Figure 4· 1. Ungaged Areas Contributing to Guadalupe Estuary 

~~' 

. 



""'I 

Table 4-3. Runoff fvom Ungaged Areas, Guadalupe Estuary 

-----------------:------------------wefghted----------- ·---;--A"verageCurve--;--- ExPfarne<r-Variatloo:----------------
PreciEitation -: 

Drainage Average 
Subbasin Description Area -~ Weight !'I: Runoff 

(mi2) Station Factor ac-ft/rni 2 

No. (1941-1976) 

: Numbe~: (%) : Gaged 

:~Beta 100--66 '" d/ :---- ~~~;:-- Mon~~:-~~ -:--pei1
f
'-ci1 

• x _. 2' 2 • a Ion. 0 
r r No. Record 

_____ ~ ____ . __ :_______ mth/yr 

18011 Confluence Upper 146 3618 .40 
Above Hwy. 59 9363 .60 466 85/43.5 

18012 Confluence Lower 157 3618 .02 
BelCM Hwy. 59 9363 .96 

0437 .02 524 85/41.0 

18020 Coleto 78 0437 .92 
9364 .08 631 85/41.2 

19011 Fannin Upper 98 3618 .64 
Above Hwy. 59 7836 .16 

9953 .20 460 85/41.9 

19012 Fannin Lower 161 3618 .41 

? BelCM Hwy. 59 9363 .24 
0437 .35 469 

'" 
85/44.9 

24601 Coastal 122 0437 .60 
7186 .40 620 85/44.0 

Coleto Creek Near 514 111 081775 1/32-12/52 
Victoria 

Coleto Creek Near 365 198 081770 10/52-
Sdlroedet 

Guadalupe River 5,161 243 081765 11/34-
At Victoria 

San Antonio River 3,921 124 081885 2/39-
At Goliad 

ay-Nationa.l Weather:-Servlce. 
ti/ Percentage of area of influence expressed as a factor (336) 
0/ An assigned parameter for a particular hyd~logic soil-cover complex (327) 
~ Soil moisture depletion ooefficient (327) 



30: ----~----"------------------------------------------------------------------------_. 

--­... 
o 

" >. 

"'-

70:: -_ ... 

600 ..... ,"'" 

+- 500 "l"""""""' 

" '" .... 
I 

'" ... 
o 
« 
~ 

Q 
'---' 

u 

40: 

~ 30: 

.a 
E 
o 
() 

It 

I! 1 
i 

jan 

. . . - . . . . . I . 

feb mar apr 

8Y.G. 

may 

'" I 

Ave = AVERAGE MONTHLY INFLOW 

D 10 pc-to PROBABILITY OF EXCEEDANCE 

0 50 pd. PROBAB I LI TY 9F EXCEEDANCE 

~ 90 pd. PROBAB I L I TY OF EXCEEDANCE 

1 Combined Inflow == (gaged inflow) + (ungaged inflow) + 
(return flows from ungaged areas)...,..(diversions below 
last gage). 

I 
·····1 

jun jul 

Month 

aug 

AVG 
r - - --
I 

sep 

I 8Y.G. 

oct nov dec 
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tion amounted to 444,000 acre-feet/year 
percent of the total freshwater inflow to 
period 1941 through 1976 (Table 4-2). 

Total Freshwater Inflow 

(0.55 billion m3/year), or 16 
the Guadalupe estuary over the 

Total freshwater inflow includes gaged Guadalupe and San Antonio River 
contributions, ungaged runoff, and direct precipitation on the estuary. For 
the 1941 through 1976 period, avera'le annual freshwater inflow am:Junted to 
2,771,000 acre-feet (3.35 billion ~). Average m::>nthly distributions. of 
total freshwater inflow are shown in Figure 4-3. 

Bay Evaporation Losses 

Gross surface evaporation rates for the estuary were calculated from 
Texas Department - of Water Resources pan evaporation data (329). Since the 
reduction in -evaporatiQn due to estuarine salinity is never in excess of a few 
percent (over an extended period of time), salinity effects were neglected in 
the estimation of evaporation rates. Over the period 1941 through 1976, mean 
evaporation over the 138,720 acre (56,162 hal estuary surface averaged 648,000 
acre-feet/year (0.80 billion m3/yr). When cnmpared to total freshwater 
inflow, evaporation on the estuary's surface was about 24 percent of total 
inflow over the 1941 through 1976 period. 

Freshwater Inflow Balance 

A freshwater inflow balance for the period of 1941 through 1976 is shown 
in Table. 4-2. A negative number in some years indicates evaporation exceeding 
total freshwater inflow (during periods of extreme drought). For the 1941 
through 1976 period, the mean freshwater inflow balance am:Junted to 2,063,000 
acre-feet/year (2.55 billion m3/yr). 

Variations in Inflow Components through Drought and Flood cycles 

Although previous paragraphs have described the cnmponents of freshwater 
inflow in terms of annual and nonthly average values over the 1941 through 
1976 period, there have been wide variations from the mean as a result of 
recurrent drought and flood cnnditions. Monthly. inflows and their cnrrespond­
ing exceedance frequencies are shown in Table 4-4. The "50%" cnlumn for each 
component inflow represents a 50 percent probability that the cnrresponding 
inflow will be exceeded in the given nonth. These values can be cnmpared to 
average values given in Table 4-1. Columns marked "10%" (probability of 
exceedance) indicate component values for wet year conditions, one year in 
ten. Columns marked "90%" (probability of exceedance) indicate component 
values for drought conditions, one year in ten. Further illustration of near 
limit probabilities are provided try Figures 4-2 and 4-3 for combined inflow 
and total freshwater inflow, respectively. 
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Table 4-4. Monthly Inflows to the Gu,:,dalupe Estuary for Corresponding Exceedance Frequencies ;y, EI, y 

Month 

January 

February 

March 

April 

May 

June 

July 

August 

Gaged Guadalupe Gaged San Antonio: 
Basin Inflow Basin Inflow 

10% ----s0%- - 90%-:ll)%- 50%-90% 

200 75 

223 80 

195 75 

280 77 

444 125 

380 87 

205 50 

115 40 

21 

28 

25 

26 

56 

60 

43 

75 

30 165 

22 110 

15 69 

14 50 

22 8 

26 9 

23 10 

29 9 

38 11 

27 7 

17 5 

5 

September 265 60 15 134 

18 

36 8 

8 October 275 70 15 117 35 

November 210 60 15 75 24 8 

December 177 65 25 50 24 9 

a7- Units are thousands-of acreFfeet. 

Ungaged 
Inflow 

Combined 
Inflow 

Precipitation 
on Bay 

10% 50% - 90%: 10% 50% 90%: 10% 50% -90% 

75 

100 

83 

92 

150 

167 

100 

100 

200 

200 

92 

117 

5 

18 

8 

13 

20 

18 

5 

9 

24 

24 

15 

12 

2 350 100 35 58 20 7 

2 387 133 46 83 20 5 

300 117 42 46 12 3 

450 133 42 75 18 5 

2 710 200 58 100 35 12 

3 583 167 38 100 27 5 

387 83 21 92 17 2 

275 83 24 117 39 10 

2 583 150 35 150 50 12 

583 150 39 133 39 8 

388 117 39 75 20 5 

350 117 39 75 24 8 

Total 
Freshwater 

Inflow 

Bay 
Evaporation 

Losses 

10% 50% 90%: 10% 50% 90% 

388 133 46 39 31 20 

425 167 58 39 31 24 

350 133 50 46 42 35 

462 167 50 58 46 39 

750 275 83 75 58 50 

667 183 50 92 75 58 

425 167 31 117 92 67 

387 117 42 117 92 75 

750 200 58 83 75 58 

667 183 58 75 58 50 

425 150 46 58 46 39 

387 150 50 42 35 27 

b/ Exceedance frequencies indicate the probability that the oorresponding rronthly inflow will be exceeded during the given rronth. 
£! Computed values based on 1941 through 1976 hydrological period. 



Quality of Gaged Inflows 

Only two USGS gaging stations m::mitor the quality of inflows to the 
Guadalupe estuary: Station No. 08176500 (Guadalupe River at Victoria) and 
Station No. 08188500 (San Antonio River at Goliad). The range of water 
quality parameters that were experienced in the 1977 water year are tabulated 
in Figure ~-4. During the period, nine to 12 sanples were available for lIDSt 
parameters. 

Student's t-tests were performed on the data to determine if any statis­
tical differences (two-tailed test) were evident in the sanple means. It was 
found that for some parameters the difference between the mean values recorded 
was not statistically significant. However, statistically highly significant 
differences between parameter means (a = 0.01) were found for silica, sodilIDl, 
sulfate, dissolved solids, total arrmonia nitrogen, nitrate nitrogen, total 
organic nitrogen, and chloride. Statistically significant differences between 
parameter means ( a = 0.05) were found for calcilIDl, fluoride and total 
phosphorus. As a result, concentrations of silica, sodilIDl, sulfate, dissolved 
solids, ammonia nitrogen, nitrate nitrogen, organic nitrogen, and chloride 
flowing to the bay from the San Antonio Basin are shown to be higher than 
those found in- the Guadalupe Basin iriflows. Higher nutrient ooncentrations in 
the San Antonio River can generally be attributed to upstream municipal return 
flows, including the predominant influence of the City of San Antonio. 

In general, the water quality of flows draining to the Guadalupe estuary 
has been good. No parameters were found in violation of Texas stream stand­
a-ros, although one "total lead" -sanple from the San Antonio River was in 
violation of the EPA drinking water standard (0.05 mg/l). 

Quality of Estuarine Waters 

Nutrient Concentrations in the Guadalupe Estuary 

Historical ooncentrations of carbon, nitrogen, and rnosphorus in Texas 
estuarine systems are largely unknc~m. Until 1968, water quality parameters 
in the open bays had not been monitored on a regular long-term basis. A 
regular program of water quality data oollection in Texas estuaries was 
initiated by the oooperative efforts of the U. S. Geological Survey and the 
Texas Department of Water Resources. Manpower and monetary oonstraints limit 
the ntIDlber of sites and frequency of sanpling. 

Available data can be used to determine general 1968 through 1977 concen­
trations of nitrogen and rnosphorus in the Guadalupe estuary. Temporal vari­
ation of nitrogen and rnosphorus are based on regional averages for each month 
for the various portions of the estuary. The estuary was sectioned into five 
major regions for the analysis: (Gl) Hynes, Guadalupe, and upper San Antonio 
Bays, (G2) middle San Antonio Bay, (G3) lower San Antonio Bay, (G4) Espiritu 
Santo- Bay, and (G5) Ayres and Mesquite Bays (Figure 4-5). Only sanple sites 
located ;yay from major population or industrial centers in open bay waters 
were considered, since nutrient ooncentrations near these locales might bias 
resultant ooncentrations in open waters. 

Freshwater discharges from the San Antonio and Guadalupe Rivers and oon­
tributions from the deltaic marshes have been the major source of nutrients 
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Figure 4-5. Segmentation of the Guadalupe Estuary 
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for the Guadalupe estuary. The concentrations of nutrients in the bay would, 
therefore, be expected to exhibit a decreasing gradient with distance from the 
Guadalupe delta. 

ArriIronia, nitrite, and nitrate nitrogen were sunmed for each sample sta­
tion and month to arrive at total available nitrogen concentrations. Average 
monthly concentrations for nitrogen and rnosphorus were taken for the study 
period. Subsequent average nutrient isolines and spatial representations are 
shown for nitrogen and for rnosphorus (Figures 4-6 to 4-17) for each month of 
the year, 1968 through 1977. Nitrogen and rnosphorus concentrations have been 
typically an order of magnitude higher in the upper reaches of the bay. 
Concentrations of total available nitrogen have ranged from 0.01 mg/l to 2.77 
mg/l, whereas, rnosphorus levels have ranged from 0.01 mg/l to 0.62 mg/l. 
Both nitrogen and rnosphorus have shown a definite gradient from upper San 
Antonio to lower San Antonio Bay, while concentrations of these constituents 
in Espiritu Santo, Ayres and Mesquite Bays have been relatively uniform. 

Total rnosphorus in the estuary has appeared relatively constant except 
for the months of December and January (Figure 4-18). Variations in the dis­
tribution throughout the estuary could be due to dlanging flow patterns and 
biological activity. 

Except for the month of May, total available ni trogen has shown a general 
decreasing trend from the high values rormally found in winter months of 
December and January (Figure 4-19). The total available nitrogen response has 
followed closely that observed in Guadalupe, Hynes, and upper San Antonio 
Bays. 

Heavy Metals 

Samples of the rottom sediments in the Guadalupe estuary are available 
for the period of record (1970 to 1978) at 16 data collection sites shown in 
Figure 4-20. Sampling efforts have been conducted by the USGS and the Texas 
Department of Water Resources in cooperation with other interested agencies. 
Heavy metals detected have included arsenic (As), barium (Ba), roron (B), 
cadmium (Cd), cobalt (Co), chromium (Cr), copper (Cu), lead (Pb), manganese 
(Mo), mercury (Hg), nickel (Ni), silver (Ag), zinc (Zn), and iron (Fe). 

Statistical analyses were rot possible due to the limited number of 
samples throughout the period of record. The range of values found for heavy 
metals in Guadalupe, San Antonio, Hynes, Mesquite, and Espiritu Santo Bays are 
listed in Table 4-5. 

Accumulation of metals in rottom deposits may not be detectable in ~er­
lying water samples, yet still exert an influence from time to time. Wind and 
tide induced water movements, ship traffic and dredging activities are some 
physical processes that can cause mixing of materials' from the sediment into 
the water. Chemical dlanges resulting from seasonal temperature fluctuations, 
oxygenation, and respiration, can influence the rate of movement and distribu­
tion of dissolved SUbstanCes between water and sediment. Microorganisms 
living on the rottom (benthos) also play an important role in the circulation 
of metals by taking them up from the sediment, sometimes converting them to 
more toxic forms. Heavy metals in sediment and water may p.::lse a threat to 
edible shellfish such as oysters and crabs as these organisms generally con-
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Figure 4-6_ Average Monthly Concentrations of Total 
Nitrogen and 'Phosphorus, January 1968-1977 
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Figure 4-7. Average Monthly Concentrations of Total 
Nitrogen and Phosphorus, February 1968-1977 
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Figure 4-8. Average Monthly Concentrations of Total 
Nitrogen and Phosphorus, March 1968-1977 
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Figure 4·9. Average Monthly Concentrations of Total 
Nitrogen and Phosphorus, April 1968·1977 
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Figure 4-10_ Average Monthly Concentrations of Total 
Nitrogen and Phosphorus, May 1968-1977 
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Figure 4-11. Average Monthly Concentrations of Total 
Nitrogen and Phosphorus, June 1968-1977 
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Figure 4-12. Average Monthly Concentrations of Total 
Nitrogen and Phosphorus, July 1968-1977 

Total Phosphorus 
mg/I P 

Of 

ico 
~,,~ 

~ 



1 
N 
N 

"C. 
'd ... 

"-c 
~ 

Total Available Nitrogen 
(NH, + NO, + NO,) 

mg/l N 

.10 

\cO 

"i" 

"C. 
'd ... 

"-c 

~ 

$4-114 
~-1I/o 

.10 
o 10 Kilometers 

o 10 Miles 

~ 

Figure 4-13. Average Monthly Concentrations of Total 
Nitrogen and Phosphorus, August 1968·1977 
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Figure 4-14. Average Monthly Concentrations of Total 
Nitrogen and Phosphorus, September 1968-1977 
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Figure 4-15. Average Monthly Concentrations of Total 
Nitrogen and Phosphorus, October 1968-1977 
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Figure 4-16. Average Monthly Concentrations of Total 
Nitrogen and Phosphorus, November 1968-1977 
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Figure 4-17, Average Monthly Concentrations of Total 
Nitrogen and Phosphorus, December 1968-1977 
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Figure 4-18. Average Monthly Phosphorus Concentrations 
for the Five Segments of the Guadalupe Estuary 
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Figure 4-19_ Average Monthly Nitrogen Concentrations 
for the Five Segments of the Guadalupe Estuary 
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Table 4-5. Ranges of Concentrations for Metals in Sediment Compared to USEPA (1974) Dredge Criteria ~ 

--Station Guadalupe -========--sanAntonfoBay =======--=,----- Mesqufte ---ESjJirffw---------
Location b/ Bay 287.7 Hynes Bay Santo 

& USGS - 200 264.2 287.4 287.8 Bay 314.3 Bay 
Station & & 274.2 & & & 342.2 

Number: 214 : 2462.03 2462.01 287.9: 236 : 2463.01 2461.01 

Dredge 
Criteria 

Parameter --- ----Unfts are l19)'kg ________ ===== _______________________ ==== 

Arsenic 

Barium 

Boron 

Cadmium 

Chronium 

Cobalt 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Nickel 

Silver 

Zinc 

2.0-3.2 0.002-3.4 

3.5* 

0.002* 

0.0-<10.0+ 0.002-0.300 

2.2-16.0 

3.9-<10.0 

8,900-
13,000 

2.2-12.0 

150-290 

1.6-18.0* 

3.2-7.2 

1. 7-8.1 

1200-8200 

0.26-11.0* 

12.0-300.0* 

0.02-4.7*+ 

0.78-15.0* 

0.002-3.1* 

20.0-51.0 4.0-46.0 

-2.4-5.0+ 0.002-3.6 0.3-3.0 2.3 

43.0-106.0* 

0.002-8.70* 

1.8-<10.0+ 0.002-17.0*+ 0.0-2.1 0.5 

1.4-110.0*+ 

<10.0-19.0 0.7-33 18.0 

4.6-<10.0 0.23-15.0* 0.4-4.8 3.5 

13,000 820- 6,700 
16,000.0 

5.3-16.0* 

26.2-337.0* 

0.02-1.8*+ 

0.002-25.0* 

0.002-<1.0* 

20.0-34.0 0.36-128.0*+ 3-47 

9.6 

140.0 

19.0 

1.0-4.5 0.02-3.0 5 

80-83* 25.0-250.0* 

1.0-16.0* 0.4-22.0* 

0.0-23.0*+ <10.0-17.0+ 2 

1.7-12.0* 2.0-10.0* 100 

3.1 <10.0 

1.0-7.5 1.5-<10.0 50 

11,000 

<0.2-9.4 1.5-12.0 50 

71-220 61.0-240.0 

0.01-4.0*+ 6.0*+ 

0.02-14.0* 4.5-9.0* 50 

0.2-0.5* <0.07-< 1 .0* 

0.6-32.0 16.0-160.0+ 75 

a-TIncfudes -datafrom ref:-(237):------------------------------------------------------------­
b/ See Figure 4-20 for data collection sites. * Includes only Texas water Quality Board data. 
+ Denotes at least one sample in violation of EPA's dredge spoil criteria. 



centrate certain metals in their rodies when feeding in polluted areas. 
Reduction in productivity in the area may be the result of toxic effects of 
heavy metals upon organisms, and may have an ultimate effect on man if he is 
exposed to heavy metals through edible fish and shellfish. Areas of the 
Guadalupe estuary have occasionally exceeded the u.S. EPA criteria for metals 
in the sediments (prior to dredging) for the following rontituents (Table 
4-5): arsenic, cadmium, chromium, mercury, and zinc. 

Herbicides and Pesticides 

Samples of the bottom sediments in the Guadalupe estuary have been 
collected at 17 data rollection sites shown in Figure 4-21 for the period 1969 
to 1975 as part of the USGS-TDIlR cooperative program. The data were analyzed 
for herbicide and pesticide roncentrations (Table 4-6). The parameters 
detected included aldrin, DOD, DOE, DDT, dieldrin, endrin, heptachlor, hepta­
chlorexpoxide, and silvex. Only DOD, DDE, DDT, dieldrin, and silvex were 
detected at levels above or equal to the detection limit of 0.1 Ilg/kg. 
Statistical analyses were oot possible due to the limited number of samples 
available. 

Summary 

Sources of freshwater inflow to the Guadalupe estuary include gaged 
inflow from the rontributing rivers and streams; ungaged runoff; return flows 
from municipal, industrial and agricultural sources; and precipitation on the 
estuary. Measurement of freshwater inflow adds to the understanding of inflow 
timing and volumes and their influence on bay productivity. To acquire 
accurate inflow measurements, gaged stream flows require adjustment to reflect 
any withdrawals or return flows downstream from gage locations. Ungaged 
runoff is estimated by rorrputerized mathematical rrodels that were developed, 
calibrated, and verified using field data. Rainfall is estimated as a dis­
tance-weighted average of the daily precipitation recorded at weather stations 
surrounding the estuary. 

Freshwater inflows in terms of annual and monthly average values over the 
1941 through 1976 period varied widely from the mean as a result of recurrent 
drought and flood conditions. On the average, total freshwater inflow to the 
estuary (1941-1976) consisted of 2,771,000 acre-feet (3.35 billion m3). 

In general, the water quality of gaged inflows to the Guadalupe estuary 
has been good. No parameters were found in violation of existing Texas stream 
standards, although one "total lead" sample from the San Antonio River was in 
violation of federal drinking water standards. Studies of past water quality 
in and around the estuary have pinpointed the occurrence of heavy metals in 
sediment samples. Locally, bottom sediment samples from the Guadalupe estuary 
have occasionally exceeded the U. S. Environmental Protection Agency criteria 
for metals in sediments (prior to dredging) for arsenic, cadmium, chromium, 
mercury and zinc. Bottom sediments rollected and analyzed for herbicides and 
pesticides showed DDD, DOE, DDT, dieldrin and silvex occurring in local areas 
in roncentrations equal to or greater than the analytical detection limit 
during the period 1969 to 1975. 

Basic hydrologic data described in this dlapter (Chapter IV) is used as 
input to rrodeling studies discussed in Chapters V, VIII, and IX. 
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Table 4-6. Range of Pesticide Concentrations in Sediment, Guadalupe Estuary, 1969-1975 (384) a/ 

Sanpling : Guadalupe San Antonio Bay Espiritu Hynes 
Station : Bay Santo Bay 

Bay 
200 243.5 25~ 264.2 : - 274.2 287.7 354.3 236 

& & 
214 . 287.9 . 

Parameter ': Uni ts are II g/kg 
---

DDD <0.1-2.9 <0.2 <0.1- <0.1- 0.5 <0.1-2.4 
0.4 1.0 1.8 

DDE 0.5-2.6 1.10 0.4 <0.1- 0.4-1.8 
0.70 

DDT <0.1-3.0 
/ 

~ Dieldrin <0.1-0.64 w 
w 

Silvex <0.3-<0.7 <0.70 <1.20 <0.3 

51 See Figure 4-21 for data collection sites. 



CHAPTER V 

CIRcuLATION AND Sl\LINITY 

Introduction 

The estuaries 'and, embayments along the Texas Gulf Coast are characterized 
by 'large surface, areas, shallow depths and irregular roundaries. These 
estuarine systems receive variable influxes of freshwater and return flows 
which 'enter through various outfall installations, navigation channels, 
natural stream courses" and as runoff from contiguous land areas. After 
entering the estuary, these discharges are subject to convective movements and 
to the mixing and dispersive action of tides, currents, waves and winds. The 
seaward flushing of the major Gulf Coast estuaries occurs through narrow con­
stricted inlets or passes and in a few cases, through dredged navigable 
channel entrances. While the tidal amPlitude at the mouths of these estuaries 
is normally low, the interchange of Gulf waters with bay waters and the inter­
change of waters among various segments have significant influences on the 
circulation and transport patterns,within the estuarine system. 

Of the many factors that influence the quality of estuarine waters, mix­
ing and physical exchange are among the most important. These same factors 
also affect' the overall ecology of the waters, and the net result is reflected 
in the benefits expressed in terms of the economic value derivable from the 
waters. Thus, the descriptions of the tidal hydrodynamics and the transport 
characteristics of an estuarine system are fundamental to the developnent of 
any comprehensive multivariable concept applicable to the management of 
estuarine water resources. Physical, chemical, biological and economic analy­
ses can be 'considered only partially complete until interfaced with the hyd~ 
dynamic and transport characteristics of a given estuarine system. 

The following sections of Chapter V will address' the developnent and 
application of the hydrodynamic, mass transport and marsh inundation models 
used to evaluate the circulation and salinity patterns of the Guadalupe 
estuary. 

Description of the Estuarine Mathematical Models 

Description of Modeling Process 

A shallow estuary or embayment can be represented by several types of 
models. These include physical models, electrical analogs and mathematical 
models, each of which has its own advantages and limitations. The adaptation 
of any of these models to specific problems depends upon the accuracy with 
which the model can simulate the prototype behavior to be studied. Further­
more, the selected model must permit various alternatives to be studied within 
an efficient and economi'cal framework. 

A mathematical model is a functional representation of the physical 
behavior of a system or process presented in a form available for solution, by 
any acceptable method. The mathematical statement of a process consists of an 
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input, a transfer function and an output. The output from a given system or 
component of a system is taken to be related to the input or some function of 
the input by the transfer function. 

Because of the nonlinearities of tidal equations, direct solutions in 
closed form seldom can be obtained for real circumstances unless many simpli­
fying assUmptions are made to linearize the system. When boundary conditions 
required by the real system behavior become excessive or complicated, it is 
usually convenient to resort to· a numerical method in which the system is 
discretized so that the boundary conditions for each element can be applied or 
defined. Thus it becomes possible to evaluate the complex behavior of a total 
system by considering the interaction among individual elements satisfying 
corrrron boundary conditions in succession. The precision of the results 
obtained depends, however, on the time interval and element size selected and 
the rate of change of the phenomena being studied. The greater the number of 
finite time intervals used over the total period of investigation, the greater 
the precision of the expected results. 

Numercial rrethods are well adapted to discretized systems where the 
transfer functions may be taken to be time independent over short time inter­
vals~ The developnent of high-speed digital computers with large rnerrory 
capacities inake it possible to solve the tidal equations directly by finite 
difference or finite element techniques within a framework that is both effi­
cient and economical. The solutions thus obtained may be refined to meet the 
demands of accuracy at the rurden of additional cost by reducing the size of 
finite elements and decreasing the time interval. In addition to the con­
straints imposed on the solution method by rudget restrictions or by desired 
accuracy, there is an optimum size of element and time interval imposed by 
mathematical considerations which allow a solution to be obtained which is 
mathematically stable, convergent, and compatible. 

Mathematical Model Development 

The mathematical tidal hydrodynamic and conservative transport models for 
the Guadalupe estuary have been developed by Masch (149). These models are 
designed to simulate the tidal and circulation patterns and salinity distribu­
tions in a shallow, irreqular, non-stratified estuary. The two models are 
sequential (Figure 5-1) in that the tidal hydrodynamic model computes temporal 
histories of tidal amplitudes and flow. These are then used as input to the 
conservative transport model to compute vertically averaged salinities (or any 
conservative material) under the influence of various source salinities, 
evaporation, and rainfall. Both of these models have "stand alone" 
capabilities although it must be recognized that the transport model 
ordinarily cannot be operated unless the tidally generated convective inputs 
are available. 

Hydrodynamic Model. Under. the assumption that the bays are vertically well­
mixed, and the tidally generated convection in either of the two area-wise 
coordinate directions can be presented with vertically integrated velocities, 
the mathematical characterization of the tidal hydrodynamics in a bay system 
requires the simultaneous solution of the two-dimensional dynamic equations of 
motion and the unsteady continuity equation. In summary, the equations of 
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GEOMETRY, BATHYMETRY, 
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SPATIAL SALINITY VARIATIONS 

TEMPORAL·SALINITY VARIATIONS . 

Figure 5-1. Relationship Between Tidal Hydrodynamic 
and Salinity Models (149) 
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motion neglect the Bernoulli terms but include wind stresses and, the Ooriolis 
acceleration, and can be written as: 

aq 
--2. - il 

at 

aJ. + n a = 
at ' "X 

'[11 

[2] 

The equation of continuity for unsteady flow can be expressed as 

aqx + ~ + ah = r _ e 
ax ay at 13] 

where 

x,y = horizontal Cartesian coordinates 
t=time ' 

qx'qy = vertically integrated x and y components of flow per unit 
width, respectively (x and y taken in the ,plane of' the surface 
'area) 

g = acceleration due to gravity 
h = water surface elevation with respect to mean sea level (msl) as 

datum 
d = total water depth (h-z) 
z = bottom elevation with respect to msl 
q = (<Ix

2+ qy2 )1/2 = magnitude of flow per unit width 
f = dimensionless bed resistance coefficient from the Manning 

Equation 
Vw = wind speed at a specified elevation above. the water surface 

e = angle between the wind velocity vector and the x-axis 
K = dimensionless wind stress coefficient 
il = coriolis parameter = 2W6in~ 
w = angular velocity of the earth = 0.73 x 10-4 rad/sec 
~ =, latitude = 28.'· for the Guadalupe estuary 
r = rainfall intensity 
e = evaporation,!ate. 

The numerical solution utilized, in the hydrodynamic model of the 
Guadalupe estuary involves an explicit computational scheme where equations 
[1], [2], and [3] are solved over a rectangular grid of square rells used to 
represent in a discretized fashion the physiography and various toundary 
conditions found in this bay system (Figure 5-2). This explicit formulation 
of the hydrodynamic model. requires. for stability a computational time 
step, lit < ls/(29dmax»),2, where lis is the cell size and dmax is 
the maximum water depth encountered in the computational matrix. The 
numerical solutions of the basic equations and the programming techniques have 
been described previously (149)~ 

The following data comprise the basic set 
hydrodynamic model. ' ' Time' varying 'data ,should 
intervals. . '. 

Y-4 

for applying the tidal 
be supplied at hourly 
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Physical Data 

topographic description of the estuary bottom, tidal passes, etc. 
location of inflows (rivers, wastewater discharges, etc.) 

Hydrologic - Hydraulic Data 

tidal condition at the estuary mouth (or opening to the ocean) 
location and magnitude of all inflows and withdrawals from the estuary 
estimate of bottom friction 
wind speed and direction (optional) 
rainfall history (optional) 
site evaporation or coefficients relating surface evaporation to wind 
speed. 

Conservative Mass Transport Model. The transport process as applied to 
salinity can be described through the convective-dispersion equation which is 
derivable from the principle of mass conservation. For the case of a two­
dimensional, vertically-mixed bay system, this equation can be written as: 

= 
a 

ax 
[~ a(Cd)] + 2 

x ax ay 
[D d(Cd)]+ K Cd [ 4] 

Y ay e 

where C is the tidally averaged salinity or TDS concentration; qx and 
qy are the net flows over a tidal cycle' in the x and y directions, re­
spectively; Ox and Dy are the corresponding dispersion coeffici~ts eval­
uated at a scale representative of total tidal mixing; and d is the 
average depth over a tidal cycle. The term Ke Cd is a first order re­
active term included to represent the buildup of concentration due to 
evaporation from the bay surface, and Ke is a coefficient determined 
volumetrically in accordance with methods described by Masch (149, 150). The 
primary difference in the form of Equation [4] given above and that reported 
previously (149), is that Equation [4] is written in terms of net flows per 
foot of width rather than tidally averaged velocities. 

The numerical technique employed in the salinity mJdel involves an 
alternating direction implicit (ADI) solution of Equation [4] applied over the 
same grid configuration used in the tidal hydrodynamic mJdel to determine the 
net flows and tidally averaged depths. Because of its irrplicit formulation 
the ADI solution scheme is unconditionally stable and there are ro restric­
tions on the computational time step, t±. However, to maintain accuracy and 
to minimize round-off and truncation errors, a condition corresponding to 
/::'t/!::,s2 "lfiwas always maintained throughout this work. Details of the 
numerical solution of Equation [4] and progranming techniques have also been 
previously described by Masch (149). 

The basic data set required to operate the conservative mass transport 
model consists of a time history of tidal-averaged flow patterns, i.e., the 
output from the tidal hydrodynamic mJdel, the salinity concentrations of all 
inflows to the estuary, and an initial salinity distribution within the 
estuary. 
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Marsh Inundation Model. 'nle marsh inundation ITOdel, DELTA, is a ooe-dimen­
sional mathematical ITOdel capable of simulating basic hydrologic and nutrient 
transport characteristics in a deltaic system. DELTA is adapted to simulate 
single events such as low-flow periods, high tides, flood events (or. any type 
of related event) with a duration of less than 22 days. 'nlrough the applica­
tion of constant freshwater inputs and a repetitious tidal cycle, a "steady 
state" event covering longer periods of time may be examined. DELTA is made 
up of two smaller ITOdels, a hydrodynamic submodel, HYDELT, and a mass-transfer 
submodel, Ml'DELT. 

(1) HYDELT. For the calculation of tides in estuaries and tidal rivers, 
HYDELT assumes that all flow momentum is concentrated in the longitudinal com­
ponent of the channel and that when inundated, the flood plain serves princi­
pally as volume storage and carries relatively little longitudinal nomentum. 
Neglecting Coriolis acceleration and surface wind-stress, the governing 
equations are the conservation of longitudinal rromentum and continui ty for 
one-dimensional tidal flows: 

= 0 [1] 

aH lClQ Qf 
-+----=0 at B ax As 

[2] 

In equations [1] and [2], Q is the flow in the conveyance channel; A is the 
cross-sectional area of the conveyance channel; H is the water level; R is the 
hydraulic radius; n is Manning's roughness parameter; B is the lateral width; 
As is the surface area including lateral storage; z is the height of channel 
bottan above an arbitrary datum; Q.f is the lateral discharge into the chan­
nel; g is the acceleration of graV1ty; x is the distance in the longitudinal 
direction; and t is time. 

solution of Equations [1] and [2] utilize the "leapfrog" method of finite 
differences whereby water depths, inundated surface areas, and lateral channel 
discharges are determrned at the center of each segment, while longitudinal 
flow quantities and velocities are determined at segment IXlUndaries (Figures 
5-3 and 5-4). 'nlis solution technique has been proven to be stable for hyper­
bolic systems, such as those described by Equations [1] and [2], so long 
as r:x. < (ts£.lc); where {:,t is the solution time step, and c is the maximum phase 
velocity of a wave.lI \ 

(2) MTDELT. 'nle mass-transfer submodel, Ml'DELT, us€!d in conjunction with 
the hydrodynamic subm:xlel, simulates the influence of exchange rates on 
nutrient levels in the deltaic system. MTDELT can simulate organic nitrogen, 
ammonia, nitrite, nitrate, total phosphorus, total carbon, and two species of 
algae. 

1/ c is approximated as (gD) 112 + U, where D is water depth and U is the 
local water velocity. 
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MTDELT uses the one-dimensional mass continuity equation: 

1 d 
A at (AC) + ..!. d 

A ax (AUC) 1 d 
= A ax 

[3] 

In Equation [3], C is the constituent concentration; Er. is the longitudinal 
dispersion coefficient, and S represents sediment transfer, biological 
reactions, plant intake, influent sources, and withdrawal sinks. 

( 3 ) Calibration and Validation of the Marsh Inundation Model. The 
hydrodynamic submodel, HYDELT, was calibrated and validated for the Guadalupe 
delta during nonflood conditions ~ Hauck, Ward and Huston (45). Results of 
flood simulations were not satisfactory for a variety of explained and 
unexplained reasons. 

Guadalupe River Delta. The system boundaries 'and segmentation schematic 
utilized for the Guadalupe delta are presented in Figure 5-5. The 
upstream and downstream system. boundaries were selected in accordance 
with m::x1el specifications, the availability of tide records for San 
Antonio Bay, and availability of flow data entering the delta from the 
Guadalupe River and Green Lake. 

Ten continuously recording tide gages are located within the study area.­
These gages are located near Seadrift (08165100), at Lucas Lake 
(08188830), at Townsend Bayou near Austwell (08188835), at Townsend Bayou 
near Tivoli' (08188840), at: Traylor Cut near Tivoli (,08188825), at the 
Guadalupe River near Traylor Cut (08188820), near Mission Lake at Mamie 
Bayou (08188780), at Goff Bayou (08188760), on the Guadalupe River at 
State Highway 35 (08188810), and on Schwings Bayou at State Highway 35 
(08188790). In addition, the water stage is read daily for the Guadalupe 
River, Hog Bayou and Goff Bayou ~ the Guadalupe-Brazos River Authority 
(GBRA). From these records and stage-discharge relationships developed 
by the TIMR (237), it is possible to define daily flows for the ten 
channels flowing under State Highway ·35. These ten dlannels are, from 
west to east, the Guadalupe River, Schwings Bayou, SchwingsRelief, Hog 
Bayou, Hog Relief, Frenchman's Bayou, Shallow Water, Shallow Water #1, 
Shallow Water #2 and Goff Bayou. 

Though the spatial distribution of tide gages indicates the availability 
of abundant data for m::x1el calibration and validation, the available 
period of record covers only from January 1975 to January 1976. Also, 
stream flow readings were recorded only once per day and only on week 
days; limiting temporal coverage. 

The initial calibration simulations of the Guadalupe delta are performed 
for the "equilibrium" period (September 3-9, 1975). During this period 
the streamflow for the seven locations is nearly constant at 2,000 
ft3/sec (56.6 m3/sec) on the Guadalupe River, 50 ft3/sec (1.42 
m3/sec) on Frenchman's Bayou, 150. ft3/sec (4.24 m3/sec) on Hog 
Bayou and the four other input locations having no input (Figure 5-6). 
In every case the tidal amplitude and J;hase variations are simulated 
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oorrectly; ha.vever, simulated tides are oonsistently displaced 0.5 ft. 
(0.15 m) bela.v rerorded tides. 

A serond equilibrium state test case was run for the period November 
4-12, 1975. During this period flows were occurring at only two of the 
seven infla.v points: the Guadal~ River at 1,750 ft3/sec (49.6 
m3/sec) and Goff Bayou at 1,150 ft /sec (32.6 m3/sec). The passage 
of a front acrompanied by strong northerly winds occurred in the early 
morning of November 12, and the resulting drop in water surface eleva­
tions was apparent in the driving tide ( Figure 5-7). The Mamie Bayou 
gage was again typical of the validation achieved for the steady-state 
case, with the persistent -0.5 ft. deviation between simulated and 
rerorded tides. 

In addition to tide elevation validation data, diurnal flow data have 
been oollected at various locations throughout the delta during November 
11-12, 1975 (229). Since the objective of the model is to simulate 
transport" these velocity data are preferable to elevation reoordings. 
Comparisons of simulated and observed velocities as well as direction of 
flow are presented in Table 5-1. In nearly all cases, the simulated and 
observed velocities are within one' order of magnitude, which is oon­
sidered adequate for flow velocity validation. Simulation of one flood 
event oovering the period May 27 through June 7, 1975 has been attempted 
with HYDELT on the Guadalupe delta; however, due to the lack of adequate 
temporal ooverage of the event, validation simulations are less than 
adequate. 

The HYDELT model may be oonsidered calibrated and validated on the Guada­
lupe delta for steady-state flows of low to moderate magnitude. 

Application of Mathematical Models, Guadalupe Estuary 

Hydrodynamic and Mass Transport Models 

The oomputational grid network used to describe the Guadalupe estuary is 
illustrated in Figure 5-8. The grid is superimposed on a map showing the 
general outline of the estuary. Included in the grid network are the loca­
tions of islands (solid lines), submerged reefs (dash lines), inflow points, 
and tidal excitation cells. The x-axis of the grid system is aligned approxi­
mately parallel to the ooastline, and the y-axis extends far enough landward 
to oover the lower reaches of all freshwater sources to the bay. The cell 
size (one square nautical mile) was based on (1) the largest possible dimen­
sion that would provide sufficient accuracy, (2) the density of available 
field data, and (3) oomputer storage requirements and oomputational time. 
Similar reasoning was used in selection of the computational time step except 
that the maximum possible time step in the hydrodynamic model was oonstrained 
by the criterion for mathematical stability. In the indexing scheme shown in 
Figure 5-8, cells were numbered with the indices 1 < i < IMAX = 36 and 1 < j < 
JMAX = 24. with this arrangement, all model parameters such as water depths, 
fla.vs in each ooordinate direction, bottom friction, and salinity can be 
identified with each cell in the grid. 

The basic data necessary for the developnent, verification and calibra­
tion of the mathematical models include Gulf tides, measured tides at discrete 
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Table 5-1. Velocity Corrparison (Xl November 11-12, 1975 

Guadalupe Bay (Section 8) 

Recorded SirrulatE.'d 
Time Velocity Direction Velocity Direction 

(ft/sec) (Et/sec) 

Nov 11 1200 .00 .05 OUt 
1500 .35 OUt • 14 OUt 
1800 .28 OUt .14 OUt 
2100 .17 OUt .26 OUt 

Nov 12 0000 .17 OUt .15 OUt 
0300 .28 OUt .19 Out 
0600 .86 OUt .59 OUt 
0900 .93 OUt .63 OUt 
1200 .57 OUt .12 OUt 

____ SWan Lake B~Section 61) 

Remrded Simulated 
velocity Direction Velocity Direction 
(ft/sec) (ft/sec) 

--------------------

NOV 11 1200 
1500 
1800 
2100 

Nov 12 0000 
0300 
0600 
0900 
1200 

.86 

.71 

.62 

.22 

.17 

.24 
2.4 
1.6 
1.8 

--------------

In 
In 
In 
OUt 
OUt 
OUt 
OUt 
OUt 
OUt 

Townsend Bayou 

Recorded 
Time Velocity Direction 

(ft/sec) 

--~-------. 

Nov 11 1200 .47 In 
1500 1.1 In 

, 1800 .44 In 
2100 .32 OUt 

Nov 12 .0000 .15 OUt 
0300 .24 OUt 
0600 .80 Out 
0900 1.7 OUt 
1200 .93 OUt 

.62 In 

.43 In 

.24 In 

.47 OUt 

.32 OUt 

.22 OUt 

.75 OUt 
1.3 OUt 
1.4 OUt 

(Section 40) 

Simulated 
Velocity Direction 
(ft/sec) 

1.0 In 
1.2 In 
1.0 In 

.14 In 

.35 Out 

.71 OUt 
1.6 OUt 
2.7 OUt 
3.0 OUt 

V-14 

RedEish Bayou (Section 58) 

Recorded Simulated 
Velocity Direction Velocity Direction 
(ft/sec) (ft/sec) 

.44 In .59 In 

.66 In .37 In 

.41 In .30 In 

.13 Out .48 OUt 

.18 In .32 OUt 

.15 OUt .07 In 
1.3 OUt .44 OUt 
1.1 OUt 1.1 OUt 

.37 Out 1.7 OUt 

Schwings Bayou (Section 105) 

Recorded Simulated 
Velocity Direction Velocity Direction 
(ft/sec) (ft/sec) 

.28 OUt .04 OUt 
~06 In .08 OUt 
.19 OUt .02 OUt 
.26 OUt .49 Out 
.25 OUt .29 Out 
.26 OUt .26 OUt 
.43 OUt .45 OUt 
.44 OUt .91 OUt 
.44 , OUt .48 OUt 

Varmum Bayou (Section 4B) 

Recorded SiJrulated 
Velocity Direction Velocity Direction 
(ft/sec) (ft/sec) 

-----
.17 In .56 In 
.21 In .17 In 
.15 In .18 In 
.09 Out .30 Out 
.04 In .07 In 
.25 Out .14 Out 
.97 OUt 1.2 Out 

1.1 OUt 1.6 Out 
2.2 OUt 1.6 OUt 
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points throughout each estuary, gaged freshwater inflows, estimate of ungaged 
and return flows, wind magnitude, direction and duration, evaporation, and 
measurements of conservative constitutents (chlorides, specific conductance or 
total dissolved solids, 'IDS) throughout the estuary and at each inflow source. 
Such a compilation of data for a specified period of time is referred to as a 
"data package." Through successive applications of the model to several 
independent data packages, the model is calibrated and verified. Data pack­
ages necessary for the calibration and verification of the estuary models were 
obtained through a cooperative program with the U. S. Geological Survey. 
Especially important were the two comprehensive data collection efforts 
conducted in the estuary during November 1970 and "August 1973. 

The initial calibration and verification of the Guadalupe estuary models 
was reported by Masch (149). A representative sample of the results of the 
final calibration of the models using data obtained during the August 1973 
field study is presented in Figures 5-9 to 5-11 to demonstrate the ability of 
the models to simulate observed values of tidal amplitude, flow, and salinity 
throughout a tidal cycle at several locations in the estuary. 

To test the model's abilities to simulate the salinity response of the 
estuary over an extended time period, an operation schedule was. developed to 
calculate the variation in salinity distribution during 1968 through 1973. 
The six~year period was divided into 94 consecutive hydrologic 
sequences.1I The minimum time period used as a hydrologic sequence was 
seven days. Seasonal averages were used for the meteorological and tidal 
inputs. The results of the model operation show reasonable agreement with 
observed data (Figures 5-12 to 5-17). Perfect agreement cannot be expected 
since the simulated results represent average salinity conditions for the time 
period covered by the hydrologic sequence while the measured data are an 
instantaneous response of the estuary to the specific tidal, freshwater 
inflow, and llEteorological conditions present at the time of the measurement. 

Marsh Inundation Model 

Studies were perforred on the Guadalupe River delta in an effort to 
delineate flow distribution patterns and establish areas that would be subject 
to the previously defined inundation criterion of 0.5 feet (0.15 m) of depth 
for 48 consecutive hours. 

Guadalupe River Delta." In the Guadalupe delta study estimates were made of 
the percentage of the delta surface area subject to inundation through the 
interaction of varying freshwater inflows and selected tides. Six Guadalupe 
delta flood events of varying magnitude and duration were selected from 
historical records obtained from the stage recorders located at the Guadalupe 
River near Tivoli (08188810) and Hog and Goff Bayous. Calculated inflow into 
the delta through the Guadalupe River and six additional channels that carry a 
varying volume of water into the delta depending upon the flood event are 

y A hydrologic sequence is defined as a time period for which the daily 
inflow to the estuary can be reasonably represented by the mean daily 
inflow during the period, i.e., the variation in daily flow about the rrean 
daily flow is small when compared to the magnitude of the mean daily 
flow. 
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Figure 5-10_ Comparison of Observed and Simulated Flows, 
Guadalupe Estuary, August 8-9,1973 
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shawn··Jn Table 5-2. In addition, two independent tide records from the San 
Antonii:> .. Bay near' the Seadrift gage (08165100) were selected which rorrespond 
to average and normal tide ronditions. Each of the six flood cases were 
simdl;ated with both a high and normal driving tide in an effort to 
differentiate portions of the delta that would be inundated as a result of 
high"fiows, and to differentiate areas which would be inundated as a result of 
the interaction of high freshwater inflows and high tidal activity. 

Driven by normal tides, inundation of the Guadalupe delta in the area 
below Mission Lake and between the two river arms, begins when the flood peak 
approaches 4, 000 ft3/sec (113.3 m3/sec). The area above Mission Lake and 
below Highway 35 becomes inundated with flood peaks of approximately 7,000 
ft3/sec (198.2 m3/sec); however, high tides will cause this same area to 
begin to inundate with flows of 4,000 ft3/sec (113.3 m3/sec). High tide 
simulations also show that the area in the vicinity of Lucas Lake and Long 
Lake is completely tidally dominated as this area is not influenced by any of 
the floods studied under normal tide ronditions but floods with high tide -
low flow ronditions. In addition, most of the area directly above Hynes Bay 
and west of the Guadalupe River will inundate only with high tides. . 

High flows demonstrate little irrpact on the main river dlannel. Only the 
river channel in the immediate vicinity of the Guadalupe River at Highw~ 35 
is ever subjected to inundation with flood peaks of less than 30,000 ft /sec 
(849.5 m3/sec) (Figure 5-18). 

As a result of these studies, curves were developed relating the percent­
age of marsh area inundated to a function of flow, for both normal and high 
tides. These results are presented in Figure 5-19. 

Freshwater Inflow/Salinity Regression Analysis 

Changes in estuarine salinity patterns are a function of several 
variables, including the magnitude of freshwater inflow, tidal mixing, density 
currents, ,wind induced mixing, evaporation and salinity of source inflows. In 
the absence of highly saline inflow and neglecting wind effects, the volLimes 
of antecedent inflow and the tidal mixing are the most important factors 
affecting salinity. Salinities imnediately inside the Gulf passes vary 
markedly with flood and ebb tide; the influence of tidal mixing attenuates 
with distance traveled inside the estuary from the Gulf pass. 

The dominance of the effect of freshwater inflow on estuary salinity 
increases with an increase in proximity to freshwater inflow sources. The 
areal extent of the estuary influenced by freshwater inflow varies in propor­
tion to the magnitude of freshwater inflow except during ronditions of extreme 
drought. Regression analyses of measured salinities versus freshwater inflow 
are carried out to verify and quantify such a relationship. Salinity data 
from San Antonio Bay are rorrelated with the sum of gaged streamflows from San 
Antonio and Guadalupe Rivers; 

The average daily salinities were assumed to be related to gaged 
streamflows by one of the following relationships: 
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Table 5-2" Hydrograph Peaks for Guadalupe Delta Simulation Model 

:' 
Guadalupe River: Goff Bayou Hog Bayou :Shall"", Water: Frenchmans Bayou Hog Relief Schwings Bayou Total 

Maximum Maximum Maximum Maximum Maximum Maximum Maximum 

(in"ft3/sec) 

2,055 1,450 360 120 195 5 180 4,365 

2,760 1,420 650 682 530 125 930 7,097 . 

4,360 2,650 91 8 495 139 1,766 10,329 

2,730 2,870 2,100 1,420 1,230 580 4,030 14,960 

3,270 5,250 3,370 2,940 2,510 1,140 6,530 25,010 

3,300 7,660 3,720 3,935 2,760 2,040 7,100 30,515 

'f 
'" 00 
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or 

[2] 

where St is the average salinity of 
is gaged streamflow k or i days antecedent 
number between zero and one; n is 

the t-th day; Qt-k or Qt-i 
to the t-th day; b is a pJsitive 
an integer; and aO' al and 

n 
a2 are regression coefficients. The term L Qt .in Equations [1] and [2] 

i=l -l. 

represents the antecedent inflow conditions, while Qt-k represents the 
present inflow condition taking into consideration streamflow time lag between 
the gage and the estuary. The regression coefficients were determined using a 
steprwise multiple regression procedure (15). 

The regression equations developed for San Antonio Bay use the salinities 
obtained by the Texas Department of water Resources at statewide ITDnitoring 
program stationl! Nos. 2046.01 and 2046.03 and the sum of gaged stream­
flows recorded for the Guadalupe River near Goliad and the San Antonio River 
at Victoria (Table 5-3). The daily average salinity at station 2046.01 is 
related to the daily gaged streamflow by 

26 
( L Q .)-0.5 
i=l t,..l. 

St = -10.87 + 5892.2 [3] 

where St and Qt-i are salinity and streamflow in ppt and ft3/sec, 
respectively. The relationship is plotted in Figure 5-20. With a correlation 
coefficient (r) of 0.84 and an explained variation (r2) of 70 percent, the re­
gression is tested to be highly significant ( CI. = .01). 

Average ITDnthly salinity-inflow relationships were derived using equation 
[3] to generate daily salinities for the period of streamflow record, 1940 
through 1976. The computed daily salinity values were averaged ITDnthly ~er 
the study period, and the averages were related to the llVllthly average flows 
by the geometric equation 

S = 
m 

[4] 

where Sm and Om are monthly average salinity and gaged flow in ppt and 
ft3/sec, respectively, Co and Cl are regression coefficients, and 
(tse ) is a random component. A frequency analysis indicates that both 
monthly salinities and monthly gaged flows have approximately log-normal 
distributions. Therefore, the random component has a normal distribution and 
can be expressed by tse (57), where t is a standard normal deviate with zero 
mean and unit variance, and se is the standard error of estimate of In 
(Sm) on In (Om). Resulting correlation coefficients of equation [4] for 

Y See Figure 3-9, station 2046.01 is located near line site 243-2, and 
2046.03 at the intersection of line 302 and the Intracoastal Waterway. 
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Table 5-3. Description of Data for R~ression Analysis 

Bay 

San 
Antori.io 

San 
Antonio 

Station 

TrnR Network 
2462.01 

TrnR Network 
2462.03 

Salinity 

Period 
of Record 

Jul. 1969 
to 

Jun. 1977 

Sep. 1973 
to 

Sep. 1976 

USGS 
Station 

InflON 

Guadalupe River 
at Victoria & San 
Antonio River near 
Goliad 

Period 
of Record 

Jan. 1940 
to 

Sep. 1976 

No. of Obs. 
for Regression 

32 

13 
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the twelve rronths (r) ranged from 0.74 to 0.94, which are highly significant 
(a= .01). 

The average rondition of [4] over a 12-month period (i.e, the relation­
ship of the mean rronthly averages) is fitted to the equation 

S = 5 113.5 Q -0.779 
y' Y 

[5] 

where S and Qy are mean rronthly average salinity, and gaged flow, re­
spective1.y. The equation and the 95 percent ronfidence limits of Sy versus 
Qy are plotted in Figure 5-21. The other statistics of equation [5] are 
l1sted in Table 5-4. 

The spatial distribution of salinities was evaluated by rorrelating the 
average salinities measured at stations 2046.01 and 2046.03 (Table 5-3). 
Assuming a linear relation, the analysis yielded 

where 
ppt, 
0.79. 

S03 = 0.25 + 0.65 S01 

S01 and S03 are salinities measured at 2046.01 and 2046.03 
respectively. The relation is highly significant (a = .01) with 

[6] 

The above freshwater inflow-salinity relationships can be used to provide 
preliminary estimates of the response of the estuary to proposed freshwater 
inflow regimes. Such a technique allows a quick screening of the inflow 
regimes that have the least desirable impacts on salinity patterns in the 
estuary. Only the rrost promising inflow regimes then remain to be analyzed in 
detail using the estuarine tidal hydrodynamic and salinity transport rrodels. 

In future studies, the regression equations developed here may be useful 
in determining the impact of rrodified long-term freshwater inflow patterns on 
the estuary, including the imposition of alternative river basin developnent 
and management plans on the hydrology of the rontributing river basins. 

Summary 

The rrovements of water in the shallow estuaries and embayments along the 
Texas Gulf Coast are governed by a number of factors, including freshwater 
inflows, prevailing winds, and tidal currents. An adequate understanding of 
mixing and physical exchange in these estuarine waters is fundamental to the 
assessment of the physical, chemical, and biological processes governing these 
important aquatic systems. 

To fully evaluate the tidal hydrodynamic and salinity transport charac­
teristics of estuarine systems using field data, the Texas Department of Water 
Resources developed digital mathematical rrodels representing the important 
mixing and physical exchange processes of the estuaries. These rrodels are 
designed to simulate the tidal circulation patterns and salinity distributions 
in shallow, irregular, non-stratified estuaries. The basic concept utilized 
to represent each estuary is the segmentation of the physical system into a 
grid of discrete elements. The rrodels utilize numerical analysis techniques 
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Table 5-4. Results of Salinity Regression Analysis, San Antonio Bay 

Regression Equation correlation Explained StaOOard Error 
Station Class (S in rot and Q in ft3/sec) Coefficient variation of Estimate F-test 

r r' se 

TIJOR 26 -0.5 
2462.01 Daily St '" -10.87 + 5892.2 ( t Ot-il 

i=l 
0.84 0.70 ** 

-0.580 
Jan. S 1337.9 Q 350 ~ Q ~ 11500 0.66 0.78 0.259 ** 

-0.821 
Feb. S = 7668.0 Q 330 ~ Q ~ 11500 0.87 0.75 0.370 ** 

-0.669 
Mar. S 10104.7 Q 470 ~ Q 2. 5100 0.83 0.69 0.421 ** 

-0.631 
Apr. S 1941.8 Q 400 ~ Q ~ 7000 0.88 0.77 0.269 ** 

-0.956 
May S 19559.2 Q 500 ~ Q ~ 16600 0.79 0.63 0.722 ** 

'f -0.793 
Jun. S 4771.5 Q 360 ~ Q 2. 11800 0.83 0.69 0.551 ** 

W 
0\ 

-0.891 
Jut. S 9040.0 Q 390 ~ Q ~ 10500 0.94 0.66 0.340 ** 

-0.696 
Aug. S 2997.7 Q 420 ~ Q ~ 4130 0.87 0.76 0.318 ** 

-0.460 
Sept. S 635.7 Q 320 ~Q..$. 21400 0.74 0.50 0.440 ** 

-0.900. 
Oct. S 11999.6 Q 500 ~ Q ~ 17700 0.82 0.67 0.636 ~ ** 

!»v. S 
-o.~79 

'" 9667.4 Q 450 ~ Q ~ 9530 0.89 0.79 0.424 ** 

-0.929 
Dec. S 15268.8 Q 530 ~ Q ~ 4240 0.94 0.88 0.241 ** 

All -0.779 
f!bnths S 5113.5 Q 320 ~ Q ~ 21400 0.63 0.69 0.483 ** 

2462.03 
vs Spatial S '" 0.25 + 0.65 S 0.89 0.78 2.579 ** 

2462.01 03 01 

** IrK'hcates a stabstical slgnlficance level of a'" 0.01 (highly signlficant). 



to simulate the temporal and spatial behavior of circulation and salinity 
patterns in an estuary. 

To properly evaluate the transport of water and nutrients through a 
deltaic marsh, it is necessary to describe and rompute estimates of the rom­
plex tidal and freshwater inflow interactions. A mathematical rrodel based 
upon the physical laws of ronservation of mass and momentum has been developed 
to simulate the passage of water and nutrients through the Guadalupe deltaic 
system. The romputations are based upon use of a finite difference approxima­
tion to the equations which describe the governing physical relationships. 

The marsh inundation rrodel is applied to the Guadalupe River delta. The 
delta system is represented as a series of interconnected shallow channels 
which are subject to varying levels of inundation, depending upon the tidal 
and riverine flow rates. The representation of the Guadalupe River delta 
includes. the non-tidally influenced flood plain of the Guadalupe River from 
the stream gages near State Highway 35 downstream to San Antonio Bay. 

The rorrect rrodel coefficients for calibration of the hydrodynamic rrodel, 
reflecting the delta's hydraulic characteristic, were determined by simulating 
the flow ronditions and water inundation depths in the delta, romparing them 
with actual field data, and adjusting the coefficients until adequate agree­
ment between observed and simulated ronditions was achieved. 

The numerical tidal hydrodynamic and salinity mass transport rrodels were 
applied to the Guadalupe estuary, with the rrodel representation of the system 
including Hynes Bay, San Antonio Bay, Ayres Bay, Espiritu Santo Bay, and a 
portion of the Gulf of Mexiro adjacent to Matagorda Peninsula. The hydro­
dynamic and mass transport rrodels were calibrated and verified for the 
estuary. 

The extent of marsh inundation in the Guadalupe River delta was investi­
gated utilizing the verified inundation rrodel for this system. The surface 
area of the Guadalupe· delta flooded was determined for six typical flood 
hydrographs under low, high and average tidal amplitudes. 

Statistical analyses were undertaken to quantify the relationship between 
freshwater inflows from the Guadalupe and San Antonio Rivers and salinities 
from San Antonio Bay. A ~set of lIDnthly predictive salinity equations was 
derived utilizing regression analyses. These equations predicted the mean 
monthly salinity as a function of the mean lIDnthly freshwater inflow rate. 
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CHAPTER VI 

NUTRIENT POOCESSES 

Introduction 

Biological productivity is keyed to a variety of fiJysical and dlemical 
processes. These include favorable ronditions of terrperature, salinity and 
pH, as well as a sufficient energy source to drive the biological processes. 
In addition, readily available supplies of nutrient I113.terials are essential, 
the IIDst obvious being carbon, nitrogen, and fiJosphorus (CNP). No less 
important, but required in SIl\3.ller aIIOunts are siliron, sodium, calcium, 
potassium, manganese, chloride and sulfate ions. Other essential trace 
elements are required in minute aIIOunts. 

In the ~jority of aquatic ecosystems, these elements are available in 
quantities necessary to support biological production. A deficiency of any 
one, however, may be sufficient to limit biological productivity. In IIDst 
cases nutrients required in the largest aIIOunts are quickly depleted from the 
surrounding medium. Their roncentrations can ronsequently be ronsidered aIIOng 
the IIDst important factors relating to biological productivity. The ratios of 
the three IIDst important elements--carbon, nitrogen, and fiJosphorus--to lesser 
ones are such that a deficiency of anyone of the three will act as a limiting 
factor regulating the level of-productivity in the system. 

CNP ratios (carbon to ni trogen to fiJosphorus) vary from organism to 
organism. Generally, oceanic species have a reported CNP ratio of 106: 16: 1 j 
(120). Nitrogen to fiJosphorus ratios for a variety of fiJytoplankton species 
are usually in the range of 10-12:1 (120). Carbon is norll\3.lly required in 
the greatest quantity, followed by nitrogen and fiJosphorus. Carbon is rarely 
if ever limiting, however, due to the readily available supply of atllDspheric 

. carbon dioxide (CO2) available and the ability of autotrophic organisms to 
use it in this form; therefore, nitrogen and fiJosphorus can be ronsidered to 
be the Oro "critical" nutrients in IIDst aquatic ecosystems. 

The aIIOunt of nitrogen required in an aquatic ecosystem is generally 
greater than fiJosphorus, thus biological productivity is IIDst likely to be 
nitrogen limited. This has been reported to be the case in a number of es­
tuaries (388, 135, 188, 192, 111) including those in Texas (317, 318). 

Nutrients can be brought into the estuary in either particulate or dis~ 
solved forms. Both forms l113.y be rorrposed of organic and inorganic romponents. 
Particulate nutrients l113.y exist in the form of detritus from decaying vegeta­
tion, sewage and industrial water effluent or nutrients adsorbed onto silt, 
clay, and various mineral particles. In general, some form of mixing is 
necessary to keep particulate I113.terials (especially 'the larger ones) in 
suspension. Mixing forces l113.y be in the form of wind driven circulation, as 
in the shallow bays of the Texas roast, or as induced currents from the rivers 
and streams that feed the estuaries. 

The three natural sources of nutrients to the estuaries are streams and 
rivers, rain, and seawater. Seawater is not usually ronsidered as a nutrient 
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source; however, there may be considerable exchange of seawater with bay water 
depending upon prevailing conditions, and some nutrients may enter from this 
source. Rainfall probably does not act as a major nutrient source, although 
soluble ammonia may be available in the atmosphere at times. On the Texas 
coast, the major source of nutrients is freshwater inflow from the rivers and 
streams that empty into the estuary. Inflows suspend and transport nutrients 
of natural and man-made origin. 

The following sections describe the methodology used to determine the nu­
trient contribution of the San Antonio and Guadalupe Rivers to the Guadalupe 
estuary, the importance of deltaic marshes to biological primary productivity, 
and finally the role deltaic marshes play in trapping, storing, and converting 
inorganic nutrients to plant biomass and the subsequent transport of this bio­
mass to the estuarine systems. 

Nutrient Loading 

Attempts to determine the amount of nutrient loading from a riverine 
source to an - estuary have been conducted by Smith and Stewart (1 97 ) • The 
basic methodology includes a determination of mean annual flow magnitudes and 
mean annual concentrations of the nutrient species; simple multiplication is 
used to arrive at a loading in pounds (or kilograms) per year. The U.S. 
Geological Survey (USGS), in cooperation with the Texas Department of Water 
Resources, has maintained daily stream discharge records of the major rivers 
and tributaries that empty into Texas' bays and estuaries. Nutrient concen­

·tration and water quality data have been collected systematically for these 
rivers only since the late 1960's. 

The major source of nutrients to- the Guadalupe estuary is freshwater 
inflow contributed by the San Antonio and Guadalupe Rivers. Contribution of 
nutrients by local ungaged runoff is unknown, but thought· to be significant 
when compared to the total nutrient input from gaged sources into San Antonio 
Bay. On the other hand, nutrient loading into the adjacent Mesquite and 
Espiritu Santo Bays comes from either local ungaged runoff and/or transport 
from adjacent bays and the Gulf of Mexico, as there are no significant sources 
of gaged freshwater directly feeding these areas. Inundation of salt marshes 
found in these bays is due primarily to tide and wind step P'lenomena. Locally 
rainfall may serve to flush some nutrients and detrital material into the 
bays but at present there are no quantitative data to use in determining the 
significance of this source. 

Nutrient concentrations in the Guadalupe and San Antonio Rivers at 
Victoria and Goliad, respectively, were calculated from streamflow and water 
quality data provided by the USGS Water Resources Data for Texas, 1968 through 
1973, and presented in an unpublished draft report prepared by staff of the 
Texas Department of Water Resources . (237) • A subsequent update of this 
information using 1974 through 1976 data from the USGS source was recently 
completed (237). 'lhe data were reduced and tabulated to a form comparable 
with the earlier report. 

Nutrient concentrations (carbon, nitrogen, and P'l0sphorus) from the 1968 
through 1973 data are compared with concentrations observed during 1974 
through 1976 (Tables 6-1 through 6-4). The 1968 through 1973 results show no 
apparent significant seasonal variation in carbon levels but a definite 
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Table 6-1. Carbon Levels a/ in the San Antonio and Guadalupe Rivers at the 
Goliad and Victoria Gages (ng/l) 

FlCM Range 

ft3/sec 

0-500 

500-1,000 

1,000-5,000 

5,000-10,000 

10,000-Up 

: 

San Antonio River 
at Goliad 

1968-73 1974-76 

51 61.5 

44 53.7 

35 48.5 

25 

25 

~ As total C based on CO]-C and HCXlrC concentrations 
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Guadalupe River 
at Victoria 

1968-73 1974-76 

47 

45 ,- 53.4 

40 49.9 

33 48.4 

25 



Table 6-2. Inorganic Nitrogen Levels a/ in the San Antonio and-Guadalupe 
Rivers at the Goliad and Victoria Gages (mg/l) 

San Antonio River 

I 

Jan-Mar April-,June July-Sept _Oct-Dec 
winter Spring Summer Fall 

68-73 74-76:68-73 74-76 68':'73 74-76 : 68-73 74-76 

. -----
0-500 3.8 4.9 3.4 6.0 2.2 4.3 2.9 3.7 

500-1,000 3.2 2.5 2.7 4.2 2.5 3.2 2.~ 3.3 

1,000-5,000 2.3 3.1 1.6 2.6 1.5 2.8 1.6 2.7 
, 

5,000-10,000 1 .1 1 .1 0.7 0.5 

10,000-up 0.9 0.9 0.4 0.4 

Guadalupe River 

-----------:-- . : 
Jan-April: May-Sept Oct-Dec 

68-73 74-76: 68-73 74-76 68-73 74-76 

0-500 2.0 0.6 0.6 

500-1,000 1.5 1.1 0.7 1.3 0.6 , 

1 ,000-5,000 0.9 1.1 0.9 1.1 0.6 0.9 

5,000-10,000 0.5 0.6 0.8 0.8 0.6 

10,000-up 0.3 0.5 0.6 

.yAs total N based on N03-N, ID2-N, and NH3 N concentrations 
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Table 6-3. Organic Nitrogen Levels in San Antonio and Guadalupe Rivers at the 
Goliad and Victoria Gages (mg/l) 

San Antonio River 

Season or Months: Jan-Mar April-vune July-Sept Oct-Dec 
winter Spring Strnrner Fall 

FlCM Range :68-73 74-76 :68-73 74-76 68-73 74-76 68-73 74-76 
ft3/sec 

: : : 

0-500 0.4 0.6 0.4 0.8 0.5 1.0 0.4 1.0 

500-1,000 0.4 0.7 0.5 0.6 0.6 1.0 0.4 1.1 

1,000-5,000 0.4 0.6 0.6 1.2 0.9 1 • 1 0.6 1.6 

5,000-10,000 0.4 0.7 1.2 0.7 

10,000-up 0.4 0.8 1.2 0.8 

Guadalupe River 

Season or Months: Jan-Mar April-0une July-Sept Oct-Dec 
, winter Spring Strnrner Fall 

FlCM Range :68-73 74-76 :68-73 74-76 :68-73 74-76 68-73 74-76 
ft3/sec 

0-500 0.2 0.2 0.3 0.2 

500-1,000 0.2 0.2 0.2 0.4 0.3 0.2 0.5 

1,000-5,000 0.2 0.3 0.3 0.4 0.5 0.5 0.3 0.4 

5,000-10,000 0.4 0.2 0.4 0.4 0.5 0.4 0.3 

10,000-up 0.5 0.8 0.6 0.4 
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Table 6-4. Total Phosphorus Levels in -the San Antonio and Guadalupe Rivers at 
the Goliad and Victoria Gages (mg/l) 

0-500 

500-1,000 

1,000-5,000 

5,000-10,000 

10,000-up 

0-500 

500-1,000 

1,000-5,000 

5,000-10,000 

10,000-up 

San Antonio River 

Jan-Mar 
Winter 

:68-73 74-76 

2.0 2.7 

2.0 1.5 

1.0 0.6 

0.9 

0.9 

------------

April-,June 
Spring 

:68-73 74-76 

1.7 2.0 

1.2 1.3 

0.6 0.6 

0.6 

0.6 

Guadalupe River 

Jan-Mar : April-,June 
Winter Spring 

:68-73 74-76 :68-73 74-76 
:y' 

0.1 0.1 

0.1 0.1 

0.2 0.1 

July-Sept 
St.mU11er 

68-73 74-76 

1.2 2.7 

1.2 1.3 

1.0 1 • 1 

0.5 

0.5 

July-Sept 
Surrrner 

:68-73 74-76 

0.1 

0.0 

Oct-Dec 
. Fall 

68-73 74-76 

1.4 1.6 

0.7 1.7 

0.7 1 • 1 

0.7 

0.7 

------

Oct-Dec 
Fall 

:68-73 74-76 

0.1 

0.1 

avr1968 1973 data for the Guadalupe at Victoria were not presented in this form 
- in the San Antonio Bay Report 
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relationship exists between inorganic carbon ooncentrations' and streamflow. 
Inorganic carbon occurs in an equilibrium state as carbonate or bicarbonate 
ions and carbon dioxide in acoordance with the equation: 

This equilibrium is dependent on IiI. The carbonic acid (H?:1C03) form pre­
dominates at IiI levels less than 4.5. The carbonate (C03- ) form is not 
found unless IiI levels are greater than 8.3. Since IiI values in both the 
Guadalupe and San Antonio Rivers are usually between 7.0 and 8.0, bicarbonate 
(HC03) is the dominant species. As streamflow increases, inorganic carbon 
concentrations decrease. Most inorganic carbon can be attributed to the 
groundwater oontribution that either originates or flows through the limestone 
aquifers in and around the Edwards Plateau. This is a principal source of the 
dissolved bicarbonate ion. ,At low river flows, a greater percentage of the 
water is oontributed l:¥ the aquifers. _ At higher flows, resulting from 
increased rainfall and surface runoff, the percentage of total flow oon­
tributed l:¥ the aquifers decreases. As the bicarbonate ion oontributed l:¥ 
groundwater is' diluted, the inorganic carbon ooncentrations decrease. 
Inorganic carbon ooncentrations range from 8.4 to 15.4 mg/l higher during 1974 
through 1976 than in 1968 through 1973 (Table 6-1). 

There is a scarcity of total organic carbon data oollected l:¥ the USGS. 
Available data shOrl total organic carbon ('IOC) concentrations generally less 
than 10-12 ppn. Steed (201) has atterrpted to identify the sources of particu­
late and dissolved organic carbon in the Guadalupe and San Antonio Rivers as 
well as San Antonio 'Bay. He notes that particulate organic carbon (POC) oon­
centrations in the Guadalupe River roughly follOrl patterns of river discharge; 
that is, POC concentrations are generally higher at peak river discharges. 
The same pattern occurs for POC concentrations in the San Antonio River. 
Dissolved organic carbon (IXlC) ooncentrations are similar to POC ooncentra­
tions in the Guadalupe River but roughly half the ooserved Poe ooncentrations 
in the San 'Antonio River. The San Antonio River has higher Poe and IXlC oon­
centrations than the Guadalupe but the total organic carbon ('rOC) oontributed 
is less since the Guadalupe River oontributed 96.8 percent of the total river 
discharge to San Antonio Bay during the study. Below the oonfluence of the 
two rivers and Elm Bayou the Poe concentrations range from 1.33 to 8.0 mg/l, 
averaging 3.77 mg/l. IXlC concentrations rage from 1.28 to 6.9 mg/l, averaging 
2.95 mg/l during the study period. Based on the oombined river discharge 
rates of gaged freshwater inflows from the Guadalupe and San Antonio River 
basins, IXlC and Poe loadings to San Antonio Bay are 20.67 million kg/yr 
(56,630 kg/d) and 26.84 million kg/yr (73,534 kg/d), respectively. By 
canbining the IXlC and Poe concentrations reportedl:¥ Steed (201), -the total 
TOC values are oomparable to those few data points available from the USGS. 

Organic Carbon does not, - as a rule, stimulate primary productivity.' 
Under certain oonditions it can be used in oonjunction with other data such as 
chlorophyll a ooncentrations as an indicator of the amount of primary product­
ivity occurring in an ecosystem. Atmospheric or dissolved carbon dioxide 
(CO2) is the main source of carbon fixed and oonverted to vegetative biomass 
by photosynthetic processes responsible for primary production. 
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, Analysis of USGS water quality data showed that inorganic nitrogen levels 
were lowest in surroner and fall and highest in the winter rronths during the 
1968 through 1973 period (Table 6-2). A similar trend, not as distinct, was 
noted for the 1974 through 1976 data. The data also showed a decrease' in 
concentrations during higher flows, probably due to increased dilution of 
nitrogen sources, although absolute quantities contributed are larger during 
high inflow events. 

Organic nitrogen contributions are similar for the two periods, 1968 
through 1973 and 1974 through 1976 (Table 6-3). If a trend exists, it is for 
increased concentrations with increased streamflow. This can be attributed to 
organic nitrogen of detrital origin being introduced into the system during 
periods of high runoff. 

Both inorganic and organic'~trogen concentrations are higher in the San 
Antonio River than in' the Guadalupe River. Ni trogen inputs into the San 
Antonio River are largely from municipal and industrial wastewater discharges' 
originating in the Bexar County area. 

Total phosphorus concentrations exhibit trends similar to inorganic 
nitrogen. From 1974 through 1976, San Antonio River concentrations are 
similar in magnitude to those of the 1968 through 1973 period (Table 6-4). 
Further, phosphorus concentrations for the San Antonio River are an order of 
magnitude higher during the 1974 through 1976 period than those in the Guada­
lupe River. 

Data reduction and computation reveal that the mean rronthly discharge of 
the Guadalupe River measured at Victoria averages 73 percent of the total 
measured discharge from the Guadalupe and San Antonio Rivers (Tables 6-5 
through 6-7). Even though the Guadalupe River contributes the majority of the 
flow, the San Antonio River contributes the larger percentage of the total 
arrounts of inorganic nitrogen and total phosphorus (Table 6-8). These are 
nutrients of great concern as they directly stimulate biological productivity. 
The contributions of organic nitrogen, as discussed earlier, are dependent on 
available detritus and runoff necessary to introduce it into the system. 
Carbon loading, since it is based on bicarbonate ion concentrations, more 
nearly reflects the relative percentages of water contributed from each water­
shed. Total nutrient loading data are presented in Table 6-9 to give an 
illustration of the potential arrount of nutrients that can be contributed by 
the watershed of each contributing river basin. However, one is cautioned 
that the data of Table 6-9 are taken from an apparent small sample of the time 
series data. 

Childress et al. (245) found nitrite (002) and nitrate (003) concen­
trations in the Guadalupe River at the State Highway 35 bridge to be similar 
to concentrations reported in the USGS data. . They reported a much larger 
range of nutrient contributions in kg/d than the 1968 through 1976 analysis of 
.nitrogen contributions presented in Table 6-9. This increase in total nitro­
gen loading could be attributed to greater river discharges reported over the 
September 1971' to May 1974 study period. Total phosphorus concentrations 
reported by Childress et al. (245) were also similar to USGS values in Table 
6-4. Like nitrogen, total phosphorus loading was greater than that given in 
Table 6-9 due to larger river flow volumes discharged to the estuary •.. The 
study also noted the phenomenon of highest N and P concentrations during 
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Table 6-5. Discharge Data, Guadalupe River at Victoria (ft3jsec) 

--------------------,--- -.~-- -.------
Water : : 
Year : Oct : Nov : Dec Jan Feb : Mar Apr : May June July---,- Au'L-_: Sept ---------
1968 2,270 2,213 1,114 7,130 2,348 1,869 2,907 4,991 6,178 1,669 962 1,649 

1969 838 943 2,048 934 3,326 2,982 3,671 3,255 1,535 862 708 842 

1970 1,353 1,225 1,532 1,797 1,864 2,814 1,921 3,433 2,757 1,204 853 798 

1971 1,052 731 695 671 613 583 430 367 378 323 1,570 2,914 

1972 1,453 1,448 2,026 1,446 1,583 1,056 756 12,230 2,789 1,648 1,343 971 

1973 ·933 878 837 1,128 1,635 2,531 5,174 2,253 7,511 4,277 2,721 2,189 

;:i Measured Discharge on Sample Collection Date 
I 

\D 

1974 7,400 2,860 2,030 3,800 1,680 1,390 1,140 1,630 1,130 773 835 2,260 

1975 1,230 3,600 2,890 1,900 5,300 2,050 1,650 2,900 6,200 3,120 1,840 1,390 

1976 920 910 873 1,070 800 940 3,820 3,950 2,040 2,720 1,640 1,390 

1968-73 Maximum and ~linimum Daily Discharges 

Maximum 10,500 9,020 9,320 41,000 10,700 12,300 13,800 24,600 31,900 6,360 5,300 9,240 

Minimum 639 656 612 631 582 470 389 337 178 169 213 690 

--------- ------------------------._--- ------------'----~-----



Table 6-6. Discharge Data, s~n Antonio River at Goliad (ft3jsec) 

, 
-----------~------------- - ----- -- ---- ----------Water-- : : : : : 

Year : Oct Nov Dec : Jan : Feb : Mar· Apr ~_: Jun.e ___ ,-__ J1I1y Aug Sept --------

1968 1,052 969 385 4,309 1,014 647 678 2,063 843 538 292 854 

1969 315 317 584 360 990 577 709 1,333 574 170 232 334 

1970 383 250 355 458 471 696 35q 1,134 1,296 233 234 221 

1971 272 204 203 237 208 194 174 137 225 143 1,285 961 

1972 1,402 913 795 536 451 354 556 4,235 1,073 517 521 517 

1973 610 464 396 442 618 521 1,792 597 4,253 4,723 1,400 2,244 

;:s 
I 

Measured Discharge on Sample Collection Date ~ 

0 

1974 3,940 1,520 979 806 635 749 502 561 379 244 474 1,170 

1975 550 858 680 650 1,350 700 620 780 1,250 871 483 517 

1976 378 375 382 405 316 305 1,120 969 516 1,260 454 1,030 

1968-73 Maximum and Minimum Daily Discharges 

Maximum 5,010 4,980 2,230 24,900 6,160 2,550 5,510 12,700 13,700 14,700 4,910 5,540 

Minimum 208 175 185 197 179 119 104 90 89 53 54 145 



Table 6-7. Percent Total Flow Contribution of the Guadalupe and San Antonio 
Rivers 

1968-73 Average % mean discharge 

1968-73 Range of % discharge 

1974-76 Average % discharge 

1974-76" Range of discharge 

Guadalupe River 
at Victoria 

73% 

48-88% 

73% 

70-77% 

San Antonio River 
at Goliad 

27% 

12-52% 

27% 

23-30% 

Table 6-8. Percent Total Contribution of Nutrients from the San Antonio and 
Guadalupe Rivers, 1974-1976 

Guadalupe River 
at Victoria 

San Antonio River 
at Goliad 

Average Percent Contributions of Nutrients 

Inorganic Nitrogen 44% 56% 

Organic Nitrogen 53% 47% 

Total Phosphorus 18% 82% 

Inorganic Carbon 71% 29% 

Range of Percent Contributions of Nutrients 

Inorganic Nitrogen 39-49% 51-61% 

Organic Nitrogen 46-51% 39-54% 

Total Phosphorus 17-19% 81-83% 

Inorganic Carbon 66-75% 25-34% 
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Table 6-9. 1974-1976 Nutrient Contributions by the Guadalupe and San Antonio Rivers (kg/d) 

Inorg N 
OrgN 
Total P 
Carron 

Inorg N 
Org N 
Total P 
carbon 

Inorg N 
Org N 
Total P 
Carron 

Inorg N 
Org N 
Total P 
Carlx:m 

Inorg N 
Org N 
Total P 
Carl:on 

Inorg N 
Org N 
Total P 
Carron 

---Oct Nov Dec Jan Feb Mar Apr _: May Jun : 

770 
202 
189 

63,700 

223 
82 
27 

11,700 

159 
46 

8 
8,809 

1,036 
363 
336 

35,707 

433 
94 

169 
5,688 

336 
46 

219 
3,987 

635 
68 
44 

29,600 

416 
42 
31 

19,500 

485 508 
221 207 

98 54 
25,900 24,400 

202 
39 
12 

8,977 

134 
19 
7 

8,731 

825 710 
153 62 
187 134 

16,240 11,044 

546 
88 

220 
7,717 

315 
46 

147 
3,930 

560 
78 

209 
7,079 

316 
29 

163 
4,081 

Guadalupe River 
1974 

668 
448 
214 

15,800 

390 
20 
26 

16,200 

360 678 
146 317 

15 54 
19,500 42,000 

243 
62 
9 

10,135 

182 
44 
12 

7,783 

304 
81 
19 

13 ,800 

1975 

350 
102 

7 
18,800 

1976 

210 
55 
16 

8,423 

183 
37 
20 

11,100 

434 
130 
37 

15,200 

665 
561 
117 

28,491 

San Antonio River 
1974 

619 
61 

165 
8,845 

473 
83 

155 
6,390 

\ 

370 
55 

104 
4,133 

463 
55 

130 
6,947 

588 
277 
148 

11 ,244 

370 
25 

119 
3,290 

658 
87 

217 
8,015 

1975 

339 
66 
99 

7,001 

1976 

296 
63 

120 
3,082 

296 
63 

154 
5,560 

491 
92 

201 
6,158 

732 
249 
306 

8,544 

270 
192 
42 

12,500 

176 
100 
35 

10,100 

450 836 
282 444 

40 32 
24,600 51,200 

566 
371 

88 
27,842 

251 
91 
49 

17,652 

407 281 
115 63 
201 175 

5,649 4,023 

415 
146 

84 
6,909 

376 
198 
126 

10,326 

361 138 
199 88 
116 82 

6,962 4,712 

Jul 

103 
22 
8 

6,100 

511 
276 

48 
23,800 

427 
246 

56 
19,637 

180 
32 
79 

2,549 

477 
97 

178 
8,414 

759 
387 
237 

8,795 

Aug Sept 

120 
120 

14 
7,100 

314 
94 
19 

16,000 

249 
76 
14 

13,883 

292 
105 
138 

5,218 

317 
80 

173 
5,317 

219 
64 
57 

4,316 

266 
177 

54 
15,500 

216 
107 

17 
12,600 

197 
81 
10 

11,956 

583 
399 
340 

9,904 

290 
141 
194 

4,200 

313 
165 
93 

5,537 



periods of lowest flow as was observed to occur in the USGS data from 1968 
through 1976. 

Marsh Vegetative Production 

An estuarine marsh is a complex living system which provides (1) detrital 
materials (small decaying particles of plant tissue) that are a basic food 
source for the estuary, (2) "nursery" habitats for the young of economically 
important estuarine-dependent fisheries species, (3) maintenance of water 
quality by filtering upland runoff and tidal waters, and (4) shoreline 
stabilization and other buffer functions. 

Perhaps the rrost striking characteristic of a marsh is the large arrount 
of photosynthesis (primary production) within the system by the total plant 
community (Le., macrophytes, periphytes, and benthic algae); thus, estuarine 
marshes are recognized as arrong the world's rrost productive areas (162, 163). 
Marshes of the Atlantic and Gulf coasts are no exception since the inhabiting 
rooted vascular plants have adapted advantageously to the estuarine environ-· 
ment and are known to exhibit high biomass production (295, 393, 33, 180,· 297, 
291, 342, 9). As a result, the marshes are large-scale contributors to 
estuarine productivity, providing a major source of particulate (i.e., 
detrital) substrate and nutrients to the microbial transformation processes at 
the base of the food-web which enrich the protein levels and food value for 
consuming organisms (38, 37, 208, 164, 401, 140, 139, 34, 175, 41, 118, 203, 
90, 91, 96). Recent research has derronstrated a correlation between the area 
of intertidal salt marsh vegetation with the corrmercial harvests of penaeid 
shrimp (339). For Texas estuaries, the statistical relationship indicates at 
least 30 pounds of shrimp harvested (heads-off weight) per acre of intertidal 
marsh (33.6 kg/ha). 

Marsh areas may be of greater ecological value if sectioned into small 
tracts by the drainage channels of transecting bayous and creeks (66). The 
rationale for this suggestion is found in "edge-effect" benefits; that is, a 
higher edge length to marsh area ratio provides rrore interface and a greater 
opportuni ty for exchange of nutrients and organisms across the boundary 
between open aquatic and wetland habitats. Deltaic marshes at the headwaters 
of an estuary generally exhibit a dendritic pattern of drainage channels and 
are especially important because they form a vi tal link between an inflowing 
river and its. resulting estuary. Here, the direct effects of freshwater 
inflow/salinity fluctuations are primarily physiological, affecting both seed 
germination and plant growth, and are ultimately reflected in the competitive 
balance arrong plant species and the presence of vegetative "zones" in the 
marsh (288, 177, 171, 161, 88, 195). 

Major contributing marshes to the Guadalupe estuary include the wetland 
areas of the Guadalupe River delta. The delta has been delineated into four­
teen hydrological units with a combined area of 11,942 acres (4,833 hectares) 
( 50) • Dominant marsh plants include the vascular macrophytes Spartina 
sl?'lrtinae, §.. ~tens, Scirpus maritimus, Distichlis spicata, Monanthocloe 
ll.ttoraHs, Bornchia frutescens, and Phragmites communis. Above-ground net 
production (ash-free dry weight) is estimated at 120.4 million pounds (54,624 
metric tons) per year and annual net productivity (ash-free dry weight) 
averages 10,084 pounds per acre (1,130.3 g/m2 ). Approximately 73 percent of 
the annual production occurs during the spring and summer quarters, and about 
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61 percent of the annual biomass losses occur during the sumner and fall 
quarters. In addition, inundated areas of the Guadalupe delta exhibit net 
production (ash-free dry weight) from periphytes (organisms attached to 
surfaces of plants and other objects) that range from 1.64 lbs/acre/day (0.148 
g/m2/day) in December to 2.91 lbs/acre/day (0.326 g/m2/day) in April, with 
an overall average of 2.27 lbs/acre/day (0.254 g/m2/day) (49). 

Al though high producti vi ty of the marshes results in large amounts of 
biogenic detritus for p;:>tential transp;:>rt to the estuary's aquatic habitats 
(bays), actual detrital transp;:>rt is dependent Up;:>n the episodic nature of the 
marsh inundation/dewatering process. The vast majority of primary production 
in the higher, irregularly-flooded vegetative zones may go into peak pr0-

duction and not be eXp;:>rted out of the marsh (27); however, it has been 
estimated that the lower, frequently-flushed vegetative zone characterized by 

. Spartina alterniflora eXp;:>rts about 45 percent of its net production to 
estuarine waters (208) •. 

In many coastal areas the production and nutritive contribution of emer­
gent vascular plants to the estuarine ecosystem is supplemented or even large­
ly replaced by vast submerged seagrass beds. This is particularly true for 
south Texas estuaries. An established seagrass corrmunity is highly pro­
ductive, provides valuable habitat (food and cover) to economically imp;:>rtant 
estuarine-dependent fish and shellfish, and stabilizes the rottom of the 
estuary. ( 158, 114). In the Guadalupe estuary, areal estimates of sul:rnerged 
vegetation range from 12,269 acres (4,965 hal to 16,350 acres (6,616 hal 
(245, 363). The average standing crop of submerged vegetation from 1971 to 
1974 has been estimated at 521 lbs/acre (584 kg/ha) in rorthern San Antonio 
Bay, 1,514 lbs/acre (1,697 kg/ha) in southern San Antonio and Mesquite Bay 
areas, 1,866 lbs/acre (2,092 kg/ha) in Espiritu Santo Bay, and 2,594 lbs/acre 
(2,908 kg/ha) in the Pass Cavallo area, with peak standing crops in all four 
areas occurring in spring (April-June) (245). Seagrass species present in the 
Guadalupe estuary are Halodule beaudettei (dominant), Ruppia maritima, and 
Halophila engelmanni. 

Marsh Nutrient cycling 

Functions of Delta Marshes in Nutrient Processes 

Deltaic and other brackish and salt marshes are known to be sites of 
biological productivity. Emergent macrophytes and blue-green algal mats serve 
to trap nutrients and sediment as flow velocities decrease. These nutrients 
are incorp;:>rated into the plant biomass during growth periods and are sloughed 
off and eXp;:>rted to the bay as detrital material during seasons of plant 
senescence and/or periods of inundation and increased flows into the open 
bay. 

Studies by Armstrong et al. (267), Dawson and Armstrong (271), Armstrong 
and Brown (270), and Armstrong and Gordon (268, 269) have been conducted to 
determine the role of the plants and deltaic sediments in nutrient exchange 
processes. Carron, nitrogen, and phosphorus exchange rates tend to follow 
seasonal patterns. In most cases these patterns' seem to be similar from 
species to species (Figures 6-1 through 6-7). The rates also appear .to be 
similar to those rates observed from similar plant types in other Texas 
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marshes. The order of magnitude of exchange rates appears to be very similar 
arrong the species for uptake or release of total organic carbon and nitrogen 
and phosphorus nutrients. Deltaic marshes are releasing total organic carbon 
year-round, with highest export rates occurring during winter and sumner. 
Total phosphorus is generally exported with the greatest rates also occurring 
in later winter and summer. Nitrate nitrogen and arrrnonia nitrogen are 
=ntinually absorbed while nitrite nitrogen and total Kjeldahl nitrogen are 
neither taken up nor released in sizable amounts. This general uptake of 
nitrogen tends to support the contention of Davis, Smith and Bishop (317) and 
Davis (316) that San Antonio Bay waters are nitrogen limited. 

Using C, N, and P exchange rates observed from a linear marsh rrodel 
containing a representative cross-section of marsh vegetation (269), an export 
of 11,000 to 17,000 kg/d TOC and up to 50 kg/d total IiJosphorus from the 
Guadalupe deltaic marshes can be expected during periods of continuous 
inundation. There is evidence that following a prolonged period of drying a 
sudden inundation event over the delta marshes will result in a short period 
of high nutrient release (271). This period, which may last for one or two 
days, is subsequently followed by a period where release· rates decrease 
rapidly until they begin to approach a seasonal equilibrium. Therefore, 
during periods of high river discharges and/or extremely high tides that 
immediately follow prolonged dry periods, the contribution of C, N, and P from 
the deltaic marshes to the estuarine waters can be expected to increase 
dramatically. 

Nutrient Contributions of the Guadalupe River Delta Marshes 

The marshes of the Guadalupe River delta are subject to periodic 
inundatiorJ/ and dewatering. Studies were conducted using a 
mathematical hydrodynamic rrodel of the Guadalupe River delta (45). Given a 
normal tide range of 1.8 - 2.2 feet above mean sea level (0.55 - 0.67 meters), 
the rrodel predicts less than two percent of the delta area will be inundated 
at discharges as great as 4,000 ft3/sec (113 m3/sec) and less than 10 
percent of the delta will be inundated at discharges up to 7,000 ft3/sec 
(198 m3/sec) (Table 6-10). The largest rate of increase for areal extent of 
inundation occurs at discharges between 7,000 and 10,000 ft3/sec (198-283 
m3/sec). A discharge of this latter magnitude can result in 22.4 percent of 
the delta being inundated. 

Similar magnitude discharges and a high tide (2.3 - 3.1 ft above mean sea 
level) (0.70 - 0.94 m) result in 61 percent areal extent of deltaic inundation 
at 4,000. ft3/'sec (113 m3/sec) and 76.6 percent inundation at 10,000 
ft3/sec (283 ffi3/sec). The nature of the delta topograpgy is such that as 
river discharges increase to 30,000 ft3/sec (850 ffi3/sec), the rrodel 
predicts inundation of only 40 percent of the deltaic area with normal tides 
and 84 percent at high tide conditions. 

Results of nutrient exchange studies conducted in the Guadalupe River 
delta marshes by Armstrong and Gordon (269) demonstrate that organic carbon is 

y Inundation is here defined as a layer of water at least 0.5 feet (0.15 m) 
deep remaining for a period of at least 48 consecutive hours. The dura­
tion of such a state is a function of river discharge, wind and tides. 

VI-22 



Table 6-10. Guadalupe Delta Inundation Study 

Peak Flood Flood 'Ibtal Inundation a/ 
Discharge Duration Volt.nne Discharge Percent Acres Hectares 

( ft3/sec) (d) (ac-ft) (ft3/sec Norm : • High "Norm : High Norm High 

"--~-- - ----
4,000 8 21,000 10,700 1.7 60.7 233.6 7,983.9 94.5 3,231.0 

7,000 20 85,750 43,300 8.9 71.5 1,170.6 9,404.4 473.7 3,805.8 

10,000 19 95,630 48,300 22.4 76.6 2,946.3 10,075.2 1,192.3 4,077.3 

15,000 14 171,500 86,590 31.4 80.3 4,130.0 10,561.9 1,671.4 4,274.3 

25,000 15 314,900 159,000 36.4 81.9 4,787.7 10,772.3 1,937.5 4,359.4 

~" 
30,000 19 359,700 181,650 39.8 84.1 5,234.9 11,061.7 2,118.5 4,476.5 

I ~ Inundation of 0.5 feet for 48 consecutive hours. 
---_._"-

IV 
w 'Ibtal marsh area subject" to inundation = 13,153 Acres. 



o:msistently exported at ratesll ranging from 2.95 to 4.44 kg/ha/d. It 
is likely that export rates during an inundation event following a prolonged 
dry period will be higher for at least 24 hours as suggested by Dawson and 
Armstrong (271). Export rates of greater than 12 kg/ha/d as were measured in 
the Lavaca River delta marshes (267) are likely during .the first hours of 
inundation. 

Calculations have been made to determine the contribution of TOC from the 
Guadalupe River delta that might be expected during flood events of various 
magnitudes and durations as predicted by the Guadalupe delta inundation model 
(Tables 6-11 and 6-12). To arrive at the figures four assumptions have been 
made: (1) these marshes function as do those of the Lavaca River delta and 
upon inundation the release rate of TOC is of similar magnitude to that 
measured in the Lavaca River delta, (2) this maximum rate of release (12.6 
kg/ha/d) (267) occurs simultaneously with the occurrance of the inundation 
event, (3) a 24-hour period is required for these rates to decline from an 
initial high value to a lower steady state condition of 3.75 kg/ha/d (mean of 
seasonal rates of TOe export reported by Armstrong and Gordon (269), and (4) 

. the decrease in this rate occurs as a linear algebraic function. After the 
initial 24 hours of the inundation event, the TOe export rate is considered to 
be relatively constant throughout the remainder of the event. 

Wetlands Processes 

The concept of the coastal zone as an area of general environmental con­
cern has come about only during the past decade or so. Landmark legislation 
along these lines includes the Coastal Zone Management Act of 1972 which 
enphasizes that " ••• it is the national policy to preserve, protect, develop, 
and where possible, to restore or enhance, the resources of the Nation's 
coastal zone for this and succeeding generations ••• " More recently, Executive 
Order 11990 of May 24, 1977, ordered federal agencies with responsibilities 
in, or pertaining to, the coastal zone to " ••• take action to minimize the 
destruction, loss, or degradation of wetlands, and to preserve and enhance the 
natural and beneficial values of wetlands ••• " 

In pursuit of this goal, the Texas Department of Water Resources has 
funded aerial photographic studies with the Texas A&M Remote Sensing Center to 
provide baseline characterization of key coastal wetlands in Texas in order to 
comparatively evaluate the various conponents of the marsh systems. The fol­
lowing description of the Guadalupe River delta is a by-product of seasonal 
aerial photographic studies conducted during the 1976 growing season (220). 

The lower Guadalupe River and its extensive deltaic marshes function in a 
relatively undisturbed fashion. Except on the eastern edge, where construc­
tion of the Victoria Channel has cut off a portion of Goff Bayou, and at 
various sites where there are now pastures and cultivat~d areas, the Guadalupe 
deltaic marsh is in a relatively natural state. The bulk of the river's out­
flow now passes through Traylor Cut into Mission Lake, rather than through the 
North and South Guadalupe River branches. The North Guadalupe is heavily 
infested with water hyacinth, further restricting the already reduced flow. 
This diversion of flow could affect the continued development and maintenance 

Y These rates were measured after several days of acclimation to a steady-
state seasonal condition. 
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Table 6-11. Export of TOtal Organic Carbon (roC) from the Guadalupe River Delta during Flood 
Events and Normal Tides <y 

-----
Guadalupe (ft3/sec) 4,000 7,000 10,000 15,000 25,000 30,000 

River Discharges 

Area of Delta Inundation -(hal : 95 474 1,192 1,671 1,938 2,119 

Inundation TOC Exchange 
Hour No. Rate (kg/ha/d) kg TOC 

1 12.5 50 247 621 870 1,009 1,104 
2 _ 12.1 48 239 601 842 977 1,068 
3 11 .7 46 231 581 815 945 1,033 
4 11 .3 45 223 561 787 912 998 
5 10.9 43 215 541 759 880 962 
6 10.4 41 205 517 724 840 918 
7 10.0 40 198 497 696 808 883 
8 9.6 38 190 477 668 775 848 
9 9.2 36 182 457 641 743 812 

10 8.9 35 176 442 620 719 786 • 
11 8.5 34 168 422 592 686 750 
12 8.1 32 160 402 564 654 715 
13 7.7 30 152 382 536 622 680 
14 7.3 29 144 363 508 589 645 
15 6.9 27 136 343 480 557 609 
16 6.5 26 128 323 453 525 574 
17 6.1 24 120 303 425 493 539 
18 5.7 23 113 283 397 460 503 
19 5.3 21 105 263 369 428 468 
20 4.9 19 97 243 341 396 433 
21 4.5 18 89 224 313 363 397 
22 4.1 16 81 204 285 331 362 
23 3.7 15 73 184 258 299 327 
24 3.7 15 73 184 258 299 327 

TOtal TOC Exported during 1 st day (kg) 

751 3,745 9,418 13,201 15,310 16,741 

TOC Export following 1st day 
(kg/d) 

352 1,754 4,410 6,183 7,171 7,840 

25- 00 3.7 

7RiIDge 1.8--2.2 feet arove mean sea level 
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Table 6-12. Export of Total Organic Carbon (TOe) from the Guadalupe River Delta during Flood 
Events and High Tides 51 
----------------------------------------------------------------. . . . . . . . 

Guadalupe (ft3/sec) 4,000 7,000 10,000 15,000 25,000 30,000 
River Discharges __ ~ _____ ~ _____ :... 

Area of Delta Inundation (ha): 3,231 : . 3,806 4,077 4,274 4,359 4,477 . . . . . . . ...... . Inundation--'K(:-E-xchange------------------------'--------------------------.-----
Hour No. : Rate (kg/ha/d) _u___ kg TOe _____________ u ______ uu 

1 
2 
3 
4 
5 
'6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19· 
20 
21 
22 
23 
24 

25- 00 

12.5 
12.1 
11 .7 
11 .3 
10.9 
10.4 
10.0 
9.6 
9.2 
8.9 
8.5 
8.1 
7.7 
7.3 
6.9 
6.5 
6.1 
5.7 
5.3 
4.9 
4.5 
4.1 
3.7 
3.7 

3.7 

1,683 
1,629 
1,575 
1,521 
1,467 
1,400 
1,346 
1,292 
1,239 
1 , 198 
1,144 
1,090 
1,037 

983 
929 
875 
821 
767 
714 
660 
606 
552 
498 
498 

:25,524 

:11,955 

1,982 
1,919 
1,855 
1,792 
1,729 
1,649 
1,586 
1,522 
1,459 
1 ,411 
1,348 
1,285 
1,221 
1,158 
1,094 
1,031 

967 
904 
840 
777 
714 
650 
587 
587 

2,123 
2,055 
1,988 
1,920 
1,852 
1,767 
1,699 
1,631 
1,563 
1,512 
1,444 
1,376 
1,308 
1,240 
1,172 
1,104 
1,036 

968 
900 
832 
764 
696 
629 
629 

2,226 
2,155 
2,084 
2,012 
1,941 
1,852 
1,781 
1,710 
1,638 
1,585 
1,514 
1,442 
1,371 
1,300 
1,229 
1,158 
1,086 
1,015 

944 
873 
801 
730 
659 
659 

2,270 
2,198 
2,125 
2,052 
1,980 
1,889 
1,816 
1,744 
1,671 
1,616 
1,544 
1,471 
1,399 
1,326 
1,253 
1 , 181 
1,108 
1,035 

963 
890 
817 
745 
672 
672 

Total TOe Exported during 1st day (kg) 

30,067 32,208 33,765 34,437 

TOe Exported following 1st day 
(kg/d) 

14,082 15,085 15,814 16,128 
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2,332 
2,257 
2,183 
2,108 
2,033 

. 1,940 
1,865 
1,791 
1,716 
1,660 
1,586 
1,511 
1,436 
1,362 
1,287 
1,213 
1,138 
1,063 

987 
914 
839 
765 
690 
690 

35,366 

16,56~ 



of the lower deltaic rrarsh, depriving that area of nuch of the OITerflow which 
it would otherwise receive. 

The long-range condition of the wetlands environment will be considerably 
affected by the kinds of decisions which are rrade OITer the next few years. 
The proper envirorurent would, in the case of the deltaic rrarshes, be ooe in 
whim there is a healthy seasonal cycle of emergence-to-maturation-to-senes­
cence-to-detrital utilization. Acre for acre, the wetlands are the most pro­
ductive areas on earth. Therefore, the direct and indirect impacts of water, 
power, and navigational development, oil and gas production, and expansion of 
agricultural and cattle-raising activities in the coastal zone should be of 
consuming interest. 

Surrmary 

The rrarshes of the Guadalupe River delta are subject to periodic inunda­
tion during periods of increased river flows. An initial period occurs ex­
hibiting high rates of organic carbon and organic nitrogen export (both 
particulate and dissolved). After this initial pulse of rraterial is flushed 
out, the steady state exchange rates appear to be slightly greater than those 
observed in the Lavaca River delta rrarshes. Pulses of increased freshwater 
discharge and the resulting deltaic inundation appear to be important 
mechanisms contributing to increased nutrient transport from the marshes to 
the estuary. 

Aerial photographic studies of the Guadalupe River delta have provided an 
insight into oo-going wetland processes. These deltaic rrarshes function in a 
relatively undisturbed fashion. The bayous provide the necessary outlets for 
overflow and, at the same time, serve to duct water throughout the rrarsh 
system. Although the Guadalupe" deltaic system is in a relatively "natural n 

state, the long-range condition of the wetlands environment will be consider­
ably affected by the kinds of decisions which are rrade OITer the next few years 
with regard to water, power, navigational development, oil and gas production, 
and expansion of agricultural and cattle-raising activities. 
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CHAPTER VII 

PRIMARY AND SECCNDARY my PRODUcrION 

Introduction 

A large mnnber of environmental factors interact to govern the OI7erall 
biological productivity in a river fed, embayment-type system such as the 
Guadalupe estuary. In order to describe the "health" of an estuarine ec0-

system, the food-web and its trophic levels (e.g., primary and secondary my 
Production) must be rronitored for a long enough period to establish season­
ality, distribution of production, and rorrmunity rollqJOsition. Erological 
variables which were studied and are discussed herein include the abundance 
(counts per unit volume or area), distribution, and species CDIIqJOsition of the 
phytoplankton, zooplankton, and the benthic invertebrates. 

All biological rorrmunities are energy-nutrient transfer systems and can 
vary only within certain limits regardless of the species present. In a much 
simplified sense, the basic food supply (primary production) is determined by 
a number of photosynthetic species directly transforming the sun's energy into 
bianass that is useful to other members of the biological rorrmunity not cap­
able of photosynthesis. Thus, the roncept of primary and secondary product­
ivity emerges. Fundamentally, primary productivity represents the autotrophic 
fixation of carbon dioxide by photosynthesis in plants; serondary productivity 
represents the production of herbivorous animals which feed on the primary 
production rollqJOnent. The integrity of biological systems then stems mainly' 
from the nutritional interdependencies of the species ronposing them. These 
interdependencies form a functional trophic structure within the estuary 
(Figure 7-1). 

The phytoplankton (free-floating plant cells) form a portion of the mse 
of this trophic structure as primary producers., Estuaries benefit from a 
diversity of phytoplankton by experiencing virtually year-round photosynthesis 
and production. Shifts in rorrmunity rollqJOsition and replacement of many 
species throughout the seasonal regime provide an efficient adaptation to 
seasonal changes in biotic and abiotic factors. Secondary production evolves 
as the phytoplankton producers are ronsumed in turn by the zooplankton (tiny, 
suspended or free-floating animals) and filter-feeding fishes; planktonic 
detritus is also utilized by many benthic invertebrates. 

Characteristically, each estuary has identifiable phytoplankton, zoo­
plankton, and benthic rorrmunities. Since these organisms respond to their 
total environment in a relatively short time-span, they can be employed as 
"indicators" of primary and secondary production, especially in the open my 
areas. Therefore, the main objectives of this analysis are to describe the 
community CDIIqJOsition, distribution, density, and seasonality of the following 
illqJOrtant eoological groups: phytoplankton, zooplankton, and benthic inverte­

, brates. 

Data presented in this report for'~ch of the lower food chain categories 
(i.e., phytoplankton, zooplankton, and benthos) were obtained from a Texas 
Parks and Wildlife study (248) ronducted under interagency rontract with the 
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Figure 7-1. Estuarine Food-Web Relationships Between 
Important Ecological Groups (65) 
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Texas Department of Water Resources. The objectives of the study were: (1) to 
determine standing crops and species conposi tion of the P1ytoplankton, zoo­
plankton, benthos and nekton assemblages of the San Antonio Bay system; and 
(2) to determine how freshwater inflows and water quality of the San Antonio 
Bay system affect these assemblages. 

Hydrological parameters were monitored on a monthly basis at 25 sites 
from March through October 1972 (Figure 7-2). From November 1972 through July 
1973, monthly hydrological samples were collected from 21 of the original 
sites. Hydrological measurements were taken on a nonthly basis at 11 sites 
and on a semi-monthly basis at 8 sites, from August 1973 through July 1974. 
Salinity, dissolved oxygen, water temperature, turbidity, and r:fl were deter­
mined for each sample. 

Phytoplankton samples were collected twice a nonth from 10 line-sites 
throughout the San Antonio Bay system from October 1973 through July 1974. 
Chlorophyll a measurements were determined for 16 sites twice nonthly from 
January through July 1974. 

Zooplankton samples were collected from 12 sites on a nonthly basis dur­
ing the first six nonths of the study; during the following 11 months, samples 
were collected from 15 sites once a nonth and from 8 sites twice anonth. The 
change to a semi-monthly sampling schedule was made to obtain more data during 
a greater variety of river flow conditions. Benthos samples were collected 
from 21 sites from April 1972 through July 1974. 

For convenience in data handling, the study area was divided into three 
regions (Figure 7-2). Sites 214-2, 225-2, 236-2, 243-2, 243-4, 243-7, and 
243-9, including Guadalupe and Hynes Bays, conprised Region 1. Region II, 
middle San Antonio Bay, included sites 264-2, 264-3, 264-5, 264-10, 274-1, 
274-2, 274-3, 274-5, 287-1, 287-2, 287-5, and 287-8. Region III, Espiritu 
Santo Bay and the lower portion of San Antonio Bay south of the Intracoastal 
Waterway, included sites 291-1, 291-4, 294-2, 302-2, 302-4, and.307-6. 

Phytoplankton 

Data Collection 

According to Matthews et al. (248), six divisions represented bV a rrunl­
mum of 60 taxa were collected in the San Antonio Bay system from October 1973 
through July 1974: Chrysophyta - golden-brown algae (24 taxa); ChloroP1yta -
green algae (16 taxa); Pyrrophyta - dinoflagellates (8 taxa); CyanoP1yta -
blue-green algae (6 taxa); Euglenophyta - euglenoids (4 taxa); and CryptOP1yta, 
(2 taxa). The dominant numerical division in San Antonio Bay was CryptOP1yta 
(e.g., P1ytoflagellates and Chroamonas sp.), fOllowed bV ChloroP1yta, Chryso­
phyta, Cyanophyta, Euglenophyta, and Pyrrophyta, respectively (Figure 7-3). 
It may be of interest to rote that many of the species' collected, especially 
the Chlorophyta, were considered to be freshwater forms. 

Phytoplankton concentrations in a single sample from the San Antonio Bay 
study ranged from 252,480,000 cells/l at site 274-5 in February 1974 to 50,000 
cells/l at site 243-9 in October 1973. The highest mean standing crop for the 
study was 20,270,000 cells/l which occurred at Region II site 274-5; the low-
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est mean standing crop was 4,080,000 cells/l occurring at site 274-2, also in 
Region II. Spring and summer IIOnths of 1974 (February-March and June) pro­
duced the highest phytoplankton densities (Figure 7-4). Mean IIOnthly den­
sities ranged from 363,000 cells/l in October 1973 in Region I to 38,074,000 
cells/l in February 1974 also in Region 1. ' 

The average percent composition b¥ biomass of the IIOre prominent plankton 
species is sham b¥ region for the San Antonio Bay system (Table 7-1). The 
group of unidentified chlamydollOnoids (green algae) was ubiquitous throughout 
the study period. The second IIOSt abundant species, Ankistrodesmus convoluta, 
also a green algae, was prominent in late winter samples. Chroorronas sp. 
maintained relatively high populations throughout the study period but reached 
maximum densities in late winter, as did Chlorella sp. arid Westella botry­
oides. 

Results of Analyses 

San Antonio Bay phytoplankton densitites observed during the TPWD study 
were high in comparison to other marine areas and estuaries of Texas. Mean 
standing crop for the study period was 8,875,000 cells/I. Moseley et al. (20) 
stated that phytoplankton densities of 730,000 cells/l occurred in Cox Bay, 
while Espey, Huston and Associates (47) reported Iilytoplankton densities of 
133,000 cells/l from Sabine Lake. 

Seasonally, phytoplankton densities and chlorophyll a measurements 
appeared to fluctuate independently of one another (Figure 7-5). Peaks in 
mean IIOnthly Iilytoplankton crops occurred in February, March, and June 1974; 
lowest numbers occurred in January and April 1974. Mean IIOnthly chlorophyll a 
measurements were fairly consistent throughout the study period with one peak 
occurring in February. 

The green and blue-green algae collected are representative of typical 
forms found in freshwater reservoirs in the southwestern United States. 
Diatans and dinoflagellates are a mixture of freshwater forms, plus brackish 

, and marine species which are frequently found in coastal areas of the Gulf of 
Mexico. 

Correlation analyses of river inflow versus phytoplankton counts per 
Ii ter performed b¥ the TPWD were not statistically significant (Ct > 0.05). 
Freshwater inflows from river sources act to import freshwater Iilytoplankton 
species into the estuarine system. This input may be substantial as evidenced 
by the high average Iilytoplankton densites for Regions I and II, as corrpared 
to Region III. Although river flows function to lower salinities and to 
transport nutrients, detritus, and dissolved organic materials into the bay, 
the rate of river flow through an estuary can have contrasting effects. More 
nutrients and freshwater plankton may be imported to the system with increased 
flow rates thus increasing standing crops 'and primary production. At very 
high flow rates or flood conditions, however, the high turbidities; salinity 
changes, and flushing out of indigenous populations may depress Iilytoplankton 
abundance and productivity. Comparing the average IIOnthly gaged and ungaged 
flows into the San Antonio Bay system to IIOnthly Iilytoplankton densities 
during the study period, peak phytoplankton populations occurred after 
moderate pulses of flow (Figure 7-6). 
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Table 7-1. Percent Composition by Biomass of Dominant Phytoplankton Species 
in the San Antonio Bay System, October 1973 - July 1974 

Region !Y' Species :Percent Composition !y 

Region I 

Region I! 

Region II! 

All Regions 

Chlamydomonoid 
Chlorella sp. 
Chroorronas sp. 
Ankistrodesmus convoluta 
Westella botryoides 
Navicula sp. 

Chlamydomonoid 
Ankistrodesmus convoluta 
Chroorronas sp. 
Chlorella sp. 
Westella botryoides 
Navicula sp. 

Ankistrodesmus convoluta 
Chroorronas sp. 
Eutreptia sp. 
Amphidinium sp. 
Merismopedia sp. 
Chlamydomonoid 

Chlamydomonoid 
Ankistrodesmus convoluta 
Chroorronas sp. 
Chlorella sp. 
Eutreptia sp. 
Westella botryoides 

-a/ Refer to Figure 7-2 for location of Regions I, II and III. 
b/ Total Phytoplankton Biomass = 100% 
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37.5 
17.1 
8.9 
8.6 
5.6 
4.4 

-82.1 

31.8 
18.0 
12.4 
8.3 
5.5 
4.3 

80.3 

21.6 
14.4 
14.2 
9.6 
8.5 
8.4 

76-:7 

22.9 
17 .9 
12.7 

7.5 
6.1 
5.9 
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Phytoplankton species vary markedly in ability to withstand changes in 
salini ty. Accurate halobion classification of rrost species found in San 
Antonio Bay is impossible due to insufficient culture experimentation on 
salinity optima and tolerances. Chu (22) notes that although cell division 
can continue in freshwater for rrost estuarine species, most freshwater species 
cannot graw in salinities exceeding 2.0 ppt. Foerster (58) finds, hCMever, 
that many freshwater species can resume grawth after exposure to seawater if 
placed in a freshwater medium. 

Estuarine plankton are divided by Perkins (174) into three components: 
u (1) autochthonous populations, the permanent residents; (2) temporary auto­
chthonous populations, introduced from an outside area by water movements, are 
capable of limited proliferation only and are dependent upon reinforcement 
from the parent populations; and (3) allochthonous populations, recently 
introduced from freshwater or the open sea, are unable to propagate and have a 
limi ted survival potential. U The San Antonio Bay system supports a phyto­
plankton population derived from the entire range described above. The 
Euglenophyta (e.g., Euglena sp. and Trachelorronas sp.) are representative of 
the permanent autochthonous populations. Temporary autochthonous species 
include diatoms, e.g., Skeletonema· costatum and Chaetoceros spp., and dino­
flagellates. The allochthonous element is difficult to define but is probably 
represented by diatoms and green algae derived from fresh and marine environ­
ments. 

The seasonal changes in salinities and temperature in the San Antonio Bay 
study appeared to relate only weakly with phytoplankton standing crops. This 
implies, perhaps, that there are a combination of primary seasonal controlling 
factors of San Antonio Bay phytoplankton. Although typical phytoplankton 
populations appear to be primarily influenced by temperature, salinity, and 
availability of nutrients, each species' presence arid density is governed by 
physical, chemical, and biological parameters operating simultaneously. 

Zooplankton 

Data Collection 

According to Matthews et al. (248) , a total of 162 ·zooplankton taxa 
representing 12 phyla were identified from 415 samples collected during the 
29-month study. The rrost prominent phylum was the Arthropoda, which accounted 
for 67 percent (109 taxa) _of the species identified. The. chordates and roti­
fers each accounted for 6 percent (9 taxa); the protozoans, cnidarians, and 
annelids each for 5 percent (8 taxa); platyhelminthes for 2 percent (4 taxa); 
and ctenophores, nematodes, and ectoprocts each for one percent. The fresh­
water zooplankton assemblages included such organisms as the cyclopoidcope­
pods of the genus Cyclops and cladoceran water fleas of the genus Daphnia. 
The brackish or estuarine species were commonly represented by calanoid cope­
pods Acartia tonsa, Paracalanus crassirostris, and Pseudodiaptornus coronatus, 
or the cyclopoid copepod Oithona brevicornis. Marine· species from the neritic 
Gulf waters were represented by calanoid copepods Centropages harnatus and 
Labidocera aestiva, the bioluminescent dinoflagellate Noctiluca scintillans, 
and the chordate larvacean genus Oikopleura. 

Average zooplankton standing crops (reported in individuals/m3 ) in 
Region I ranged from 400 to 25,000 during 1972 (beginning in March), from 140 
to 14,000 in 1973, and from 100 to 17,000 in 1974 (through August). .Ranges 
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for the identical periods in Region II were 6,200 to 21,000,100 to 47,000, 
and 1,000 to 34,000. Region III averages for the identical periods ranged 
from 4,000 to 20,000, from 250 to 60,000 and from 300 to 38,000, respectively. 
Observed trends in zooplankton populations were similar in Regions II and 
III. 

Zooplankton populations illustrated greater seasonal fluctuations than 
phytoplankton. Peaks in standing crops occurred during the early spring of 
each year of the study (Figure 7-7). Averages, shCMing tremendous variation 
over short periods of time -- up to two orders of magnitude - became evident 
when the semi-monthly sampling schedule was started. The mean monthly density 
for all stations ranged from 820 indi viduals/m3 in June 1973 to 46,296 
individuals/m3 in February 1973. 

The zooplankton oommuni ty of the San Antonio Bay system can be summarized 
as follCMs: 

1. Acartia tonsa - calanoid oopepod. 
2. Immature barnacles - barnacle nauplii and barnacle cyprids. 
3. Immature oopepods - naupliar larvae and oopepodities. 
4. Gastropod- veligers. 
5. Other oopepods - all Copepoda with the exception of Acartia sp., 

such as £i.cl~ sp., Oithona sp., and Paracalanus sp. 
6. Others - protozoans, acoel worms, polychaetes, rotifers, and 

ectoprocts. 

The overall mean percentage oonposi tion I:ty biomass for these groups in 
the San Antonio Bay system during the study periOd is shCMn in Table 7-2. 
The predominance of the oopepod, Acartia tonsa, and the barnacle nauplii was 
evident in all three regions (Table 7-3).· These two groups oorrprised over 80 
percent of the biomass of each region for the entire study period. 

Results of Analyses 

Estuarine zooplankton actually represent two separate categories: the 
holoplankton and the meroplankton. Holoplankton are true zooplankton that 
spend their entire life cycle as animal plankton (e.g., copepods, cladocerans, 
larvaceans, chaetognaths, and ctenophores). Meroplankton, hCMever, represent 
only certain life stages of animal species that are otherwise not oonsidered 
planktonic (e.g., larval stages of barnacles, oysters, shrimp, crabs, and 
fish). 

Many zooplankton species found in the San Antonio Bay estuarine system 
are widely distributed along the ooasts of the United States, while others may 
even have a worldwide distribution. For example, Green (65) reports that 
Acartia tonsa may be found in the Central Baltic Sea area; Centropaqes hamatus 
has been oollected in British waters and in the Gulf of Bothnia in the Baltic 
Sea; and Brachionus quadridentata is also knCMn from points as distant as the 
Aral Sea of Russia. 

Other zooplankton studies oonducted in estuaries and bays along the Gulf 
of Mexioo have produced similar results to the T~ San Antonio Bay study. 
Gilmore et al. (200) has reported that naupliar larvae and calanoid oopepods 
were the dominant zooplankton forms in the Lavaca Bay estuarine system. This 
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Table 7-2.. Mean Percentage Representation by Biomass of the Zooplankton in the 
San Antonio Bay System, March 1972 - July 1974 

Zooplankton Region I a/ Region II Region III 

(percent) 

Acartia tonsa 70.0 52.0 50.1 

Immature barnacles 11.4 45.4 45.8 

Immature copepods 3.3 0.9 1.7 

Gastropod veligers 5.2 0.5 0.5 

Other copepods 4.5 0.4 0.2 

Others 5.6 0.8 1.7 

Total Zooplankton 100.0 100.0 100.0 

!!I Refer to Figure 7-2 for location of Regions I, II, and III. 
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Table 7-3. Percent Composition by Biomass of Dominant Zooplankton Species in 
the San Antonio Bay System, March 1972 - July 19·74 

Region !y Species Percent Composition BI 

Region I 

Region I! 

Region II! 

All Regions 

Acartia tonsa 
Barnacle nauplii 
Gastropod veligers 
Copepod nauplii 
Cyclops sp. 
Acoel wonn 

Acartia tonsa 
Barnacle nauplii 
Copepod nauplii 
Barnacle cypris 
Gastropod veligers 
Diaptomus sp. 

Acartia tonsa 
Barnacle nauplii 
Copepod nauplii 
Gastropod veligers 
eyphonautes larvae 
Barnacle cypris 

Acartia tonsa 
Barnacle nauplii 
Copepod flauplii 
Gastropod veligers 
Barnacle cypris 
Cyclops sp. 

a/ Refer to Figure 7-2 for location of Regions I, II, and III. 
Y Total Zooplankton Biomass = 100 percent 
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70.0 
11.3 
5.2 
3.0 
2.2 
2.0· 

93.7 

52.0 
45.0 
0.9 
0.8 
0.5 
0.2 

99.4 

50.1 
45.3 

1.7 
0.5 
0.5 
0.4 

98,S 

54.5 
38.9 

1.5 
1.3. 
0.6 
0.5· 
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study is in agreement with zooplankton studies in Sabine Lake (336, 47) and 
Nueces, Corpus Christi, Copano, and Aransas Bays (281). 

Maximum and minimum total mean monthly densities in San Antonio Bay were 
also similar to results from the studies mentioned above (Table 7-4). 

Zooplankton densities in San Antonio Bay are oorrpared with oombined 
(gaged and ungaged) river infloo in Figure 7-8. High floo rates in May-June 
1972, June-July 1973, October 1973, and January-February 1974 were acoonpanied 
by 100 zooplankton standing crops. Conversely, zooplankton blooms in December 
1972-January 1973 and April 1974 occurred during periods of 100 floo. How­
ever, no statistical oorrelations were disoovered cetween these parameters. 

Freshwater infloo can influence zooplankton in several ways. Estuarine 
zooplankton standing crop oomposition can be altered ~ importation of fresh­
water species. Infloo can also transport zooplankton food resources into the 
system in the form of phytoplankton and detritus; hooever, zooplankton 
conrnunities may also be adversely affected ~ increased river infloos. Sudden 
shifts in salinity and flushing out of autochthonous populations can decrease 
zooplankton populations. . Perkins (174) reports that the primary factor 
influencing the romposition and abundance of estuarine zooplankton is develop­
ment rate versus flushing time. For example, Holland et al. (281) stated that 
freshwater infloo/salinity changes had a direct effect on the standing crop of 
brackish-marine zooplankton and freshwater zooplankton in adjacent estuarine 
systems of the Corpus Christi Bay romplex. In all cases the result was the 
same, a decrease in the standing crop of brackish-marine zooplankton and an 
increase in freshwater zooplankton whenever infloos were great and salinities 
depressed. Saltwater intrusions, on the other hand, act to (1) import marine 
zooplankton into the system; (2) import marine phytoplankton as a food source; 
and (3) increase salinity. 

The impact of freshwater infloo on zooplankton di versi ty and standing 
crops was evident in the three bay regions of the San Antonio estuarine 
system. Acoording to the TPWD study (248), diversity in Region I, closest to 
the river's IlDUth, was directly related to the rate of river floo; diversity 
changes were closely allied with the presence or absence of freshwater taxa. 
Region II, middle San Antonio Bay, represented an area of oonsiderable mixing 
of water masses and zooplankton. The effects of river infloo in this region 
were not as pronounced as in Region I but were still strong. The zooplankton 
community of Region II oonsisted mainly of brackish water species and species 
preferring IlDre saline waters. Floods tended to decrease the average diver­
sity per site in this area. 

In oonclusion, Matthews et al. (248) states that heavy flooding reduced 
both the di versi ty and standing crop of the zooplankton assemblage" of San 
Antonio Bay. The recuperation period was short, hooever, and populations 
increased rapidly throughout IlDSt of the bay when salinities returned to their 
seasonal norms. 

The dominant zooplankton of the system, Acartia tonsa, was nearly ubiqui­
tous throughout the salinity/temperature ranges (Table 7-5). The looest 
catches occurred under extreme ronditions such as 100 salinity/loo temperature 
and high salinity/high temperature. Acartia tonsa has an extremely wide range 
of salinity tolerance. Populations of this ropepod have been rollected at 
salini ties from 10-80 ppt in the Laguna Madre ~ Hedgpeth ( 95 ) and at 
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Table 7-4. Range of Mean Monthly Zooplankton Densities (individuals/m3) 

Systan Minimum Maximum . . --------_.-
Nueces Bay (281) 832 (Oct. 1973) 8,027,855 (Feb. 1974) 

Corpus Christi Bay (281) 1,722 (Dec. 1972) 53,657,037 (Mar. 1973 ) 

Copano Bay (281) 1,296 (Sept. 1974) 53,536 (Feb. 1973 ) 

Aransas Bay (281) 2,497 (Dec. 1972) 3,008,679 (Feb. 1974 ) 

Sabine Lake (47) 381 (Apr. 1975) 20,042 (Oct. 1974) 

Lavaca Bay (250) 1,980 (Oct. 1973) 27,846 (Feb. 1974 ) 

San Antonio Bay (248) 820 (June 1973) 46,296 (Feb. 1973) 

-----_._-----,-------,---_._--
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Table 7-5. Distriootion, of Acartia tonsa l¥ salinity and Terrperature Ranges, San Antonio Bay, March 1972 - July 1974 

------- Water Temperature (Degrees Cent[grcide) ------
Salinity O. 3.- 6.- - 9.- 12.- 15. , 18. 21. 24. 27. -30. 33. 

~----- 3. 6. 9. 12. 15. 18. 21. 24. 27. 30. 33. 36. 

0.-4. Samples 1 9 24 18 13 41 47 9 1 
Occurrences 1 8 23 14 11 33 38 8 1 
Avg. catch EI 3 716 1429 68 992 1561 2398 2294 2601 

4.-8. samples 8 16 5 5 9 21 2 
Occurrences 6 16 2 5 '9 20 2 
Avg. catch 357 4891 1502 15332 15491 13275 10611 

8.-12. Samples 3 1 8 10 2 11 11 3 
Occurrences 3 1 3 8 2 10 11 3 
Avg. Catch 4907 11660 997 7593 2982 6558 10584 21834 

12.-16. . Samples 1 1 5 4 5 3 11 4 1 
Occurrences 1 1 5 4 4 2 11 4 1 
Avg. Catch 2188 2545 4356 2873 4490 3672 8630 13910 4501 

16.-20. Sarnples 1 4 2 1 8 6 3 1 1 
Occurrences 1 4 2 1 5 6 3 1 1 
Avg. Catdl 1280 3918 3823 957' 4469 3351 3624 5580 7180 

20.-24. Sarnples 3 1 1 5 2 3 
Occurrences 3 

,. 1 5 1 3 
Avg. Catch 1593 1473 2932 3087 1477 3413 

24.-28. Samples 1 3 2 5 1 2 1 
Occurrences 1 3 2 5 1 1 1 
Avg. catch 2408 1436 2531 5993 4416 2465 2414 

28.-32. Samples 1 1 2 1 
Occurrences 1 1 2 1 
Avg. Catch 5751 2330 2950 7784 

32.-36. Samples 
Occurrences 
Avg. Catch 

36.-40. Samples 
Occurrences 
Avg. Catch 

~ Average catch is expressed 1n individuals 7m3• -------------------------------
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salinities less than 2 ppt to over 30 ppt in Louisiana estuaries by,Gillespie 
( 141 ). Greatest densities of the seoond !fOst prominent zooplankton, the rrero­
planktonic barnacle nauplii, occurred in the cool, higher salinity waters of 
the winter, which oorresponds to the period of peak spawning activity of the 
barnacle (Table 7-6). 

Seasonal abundances of zooplankton and phytoplankton in San Antonio Bay 
are illustrated in Figure 7-9. Relationships between zooplankton and phyto­
plankton oomnunities (predator/prey) are difficult to establish. Peak zoo-­
plankton densities occurred in January and March-April while phytoplankton 
populations were depreSSed. From the limited data available it is rot pos­
sible to determine if a correlation exists between these populations. 

Because the species in an area can vary in density and species predom­
inance as well as fluctuate seasonally during the year, reliable conclusions 
on the plankton populations of an. area can only be drawn on the basis of 
long-term investigations with regular catches. . 

Benthos 

Data Collection 

Acoording to Matthews et al. (248), a total of 70,254 organisms repre­
senting 128 species in 8 phyla were identified from 454 benthic samples 001-
lected during the 28-rronth TFWD study. Of this total, 24,754 (35 'percent) 
organisms representing 31 species were oollected from Region 11 36,586 (52 
percent) organisms representing 69 species were oollected from Region III and 
from Region III, the highest salinity area, only 8,914 (.12 percent) organisms 
representing 92 species were oollected. The rrost prominent phyla was the 
Mollusca which acoounted for 42 percent (54 taxa) of the species identified, 
followed by the Arthropoda with 28 percent (36 taxa), and the Annelida with 23 
percent (30 taxa). The chordates acoounted for 3 percent (4 taxa), and the 
platyhelminthes, nematodes, nemertines, and echinoderms each for one percent 
(one taxon). 

The rrean number of benthos (reported in organisms/m2) ranged from 450 
'(September 1972) to 6,550 (June 1973) in Region I, from 270 (October 1973) to 
7,350 (May 1973) in Region II, and from 120 (August 1973) to 2,030 (July 
1974). The average density for the entire study period was 169 
organisms/m2• Regions I and II were 3 to 4 times as productive as Region 

, III. The mean rronthly density for all stations ranged from 59.25 
organisms/m2 in January 1974 to 521.43 organisms/m2 in May 1973. 

Benthic populations varied seasonally with high spring/summer and low 
fall/winter standing crops (Figure 7-10). The iargest. number of species 
occurred in the lower, rrore saline areas of Region III and the smallest milnber 
in the upper, low salinity areas of Region I. 

Molluscan gastropods and bivalves were rrost prominent in the low salinity 
waters of the upper bay, while the annelids appeared to prefer the !fOre saline 
waters of Region III. Biomass values for the other groups were similar from 
region to region (Table 7-7). 
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Table 7-6. Distribution of Barnacle Nauplii 

"" 
salinity and Temperature Ranges, San Antonio Bay. March 1972 - July 1974 

, Water Te~rature (~rees Centi9rade) 
Salinity ---O:=--3":-..:----c:-.: 9. 12. 15. 18. 21.- 24.- --27::-:~':-:-:IT:-=--------

(EEt) 3. 6. 9. 12. 15. lB. 21. 24. 27. 30. 33. 36. 

0.-4. Samples 1 9 24 lB 13 41 47 19 1 
Occurrences 0 9 21 B lB 16 17 2 1 
'vg. catdl !y 0 24B 1009 154 120 477 36 B5 7 

4.-8. Samples B 16 5 5 9 21 2 
Occurrences 6 16 2 5 9 19 2 
Avg. catch 1652 8520 6BB 2710 2024 1031 B9 

8.-12. Samples 3. 1 B 10 2 11 11 3 
Occurrences 3 1 3 B 2 9 11 3 
Avg. catch 3973 23200 443 5508 3788 2707 1973 662 

12.-16. Samples 1 1 5 4 5 3 11 4 1 
Occurrences 1 1 5 4 4 2 11 4 1 
Avg. catch 1837 4845 4536 6190 4181 1218 564 2738 1913 

16.-20. Sarrples 1 4 2 1 B 6 3 1 1 
Occurrences 1 4 2 1 5 6 3 1 1 
Avg. Catch 10290 17360 29330 3B 4111 2602 6B7 209 265 

20.-24. Sarnples 3 1 1 5 2 3 
Occurrences 3 1 1 5 1 3 
Avg. catch 5577 14860 70540 10482 Bl0 1099 

24.-28. Samples 1 3 2 5 1 2 1 
Occurrences 1 3 2 5 1 1 1 
Avg. Catch 2187 1471 49090 34600 119 394 4752 

28.-32. Sarnples 1 1 2 1 
Occurrences 1 1 2 1 
'vg. catch 11050 86920 59094 6269 

32.-36. Samples 
Occurrences 
Avg. Catch 

36.-40. samples 
Occurrences 
'vg. Catch 

E7 Average catch is expressed In lndlvlduaf5,7m3• 
-------------------------------------
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Table 7-7. Mean Percentage Representation by Biomass of Benthos in the San 
Antonio Bay System, March 1972 - July 1974 

------

Zooplankton Region I 21 Region II Region III 
----_._---

(percent) 

Molluscan gastropods 52.4 48.1 3.6 

Molluscan bivalves 31.5 13.4 17.6 

Annelids (polychaetes 10.3 37.6 76.9 
and oligochaetes) 

Arthropod crustaceans 3.3 0.1 0.1 

Nemertines 0.2 0.6 1.6 

Insect larvae 2.0 0.1 0.1 

Others 0.3 0.1 0.1 

Total Benthic Biomass 100.0 100.0 100.0 
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The six IIDst prominent, taxa in each region and for the entire bay system 
are shown in Table 7-8. It is apparent from these tables that the IIDlluscan 
gastropod Littoridina sphinctostoma was IIDst abundant and nearly ubiquitous 
throughout the system, followed by the polychaete worm Mediomastus 
californiesnsis and the IIDlluscan pelecypod Rangia cuneata. Certain species 
like Littoridina sphictostoma, Rangia cuneata, and Hypaniola gunneri floridus 
attained the highest numbers in the upper, low salinity regions, while species 
such as Mediomastus californiensis and Streblospio beneditci seemed to prefer 
the higher salinity waters of the lower bay. Although the lowest number of 
species were taken from Regions I and II, these lower salinity areas clearly ,-
had the largest benthic biomass. 

Mudshell dredging and silt IIDvement produced by dredging operations 
strongly affected stations 264-3, 274-3, 274-5, 287-5, and 287-8 in Region II. 
Dredging operations produced a bottom substrate unfavorable for benthic 
organisms. 

Results of Analyses 

Benthic organisms are generally ronsidered to be intermediate in the 
estuarine food chain, functioning to transfer energy from primary trophic 
levels, including detritus and plankton, to higher ronsumers such as fish and 
shrimp. Since many benthic organisms are of limited mobility or even rom­
pletely sedentary, biomass and di versi ty fluctuations are often investigated 
in order to demonstrate natural or man-made changes which can upset ecolo­
gical balances. Further, it is known that the biomass of benthic fauna 
increases as the general productivity of an estuarine erosystem increases· 
(65) • 

Benthos diversity generally· decreases with distance upstream in an 
estuary. From a minimum, at a salinity of 5.0 ppt, species numbers increase 
seaward to a maximumn at about 35 ppt, the normal salinity of sea water, and 
decline once IIDre with increasing salinity. Taxa diversity in Lavaca Bay 
declined from the high salinity lower bay to the low salinity upper bay and 
riverine areas (250). Diversities were highest during late winter and early 
spring when sustained freshwater inflows were low. Matthews et al. (248) 
found that the number of benthic species in the San Antonio Bay system 
decreased with increased freshwater inflow; however, the total benthic stand­
ing crop was greater due to increases in the gastropod Littoridina sphinctos­
toma, the pelecypod Rangia cuneata, .the polychaete Hypaniola gunned, and 
chironomid larvae populations. 

Harper (211), studying the distribution of benthic organisms in undredged 
control areas of San Antonio Bay, also found increases in benthic populations 
associated with decreased salinity. This was attributed to increased inflow 
of water-borne. nutrients since benthic organisms like Rangia cuneata and Lit­
toridina sphinctostoma are known to spawn in response to increased nutrients 
and rapid decreases in salinity. 

Catch distributions based on temperature and salini ty of the two IIDst 
prominent taxa in San Antonio Bay, Littoridina sphinctostoma and Mediomastus 
californiesnsis, indicated that seasonal variations showed mainly high 
spring/summer and low fall/winter populations (Tables 7-9 and 7-10). Benthic 
standing crops were. generally variable from IIDnth to IIDnth at all stations. 
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Table 7-8. Percent Composition bY Biomass of Dominant Benthic Species 
in the San Antonio Bay System, March 1972 - July 1974 

Region !Y' 

Region I 

Region II 

Region III 

All Regions 

Species 

Littoridina sphinctostama 
Rangia cuneata 
Hypaniola gunneri 
Mediomastus californiensis 
Corophium louisianum 
Chironomid larvae 

Littoridina sphinctostoma 
Mediamastus californiensis 
Rangia cuneata 
Streblos~io benedicti 
Parandal1a fauveli 
Littoridina sp. B 

Mediamastus californiensis 
Parandalia fauveli 
Mulina lateralis 
Streblospio benedicti 
Macama mitchelli 
Glycinde solitaria 

Littoridina spinctostoma 
Mediamastus californiensis 
Rangia cuneata 
Parandalia fauveli 
Streblospio benedicti 
Mulina lateral is 

Percent Composition BI 

51.2 
28.2 
4.8 
3.8 
2.4 
1.9 

92.3 

46.0 
25.2 
10.7 
4.8 
3.8 
2.1 

92.6 

47.8 
14.4 
11 .3 
8.5 
5.0 
3.8 

90.8 

43.7 
18.2 
17.3 
3.4 
3.4 
2.0 

88.0 

a/ Refer to Figure-7-2 for location of Regions I, II, and III. 
Y Total Benthic Biomass = 100 percent 
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Table 7-9. Distribution of Littoridina sphinctostama by Salinity and Temperature Ranges, San Antonio Bay, 
March 1972 - July 1974 

----0:=---- water Temperature (Degrees Cent19rade) 
30:= Salinity 3. 6.- 9. 12. 15. lB.- 21.- 24. 27. 33.-

(EEt) 3. 6. 9. 12. 15. 18. 21. 24. 27. 30. 33. 36. 

0.-4. Sanples 4 8 41 37 26 41 68 12 
Occurrences 2 4 20 16 18 23 43 8 
Avg. catch!y 89 11 78 71 72 30 147 134 

4.-B. Samples 1 1 1 17 15 12 20 46 6 1 
Occurrences 1 0 0 8 9 10 15 14 2 1 
Avg. Catcil 28 0 0 52 73 106 76 80 83 124 

8.-12. Samples 2 4 7 10 10 15 23 3 
Occurrences 2 2 3 3 5 5 4 0 
Avg. catch 197 107 8 12 32 288 1 0 

12.-16. Samples 4 3 1 8 7 9 9 15 6 
Occurrences 3 0 1 5 3 4 2 1 0 
Mg. catch 17 0 38 61 6 7 1 1 0 

16.-20. Samples 3 5 3 5 8 8 15 1 4 
Occurrences 0 2 2 2 0 1 3 0 0 
Avg. catch 0 2 90 3 0 1 18 0 0 

20.-24. Samples 2 4 1 1 3 8 6 1 
Occurrences 0 0 0 1 1 0 2 0 
Avg. Catch 0 0 0 9 4 0 1 0 

24.-28. Samples 2 5 2 6 5 3 2 1 
Occurrences 0 0 0 1 0 1 0 0 
Avg. Catch 0 0 0 2 0 16 0 0 

2B.-32. Samples 2 1 3 1 
Occurrences 0 4 0 0 
Avg. Catcil 0 4 0 0 

32.-36. Samples 
Occurrences 
Avg. Catch 

36.-40. Sanples 
Occurrences 

___ Avg. Catch __________ _ _______ 
~ Average catch is expressed in individual~ 
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Table 7-10. Distribution of Mediomastus californiensis by Salinity and Temperature Ranges, San Antonio Bay, March 1972 -
July 1974 

--------------------------- Water Temperature (Degrees Cent1grade) 
salinity --6~=-·~-~- - 9. 12. 15.- 18.- 21.- 24. 27. 30. 33. 
_'EE!L _____ . ___ 3. 6. 9. 12. 15. 18. 21. 24. 27. 30. 33. 36. 

0.-4. . Samples 4 8 41 37 26 41 68 12 
Occurrences 3 3 13 11 7 23 32 5 
Avg. catch !y 12 2 4 4 10 14 13 14 

4.-8. Samples 1 1 1 17 15 12 20 46 6 1 
Occurrences 1 0 0 10 6 7 16 32 2 0 
Avg. catch 10 0 0 15 10 34 49 29 3 0 

8.-12. Samples 2 4 7 10 10 15 23 3 
Occurrences 1 3 4 • 8 11 15 1 
Avg. catch 3 30 • 73 40 23 20 23 

12.-16. Samples 4 3 1 8 7 • 9 15 6 
Occurrences 3 3 0 .4 7 4 • 13 4 
Avg. Catch 44 10 0 10 288 30 64 33 28 

16.-20. Samples 3 5 3 5 8 8 15 1 4 
Occurrences 1 4 2 2 8 5 12 1 1 
Avg. catch 2 15 4 10 15 30 47 32 5 

20.-24. samples 2 4 1 1 3 8 6 1 
Occurrences 1 3 0 0 2 8 5 1 
Avg. Catch 10 34 0 0 47 I. 30 36 

24.-28. Samples 2 5 2 6 5 3 2 1 
Occurrences 2 3 0 1 3 2 1 1 
Avg. catch 20 7 0 • 3 • 21 45 

28.-32. Samples 2 1 3 1 
Occurrences 2 1 0 1 
Avg. Catch 12 3 0 28 

32.-36. Samples 
Occurrences 
Avg. Catch 

36.-40. Samples 
Occurrences 
A~. Catch 

il Average catch 1S expressed in indi vidualsJ!tn3. 

I 
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Summary 

The community composition, distribution, density, and seasonality of the 
phytoplankton, zooplankton, and benthic invertebrates of the Guadalupe estuary 
have been used by the Texas Parks and Wildlife Department as "indicators" of 
primary and secondary productivity. The estuarine communities identified are 
typical in that they are composed of freshwater, marine, and a mixture of 
endemic species (i.e., species restricted to the estuarine zone). 

Six phytoplankton divisions represented by a minimum of 60 taxa were 
collected from the Guadalupe estuary. Standing crops were mt significantly 
related to salinity or river inflow. 

A total of 162 zooplankton taxa representing 12 phyla were identified. 
The calanoid copepod Acartia tonsa was the dominant organism. Species diver­
sity and standing crops werereduced by heavy flooding; the recuperation 
period was short, however, and these parameters increased rapidly when salin­
ities returned to their seasonal mrms. 

Seasonal variations in benthic inveterbrate populations were exhibited 
through high spring/summer and low fall/winter standing crops. Increased 
freshwater inflows generally were associated with lowered species numbers, 
although the total benthic standing crop was greater due to increases in the 
gastropod Littoridina sphinctostoma, the pelecypod Rangia cuneata, the poly­
chaete Hypaniola gunneri, and chironomid larvae populations. 

The phytoplankton, zooplankton, and benthic assemblages in any body of 
water respond to a seasonal combination of physical, chemical, and biological 
controlling factors. Thus, it is difficult to single out the influence of any 
one of these factors on the entire community. Most estuarine organisms can be 
classified by salinity tolerance as oligohaline, mesohaline, polyhaline, or 
euryhaline. That is, there is always an assemblage of species which will be 
capable of maintaining high standing crops, regardless of the salinity (as 
long as it is relatively stable) and provided that other physical-chemical 
requirements for that particular as?emblage are met. If freshwater inflow is 
decreased, either partially or totally, the community oomposition will shift 
toward the neritic or marine and euryhaline forms. The primary question, 
then, is how this shift affects the food chain and the environment of those 
economically important organisms which, during some stage of their life cycle, 
depend on freshwater inflow. 
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CHAPTER VIII 

FISHERIES 

Introduction 

During the five year period, 1972 through 1976, corrrnercial landings of 
finfish and shellfish in Texas averaged 97.3 million pounds (44.2 million kg) 
annually (358~362). Approximately 75 percent of the harvest was taken off­
shore in the Gulf of Mexico and the remainder was taken inshore in the bays 
and estuaries. Computed on the basis of the two general fisheries components, 
the finfish harvest distribution was approximately 28 percent offshore and 72 
percent inshore, while the shellfish harvest was of an opposite distribution 
with about 21 percent inshore and 79 percent offshore. Specifically, the 
offshore harvests accounted for about six percent of the total Texas red drum 
(redfish) landings, 17 percent of spotted seatrout landings, 60 percent of 
white shrimp landings, and 95 percent of brown and pink shrimp landings. 

Virtually all (97.5 percent) of the coastal fisheries species are con­
sidered estuarine-dependent (79). The Guadalupe estuary is the third largest 
estuarine ecosystem on the Texas coast and ranks third overall of eight Texas 
estuarine areas for inshore corrrnercial harvest of seafood organisms. with 
respect to rorrrnercial bay landings from the five year period, 1972 through ,. 
1976, bays of the Guadalupe estuary rontributed an average 7.1 percent of 
finfish landings and 13.8 percent of shellfish landings. By romparison, the 
largest Texas estuary, the Trinity-San Jacinto estuary, contributed an average 
11.0 percent of finfish and 45.4 percent of shellfish bay landings during the 
same period (226) • 

. Based on the five year inshore-offshore rorrrnercial landings distribution, 
the average contribution of the Guadalupe estuary to total Texas rorrmercial 
landings is estimated at 538,700 pounds (244,400 kg) of finfish and 12,411,800 
pounds (5.6 million kg) of shellfish annually. In addition, the rommercial 
finfish harvest has been estimated to account for approximately 53.7 percent 
of the total finfish harvest in the estuary, with the remainder (46.3 percent) 
going to the sport or recreational catch of finfish (252). Thus, an addi­
tional 464,500 pounds (210,700 kg) of sport finfish harvest can be romputed 
which raises the estimated average annual finfish harvest contribution from 
the estuary (both inshore and offshore) to 1,003,200 pounds (455,100 kg). The 
average harvest rontribution· of all fisheries species (finfish and shellfish) 
dependent on the estuary is therefore estimated at 13.4 million pounds (6.1 
million kg) annually. 

Previous research has described the general ecology, utilization, and 
management of the coastal fisheries (257, 311, 157, 155, 74, 190, 186), and 
has provided information on Texas tidal waters (295, 300, 363, 176) and the 
relationship of freshwater inflow to estuarine producti vi ty (381). In addi­
tion, prior studies of the Guadalupe estuary have dealt with aspects of 
organic carbon transport (201), nutrient biogeochemical cycling (271), water 
quali ty standards (246), and the effects of seasonal freshwater inflows on 
hydrological and biological parameters (245). Multivariate equational models 
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of fisheries production as a function of the effects of seasonal freshwater 
inflows have not been previously constructed. 

Datq and Statistical Methods 

Direct analysis of absolute fisheries biomass fluctuations as a function 
of freshwater inflow is not possible. Accurate biomass estimation requires 
either considerable experimental calibration of current sampling methods (119) 
or the developnent and application of higher technologies such as the use of 
high resolution computer interpreted sonar soundings for estimation of absolute 
fish abundance (35). Therefore some indirect or relative measure of the fish­
eries must be substituted in the analysis. In terms of measurement, precision 
is a major consideration of relative estimates, while accuracy is of paramount 
importance to absolute estimates of abundance (119). 

Prior research has deJl'Onstrated that variations in rainfall and/or river 
discharge are associated with variations in the catch of estuarine-dependent 
fisheries, and can be used as an indicator for finfish and shellfish production 
(98, 82, 81, 340, 206, '205). Therefore, commercial harvest can be useful as a 
relative indicator of fisheries abundance, especially if the harvest is not 
critically limited below the production available for harvest on a long-term 
basis (i.e., the surplus production) by market conditions. Similarly, annual 
harvest fluctuations can provide relative estimates of the fisheries biomass 
fluctuations occurring from year to year. In Texas, commercial harvest data 
are available from the Texas Landings publications (365-371, 355-362) which 
report inshore harvests from the bays and offshore harvests from the Gulf of 
Mexico. Since the offshore harvests represent collective fisheries production 
from the region's estuaries, it is the inshore harvests reported by estuarine 
area that provide fisheries data related to a particular estuary. 

Commercial inshore harvests from bays of the Guadalupe estuary are tabu­
lated for several important fisheries components (Table 8-1). By using harvest 
data since 1962, data inconsistencies with earlier years and problems of rapid­
ly increasing harvest effort' as the commercial fisheries developed in Texas are 
avoided. For example, landings data for the penaeid shrimp fishery are better 
than for Jl'Ost of the fisheries components because of the high demand for this 
seafood. Nevertheless, landings data from the turn of the century to the late 
1940' s are incomplete and report only the white shrimp harvest. Exploitation 
of the brown shrimp began in 1947 with night trawling in offshore waters and 
rapidly increased throughout the 1950's; however, separation of the two species 
in the fisheries statistics was not begun until after 1957. Therefore, since 
reporting procedures were not fully standardized until the early 1960' s, and 
since earlier harvest records were inconsistent, the fisheries analysis 
utilizes the ITOre reliable records available from 1962 to 1976. This 15-year 
interval includes both wet and dry climatic cycles and is sufficient in length 
to identify positive and negative fisheries responses to seasonal inflow, as 
well as quantify the seasonal freshwater inflow needs of the fisheries 
components. 

The finfish component of the fisheries harvest is specific for the com­
bined harvests of croaker (mostly Micro.E29?n undulatus Linnaeus), black drum 
(pogonis cromis Linnaeus), red drum or redfish (Sciaenops ocellata Linnaeus), 
flounder (Paralichthys spp.; mostly K. lethostigrna Jordan and Gilbert), sea 
catfish (Arius felis Linnaeus), spotted seatrout (cynoscion nebulosus Cuvier), 
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Table 8-1. Commercial Fisheries Harvests in the Guadalupe Estuary 31, 1962-1976 (365-371, 355-362) 

Commercial Fisheries Harvest (thousands of pounds) 
Whlte--:-Bic:hin & pink: Blue Bay : Red Spotted-- Black 

Year :Shellfish b/: Shrimp Shrimp Crab Oyster Finfish c/: Dnun Seatrout Dnun 

1962 1,292.4 602.3 314.7 170.9 204.5 257.1 61.9 40.4 131.0 
1963 1,767.6 359.1 90.1 984.9 333.5 189.3 35.1 20.5 103.4 
1964 2,399.7 1,379.7 98.5 639.9 281.6 154.1 26.5 16.9 71.8 
1965 2,560.0 1,415.0 329.5 693.0 122.5 79.4 24.4 12.2 14.9 
1966 1,179.0 485.5 181 .1 362.7 149.7 240.8 82.9 94.6 47.7 
1967 1,813.8 832.1 453.5 276.1 252.1 286.3 . 86.5 94.3 70.9 
1968 1,839.5 1,203.2 472.5 163.8 161.2 31.8 81.2 14.8 
1969 2,636.7 887.7 210.9 1,484.0 54.1 84.7 33.7 19.2 17.2 
1970 2,060.3 1,121.6 185.2 531 .7. 221.8 209.0 110.6 39.0 40.1 
1971 1,726.4 493.9 254.7 582.8 395.0 248.6 96.8 76.0 44.6 
1972 2,444.4 959.1 . 91.8 '995.5 398.0 156.5 55.5 49.0 28.0 

;:i 
1973 2,515.3 867.5 654.3 859.0 134.5 250.0 78.1 85.3 52.7 
1974 2,203.3 815.3 67.1 1,124.3 196.6 421.9 168.6 103.8 109.7 

.,H 
H 1975 2,940.2 771.9 502.2 1,539.1 124.0 442.8 179.2 114.0 92.0 
I 

IN 1976 3,053.2 412.1 221.5 2,140.4 279.2 373.4 144.5 114.8 55.8 
r 

Mean .9! 2,162.1 840.4 261.1 857.1 220.7 237.0 81.1 64.1 59.6 
+S.E. +143.9 +86.5 +46.6 +139.2 +26.4 +28.3 +13;2 +9.7 +9.4 

a; Estuary ranks third in Shellfish and sixth in Finfish rommercial harvests of eight Texas estuarine areas 
b/ Includes blue crab, bay oyster, and white, brown, and pink shrimp harvests 
c/ Includes croaker, black drum, red drum, flounder, sea catfish, spotted seatrout, and sheepshead.harvests 
~ Standard error of the mean, two standard errors provide approximately 95% confidence limits about 

the mean 



and sheepshead (Archosargus probatocephalus Walbaum). Similarly, the shell­
fish component refers to the blue crab (Callinectes sapidus Rathbun), American 
oyster (Crassostrea virginica Gmelin), white shrimp (Penaeus setiferus Lin­
naeus), . and brCMn and pink shrimp (Penaeus aztecus Ives and P. duorarum 
Burkenroad; mostly P. aztecus). other fisheries components are -given as a 
single species or species group of interest. 

Freshwater inflCM to the estuary is discussed in Chapter IV and is 
tabulated here on the basis of two analytical categories: (1) freshwater 
inflCM at Guadalupe delta (FINGD) contributed to the estuary (Table 8-2), and 
(2) combined freshwater inflCM (FINC) from all river and coastal drainage 
basins contributed to the estuary (Table 8-3). Each inflow category is thus 
specified by its historical record of seasonal inflow volumes. 

The effects of freshwater inflow on an estuary and its fisheries produc­
tion involve intricate and imperfectly understood {i1ysical, chemical, and 
biological pathways. Moreover, a complete hypothesis does not yet exist from 
which an accurate structural model can be constructed that represents the full 
spectrum of natural relationships. As a result, an alternative analytical 
procedure must be used which provides a functional model; that is, a procedure 
which permits estimation of harvest as a unique function of inflCM. In this 
case, the aim is a mathematical description of relations among the variables 
as historically observed. Statistical regression procedures are most common 
and generally involve empirically fitting curves by a mathematical least 
squares criterion to an observed set of data, such as inflow and harvest 
records. Although functional model relationships do not necessarily have 
unambiguous, biologically interpretable meaning, they. are useful when they 
adequately describe the relations among natural {i1enomena.· Even after suffi­
cient scientific knCMledge is acquired to construct a preferable structural 
model, it may not actually be a markedly better predictor than a functional 
model. lhus, scientists often employ functional models to describe natural 
phenomena while recognizing that the relational equations may not or do not 
represent the true and as yet unclear workings of nature. 

A time series analysis of Guadalupe estuary fiSheries components was 
performed utilizing the University of California biomedical (BMD) computer 
program for the stepwise multiple regression procedure (15). This statistical 
procedure computes a sequence of multiple linear regression equations in a 
stepwise manner. At each step, the next variable which makes the greatest 
reduction in the sum of squares error term is added to the equation. Con­
sequently, the best significant equation is developed as the equation of high­
est multiple correlation coefficient (r), greatest statistical significant (F 
value), and lCMest error' sum of squares. A typical form of the harvest 
regression equation can be given as follCMs: 

where aO is the intercept harvest value, 
coefficients, e is the normally distributed 
and the regression variables are: 
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Table 8-2. Seasonal Freshwater Inflow Volumes at Guadalupe Delta Contributed to 
Guadalupe Estuary, 1959-1976 

Seasonal Freshwater Inflow (thousandsmacre-:reet) 
Year winter -- - Spring Summer Autumn Late Fall --i-- --AnnuaT 

Jan.-March : April-June July-Aug. Sept.-0ct. Nov.-Dec. Jan.-Dec. 

1959 488.1 551.1 207.0 386.0 218.0 1,850.2 
1960 366.9 567.9 467.0 1,244.0 1,021.0 3,666.8 
1961 960.0 780.0 411.0 326.0 a/ 291.0 2,768.0 
1962 204.9 305.1 73.0 146.0 - 161.0 890.0 
1963 195.9 129.0 40.0 50.0 b/ 126.0 540.9 
1964 282.0 156.0 109.0 195.0 - 144.0 886.0 
1965 683.1 950.1 135.0 218.0 440.0 2,426.2 
1966 414.0 675.0 200.0 198.0 138.0 1,625.0 
1967 195.9 171.9 91.0 2,602.0 c/ 448.0 3,508.8 
1968 1,188.9 1,290.9 387.0 332.0 - 298.0 3,496.8 
1969 711.0 887.1 130.0 185.0 256.0 2,169.1 

~ 1970 585.9 870.0 190.0 ij 204.0 117.0 1,966.9 
H 1971 150.9 144.0 221.0 829.0 e/ 485.0 1,829.9 H _ 

'i' 1972 411.0 1,443.9 274.0 246.0 246.0 2,620.9 
(Jl 1973 423.0 1,430.1 909.0 1,537.0 f/ 625.0 4,924.1 

1974 656.1 497.1 196.0 554.0 - 708.0 2,611.2 
1975 840.9 1,575.0 487.0·266.0 234.0 3,402.9 
1976 261.9 1,434.9 375.0 541.0 1,298.0 3,910.8 

,Mean 501.1 770.0 272.3 558.8 403.0 2,505.3 
+ S.E. 91 +68.8 +117.6 +49.5 +152.0 +77.2 +275.5 

a/ Hurd-cane Carla,- Sepf:-S-=-f.f;near-Port Lavaca 
b/ Hurricane Cindy, Sept. 16-20; near Port Arthur 
c/ Hurricane Beulah, Sept. 18-23; near Brownsville 
d/ Hurricane Celia, Aug. 3-5; near Port Aransas 
e/ Hurricane Fern, Sept. 9-13; near Port Aransas 
f/ Hurricane Delia, Sept. 4-7; near Galveston 
Sf Standard error of mean; two standard errors provide approximately 95 percent confidence 

limi ts about the mean. 



Table 8-3. Seasonal Volumes of Combined Freshwater Inflow a/ Contributed to Guadalupe 
Estuary, 1959-1976 -

Seasonal Freshwater Inflow (thousands of acre-feet) 
Year Winter Spring Summer Autumn Late Fan Aririual 

Jan.-March April-0une July-Aug. Sept.-Gct. Nov.-Dec. Jan.-Dec. 

1959 519.9 564.0 240.0 433.0 221.0 1,977.9 
1960 393.9 599.1 498.0 1,294.0 1,079.0 3,863.1 
1961 1,008.9 822.9 427.0 354.0 !y 297.0 2,909.8 
1962 207.9 318.9 75.0 152.0 176.0 929.8 
1963 201.9 132.0 42.0 52.0 £I 130.0 557.9 
1964 291.0 162.0 111.0 206.0 151.0 921.0 
1965 693.9 957.9 137.0 225.0 461.0 2,474.8 
1966 450.9 744.9 204.0 204.0 140.0 1,743.8 
1967 198.0 195.9 107.0 2,713.0 ij 448.0 3,661.9 
1968 1,215.0 1,379.1 397.0 344.0 298.0 3,633.1 
1969 720.9 923.1 130.0 186.0 275.0 2,235.0 
1970 606.9 884.1 196.0 e/ 265.0 117.0 2,069.0 

::i 1971 150.9 147.9 226.0 905.0 Y 529.0 1,958.8 
H 1972 432.9 1,470.0 283.0 288.0 263.0 2,736.9 H 

.1 1973 423.9 1,464.9 .910.0 1,609.0 g/ 625.0 5,032.8 '" 1974 660.0 558.9 200.0 573.0 774.0 2,765.9 
1975 845.1 1 ,581.0 501.0 287.0 234.0 3,448.1 
1976 261.9 1,452.0 446.0 553.0 1,353.0 4,065.9 

Mean 515.8 797.7 285.0 591.3 420.6 2,610.3 
.!. S.E !y +70.5 +119.1 +50.5 .!.158.1. +81.3 +282.7 

a; Includes fleM from all contributing river and coastal drainage basins (see Chapter 
IV) • 

b/ Hurricane Carla, Sept. 8-14: near Port Lavaca 
c/ Hurricane Cindy, Sept. 16-20: near Port Arthur 
d/ Hurricane Beulah, Sept. 18-23: near Brownsville 
e/ Hurricane Celia, Aug. 3-5: near Port Aransas 
I/ Hurricane Fern, Sept. 9-13: near Port Aransas 
31 Hurricane Delia, Sept. 4-7: near Galveston 
!y Standard error of mean: two standard erros provide approximately 95 percent confidence 

limits about the mean. 
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= annual inshore harvest of a fisheries component in ,thousands 
of pounds at year t, 

= winter season (January-March) mean IIDnthly freshwater inflow in 
thousands of acre-feet at year t-bl, where bl is a positive 
integer (Table 8-4), 

= 

= 

= 

spring season (April-June) mean IIDnthly freshwater inflow in 
thousands of acre-feet at year t-~, where ~ isa positive 
integer (Table 8-4), 

summer season (July-August) mean IIDnthly freshwater inflow in 
thousands of acre-feet at year t-b], where b3 is a positive 
integer (Table 8-4), 

autumn season (September-{)ctober) mean IIDnthly freshwater inflow 
in thousands of acre-feet at year t-b4, where b4 is a 
positive integer (Table 8-4), , 

= late fall season (November-December) mean IIDnthly freshwater 
inflow in thousands of acre-feet at year t-b5' where' bs is a 
positive integer (Table 8-4). 

= annual (January-December) mean IIDnthly freshwater inflow in 
thousands of acre-feet at year t~b6' where hG is a positive 
integer (Table 8-4). 

In some cases the fisheries component harvests appear to relate 
curvilinearly to freshwater inflow. Therefore, in order to permit continued 
use of, the stepwise multiple linear regression procedure it is necessary to 
transform the data variates to linearity. Natural log (In) transformation'of 
both dependent and independent variables improves the linear fit of the curves 
and the double log transformed regression equation is rewritten as follows: 

where the variables are the same as defined above. 

In practice, the time series for the dependent variable (H) is the 
aforementioned inclusive period 1962 through 1976, giving 15 annual harvest 
observations for the regression analysis. The independent variables (Ql ••• 
Q6) also result in 15 observations each; however, the time series is rot 
necessarily concomitant with that of harvest and varies because of 
consideration of species life history aspects involved in the analysis of each 
fisheries component. Thus, the data alignment between dependent/independent, 
variates in the fisheries analysis was appropriately chosen to take into 
account the probable lagged effect, in time, of freshwater inflow upon 
production and subsequent harvest of a particular fisheries component (Table 
8-4). This is a standard procedure since it has been long recognized that 
environmental factors affecting growth and survival of the young in critical 
developmental periods can show their effect some time later when the affected 
age-class matures and enters the commercially exploited adult population (70, 
151 ) • Early articulation of this idea was put forth by the Norwegian fishery 
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Table 8-4. Time Series Alignments of Dependent/Independent Data Variates for Fisheries Regression Analysis 

----
Ht Q 1, t-b1 

Q 2,t-b2 
Q 3,t-b3 

Q 4,t-b4 
Q 5,t-b5 

Q 6,t-b6 
Fisheries Component (Jan.-Mar. ) (Apr.~un. ) (Jul.-lIug. ) (Sep.-0ct.) (Nov.-Dec. ) (Jan.-Dec. ) 

-------
Shellfish a/ inflcw same inflcw same inflcw same i nflcw same inflow 1-year inflow 1-year 
All Penaeid Shrimp year as year as year as year as antecedent to antecedent to 
Whi te Shrimp harvest harvest harvest harvest harvest harvest 
Brcwn & pink Shrimp 

( 1962-1976) (1962-1976 ) (1962-1976 ) (1962-1976) ( 1962-1976 ) (1961-1975) (1961-1975 ) 

Blue Crab inflcw 1-year inflow 1-year inflow 1-year inflow_1-year inflow 1-year 
<: Bay Oyster antecedent antecedent antecedent antecedent antecedent (not 
H to harvest to harvest to harvest to harvest to harvest applicable) H 
H 
I 

(1962-1976) (1961-1975) (1961-1975) (1961-1975) (1961-1975) (1961-1975) co 

Finfish b/ running running running running running 
Spotted seatrout average average average average average (not 
Red Drum inflcw from- 3 inflcw from 3 inflcw from 3 inflcw from 3 inflcw from 3 applicable) 
Black Drum antecedent antecedent antecedent antecedent antecedent 

years before years before years before years before years before 
harvest harvest harvest harvest harvest 

(1962-1976) (1959-1975) (1959-1975) (1959-1975) ( 1959-1975) ( 1959-1975) 

a/ includes blue crab, bay oyster, and white, brown, and pink shrimp 
W includes croaker, black drum, red drum, flounder, sea catfish, spotted seatrout, and sheepshead 



scientist Johan Hjort in 1914 (101) and it is roN generally known as "Hjort's 
critical period roncept." This suggests that the ultimate population effect 
of freshwater inflow is somewhat delayed and can be potentially observed in 
annual harvest fluctuations of a fisheries romponent. 

A major caveat to regression analysis is that significant cbrrelation of 
the variables does not, by itself, establish cause and effect (184). Based on 
the equations alone, definite statements atout the true· ecological 
relationships arrong the variables cannot be made because of the inherent 
noncausal nature of statistical regression and rorrelation (70, 183). 
However, the hypothesis that freshwater inflow is a primary factor. influencing 
the estuary and its production of estuarine-aependent fisheries is 
well-founded and reasonable ronsidering the substantial volume of previous 
scientific research demonstrating inflow effects on nutrient cycling, salinity 
gradients, and the metabolic stresses and areal distributions of estuarine 
organisms. 

Fisheries Analysis Results 

Shellfish 

Analysis of the multi-species shellfish fisheries romponent results in 
two weakly significant equations (Table 8-5). Statistical information given 
for each regression equation includes: (1) level of statistical significance 
( a value); (2) multiple roefficient of determination (r 2 value); (3) standard 
error of the estimate for the dependent variable, inshore harvest; (4) stand­
ard error of the regression roefficient associated with each independent 
variable, seasonal freshwater inflow; and (5) upper bounds, lower bounds, and 
means of the variables entering the equation. The best significant equation 
(first equation of Table 8-5) explains only 43 percent of the observed varia­
tion in inshore shellfish harvest and is significant (a = 5.0%) for ror­
relation of the harvests to spring (Q2) and late fall (Q5) seasonal fresh­
water inflows at Guadalupe delta (FINGD). 

The estimated effect of a rorrelating seasonal inflow on harvest is rom­
puted by holding all other rorrelating seasonal inflows in the best signifi­
cant equation ronstant at their respective mean values, while varying the 
seasonal inflow of interest from its lower to upper observed bounds. Repeat­
ing this process for each rorrelating seasonal inflow in the best significant 
equation and plotting the results permits illustration of the individual 
seasonal inflow effects on the estimate of inshore rommercial shellfish 
harvest (Figure 8-1). For example, Panel A of Figure 8-1 shows the annual 
harvest is estimated to increase from atout 1.6 million pounds to 2.8 million 
pounds as the inflow at Guadalupe delta during the April-.June (Q2) seasonal 
interval increases from its observed lower bounds of 43.0 thousand acre-feet 
per month to its observed upper bounds of 525.0 thousand acre-feet per month. 
Thus, the positive (+) sign on the regression roefficient (a2) for the ror­
relating ~ inflow term in the best significant equation is illustrated as a 
line of positive slope relating increasing spring season inflow at Guadalupe 
delta to an increasing estimate of annual shellfish harvest. It is noted that 
this line can be shifted upward or downward in a parallel manner from that 
which has been graphed by holding the other rorrelating seasonal inflow (i.e., 
Q5) in the best significant equation at a specified level of interest other 
than its mean observed value. For instance, if the negatively rorrelating 
November-December (Q5) inflow is specified at some level lower than its mean 
of 157.2 thousand acre-feet per month, then the estimated harvest response to 
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Table 8-5. Equations of Statistical Significance Relating the Shellfish 
Fisheries Component to Freshwater Inflow Categories a/ 

Guadalupe Estuary Shellfish Harvest = f (seasonal FINGD b/) 
Significant Equation (a = 5.0%, r2 = 43%, S.E. Est. = ~453.0) 

Hsf = 1767.4 + 2.3 (Q2) 
(0.8) 

- 1.4 (Q5) 
(1 .5) 

Hsf Q2 Q5 
upper bounds 3053.2 525.0 354.0 
lower rounds 1179.0 43.0 58.5 

mean 2162.1 265.8 157.2 

Guadalupe Estuary Shellfish Harvest = f (seasonal FINC c/) 
Significant Equation (a = 2.5%, r2 = 37%, S.E. Est. = +459.5 

. upper bounds 
lower bounds 

mean 

H f = 1654.3 + 1.8 (Q2) 
s (0.7) 

3053.2 
1179.0 
2162.1 

527.0 
44.0 

274.9 

where: Hsf = inshore commercial shellfish harvest, in thousands of 
pounds; 

a/ 

b/ 
Y 

Q = mean monthly freshwater inflow, in thousands of acre-feet: 
Ql = January-March Q4= September-{)ctober 
Q2 = April-June Q5= November-December 
Q3 = July-August Q6= January-December 

Standard error of each regression coefficient is shown in parentheses 
beneath the coefficients of the regression equations 
FINGD = freshwater inflow at Guadalupe Delta 
FINC = .combined freshwater inflow to Guadalupe estuary from all con­
tributing river and coastal drainage basins 

VIII-lO 



April--:June" (Q2) inflow would be similar to that shown in Panel A (Figure 
8-1) and would have the identical positive slope; however, the mrrg:JUted line 
would be shifted upward and parallel to that which is graphed. Analogous 
circumstances exist for each of the harvest responses illustrated, but to 
facilitate mmparisons only the seasonal inflow of interest in each panel 
graph is varied, while all others in the best significant equations are held 
constant at their respective values. 

Panel B (Figure 8-1) exhibits the weakly negative response of inshore 
shellfish harvest to late fall season freshwater inflow at Guadalupe delta. 
The estimate of harvest decreases 18.0 percent (from' about 2.3 million to 
about 1.9 million pounds annually) as the November-December (Q5) inflow 
increases from its observed lower bounds of 58.5 thousand acre-feet per month 
to its observed upper bounds of 354.0 thousand acre-feet per month. 

Considered together, Panels A and B in Figure 8-1 illustrate a strong 
positive statistical response of inshore mmmercial shellfish harvest to 
spring season (Q2) inflow and a weaker, more variable negative response to 
late fall (05) inflow over the cbserved ranges of these seasonal inflows at 
Guadalupe delta. Based on the statistical regression model described by the 
best significant equation, maximization of shellfish harvest can be achieved 
by increasing spring inflow and diminishing late fall inflow at Guadalupe 
delta. 

All Penaeid Shrimp 

Analysis of the fisheries mmponent for all penaeid shrimp (i.e., white, 
brown, and pink shrimp) yields a significant equation for both of the fresh­
water inflow categories (Table 8-6). The best significant equation (first 
equation, Table 8-6) acmunts for 63 percent of the observed harvest varia­
tion and is significant ( a = 2.5%) for mrrelation of inshore penaeid shrimp 
harvests to winter (Q1)' autumn (Q4)' and annual (Q6) inflows at Guada­
lupe delta (FINGD). 

The effect of each of the mrrelating inflow terms in the best signifi­
cant equation is illustrated by using the previously discussed procedure of 
holding all other mrrelating inflows in the equation mnstant at their 
respective mean values, while varying the inflow of interest over its observed 
range and mmputing the estimated harvest response (Figure 8-2). The estimate 
of harvest increases 2.3 times (from about 0.7 to 1.6 million pounds annually) 
as January-March (Q1) inflow increases from the observed lower bounds of 
50.3 thousand acre-feet per month to the observed upper bounds of 280.3 
thousand acre-feet per month (Panel A, Figure 8-2). Thus, the penaeid shrimp 
fisheries mmponent is shawn to have a positive relationship with winter 
season inflow at Guadalupe delta. Another positive response to autumn inflow 
resul ts in the estimate of inshore harvest increasing from about 0.9 to 1.6 
million pounds annually as September-october (Q4) inflow increases over the 
observed range of 25.0 to 1,301.0 thousand acre-feet per month (Panel B, 
Figure 8-2). The "estimate of harvest decreases 59.8 percent (from about 1.4 
to 0.6 million pounds annually) as the one-year antecedent annual inflow 
(Q6) increases over the cbserved range of 45.1 to 410.3 acre-feet per month 
(Panel C, Figure 8-2), indicating a negative relationship of harvest to high 
inflow from the year prior to harvest. Maximization of penaeid shrimp harvest 
is therefore statistically related to increasing winter (Q1) and autumn 
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Table 8~6. Equations of Statistical Significance Relating the All Penaeid 
Shrimp Fisheries Component to Freshwater Inflow Categories ~ 

Guadalupe Estuary All Shrimp Harvest = f (seasonal FINGD b/) 
Significant Equation ( a = 2.5%, r2 = 63%, S.E.Est. - +263:-1) 

H = 796.9 + 4.0 (Q1) + 0.5 (Q4) - 2.3 (Q6) as .. (1.1) (O.2) (O.8) 

H Q1 Q4 Q6 as 
upper bourids 1744.5 280.3 1301.0 410.3 
lower bounds 449.2 50.3 25.0 45.1 

mean 1075.6 143.2 277.5 191.4 

Guadalupe Estuary All Shrimp Harvest = f (seasonal FINC c/) 
Significant Equatiori { a = 2.5%, r2 = 62%, S.E.Est. =:!:. 266.7 

H = 784.4 + 3.9 (Q1) + 0.5 (Q4) - 2.2 (Q6) as (1 .1) (O.2) (O.8) 

H Q1 Q4 Q6 as 
upper bounds 1744.5 281.7 1356.5 419:4-
lower bounds 449.2 50.3 26.0 46.5 

mean 1075.6 146.3 293.5 198.9 

where: Has = inshore commercial penaeid shrimp harvest, in thousands of 
pounds, 

~ 

bl 
£! 

Q = mean monthly freshwater inflow, in thousands of acre-feet: 
Q1 = January-March Q4= September-october 
Q2 = April~une Q5= November-December 
Q3 = July-August Q6= January-December 

Standard error of each regression coefficient is shown in parentheses 
beneath the coefficients of the regression equations 
FINGD = freshwater inflow at Guadalupe Delta 
FINC = combined freshwater inflow to Guadalupe estuary from all 
contributing river and coastal drainage basins 
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(Q4) season inflows, while diminishing the annual (Q6) inflow at Guadalupe 
delta. 

Whi te Shrimp 

Analysis of the white shrimp fisheries a:mponent involves logarithmic 
transfonnation of the regression variables to natural logarithms (In) and 
results in two highly significant equations (Table 8-7). The best significant 
equation (second equation, Table 8-7) explains 74 percent of the observed 
harvest variation and is highly significant (a. = 1.0%) for oorrelation of 
natural log transformed inshore white shrimp harvests to natural log trans­
formed winter (Q1), summer (0)), autunm (Q4), and one-year antecedent 
annual (Q6) freshwater inflows to the estuary from all oontributing river 
and ooastal drainage basins (FINC). 

The effects of each oorrelating inflow on the estimate of harvest are 
computed similar to previous examples, however, illustrations of the effects 
are graphed in non-transformed units to shCM the curvilinearity of harvest 
responses (Figure 8-3). The estimate of harvest increases 4.2 times (from 
about 0.4 to 1.6 million pounds annually) as January-March (Q1) inflow 
increases over the observed range of 50.3 to 405.0 thousand acre-feet per 
month (Panel A, Figure 8-3). A weakly negative response to July-August (Q3) 
inflCM results in the estimate of annual harvest declining 38.9 percent (Panel 
B, Figure 8-3), while increasing September-october (Q4) inflow increases the 
estimate of annual harvest 2.8 times its minimum value (Panel C, Figure 8-3). 
The response to increasing one-year antecedent annual inflow (Q6) is 
negative and the estimate of annual harvest declines 60.6 percent (Panel D, 
Figure 8-3). Consequently, maximization of white shrimp harvest is statis­
tically related to increasing winter (Q1) and autunm (Q4) inflows and 
decreasing summer (Q3) and annual (Q6) inflows to the estuary from all 
contributing river and,ooastal drainage basins. 

Brown and pink Shrimp 

Analysis of the brCMn and pink shrimp fisheries oomponent yields two 
highly significant equations (Table 8-8). The best significant equation 
(first equation, Table 8-8) accounts for 62 percent of the observed harvest 
variation and is highly significant ( a. = 0.5%) for oorrelation of inshore 
brCMn and pink shrimp harvests to sunmer (Q3) and autunm (Q4) inflows at 
Guadalupe delta (FINGD). Responses to both seasonal inflows are positive, and 
increasing July-August (Q3) and September-october (Q4) inflows to the 
upper bounds of their observed ranges increases the estimates of annual har­
vest 3.0 and 2.3 times their minimum values, respectively (Panels A and B, 
Figure 8-4). Therefore, maximization of brown and pink shrimp harvest is 
statistically related to increaSing summer and autunm season inflows at Guada­
lupe delta. It is noted that the strong, positive harvest response to sUlTl11er 
inflow is in apparent oonflict with the weak, negative response of white 
shrimp harvest to summer inflow. 

Blue Crab 

No statistically significant equations were obtained from analysis of the 
blue crab fisheries oomponent. 
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Table 8-7. Equations of Statistical Significance Relating the White Shrimp 
Fisheries Component to Freshwater Inflow Categories a/ 

, -

Guadalupe Estuary White Shrimp Harvest = f (seasonal FiNGD b/) 
Highly Significant Natural Log Equation (et = 1.0%, r- = 72%-; S.E.Est. = 

+ 0.2692 

In Hws = 4.9531 + 0.6809 (In Q1)'- 0.1299 (In Q3) 

(0.1504) (0.1334) 

- 0.4335 (In Q6) 

(0.1422) 

+ 0.2328 (In Q4) 

(0.0957) 

upper bounds 7.2549 5.9822 6.1192 7.1709 6.0169 
lower bounds 5.8836 3.9180 2.9957 3.2189 3.8089 

mean ~6~.6~5=2~6 ____ 4~.~8~9~90.~~4~.5~5~1~9 __ ~5~.0~9~3=9 __ ~5~.~14~5~7 

Guadalupe Estuary White Shrimp Harvest = f (seasonal FINC c/) 
Highly Significant Natural Log Equation ( et = 1.0%, r2 = 74%, S.E.Est. = 

+ 0.2618) 

In Hws = 4.8394 + 0.6889 (In Q1) 

(0.1442) 

- 0.1602 (In Q3) 

(0.1325) 

+ 0.2627 (In Q4) 

(0.0965) 

upper bounds 
lower bounds 

mean 

where: 

- 0.4232 (In Q6) 

(0.1389) 

In H ws 
7.2549 
5.8836 
6.6526 

In Q1' 

6.0039 
3.9180 
4.9206 

6.1203 
3.0445 
4.5935 

7.2127 
3.2581 
5.1581 

6.0388 
3.8395 
5.1869 

In Hws = natural log, inshore commercial white shrimp harvest, in 
thousands of pounds; 

In Q = natural log, mean monthly freshwater inflow, in thousands of 
acre-feet: 
Q1 = January,-March 
Q2 = April-,J une 
Q3 = July-August 

Q4= September-october 
Q5= November-December 
Q6= January-December 

~ Standard error of each regression coefficient is shawn in parentheses 
beneath the coefficients of the regression equations 

bl FINGD = freshwater Inflow at Guadalupe Delta 
cl FINC = combined freshwater inflow to Guadalupe estuary from all 

contributing river and coastal basins 

vrII-16 



o 

g 

. 
~ 

" o 

E , 
u 

. 
D 

o g 

o 
o 

I 
o 
u 

VOO.O~----------------------------------------------~ 

1560.0 

1~20.0 

1280.0 

11~0.0 

1000.0 

8$0.0 

720.0 

580.0 

4~O.0 

30Q.O -I---~----~--~----~--~--~----~--~----~---I 
0.0 50.Q 100.0 150.0 200.0 250.0 500.0 550.Q ~OO.O ~50.0 500.0 

Mean Monthly Inflow (1000 oe-ft) JAN-MAR 

VI)O.O 

1560.0 

1~20.0 

1280.0 

MO.O 

10(10.0 

11&0.0 

720.0 

!>80.0 

4~0.0 

~, 

A. regression coefficient:: +0.6809, 

stondard error = ±0.1504 

31)O.o-l--~-~-~-~-~-~-~-~-~---1 
1~0.0 180.0 ~20.0 580.0 700.0 8<lQ.O 980.0 112!l.0 1:260.0 141)0.0 

lo4eon Monthly Inflow (1000 oe-H) SEP-OCT 
..• 

C. regression coefficient:: +0.2328, 
standord error:: ±O.0957 

D 

0 
0 g 

• > 
0 
X 

ft 
E 
~ 

~ 

;, 
~ 

" 0 • E 
E 
0 

U 

D 

0 
0 
0 
:;. 

~ 

" x 
ft 
E 
~ 
~ 

· " ~ • 
" 0 

• E 
E 
0 

U 

171)O.Q 

1560.Q 

142!l.0 

I2I1Q.O 

1140.0 

1000.0 

860.0 

720.0 

580.0 

HO.O 

300.0 i;-;--"c:--:,;c;:-:;>;-::---::,;::--:r:--="C-:C--'T:-~----~---I 
0.0 50.0 100.0 \50.0 200.0 250.0 300.0 ~50.0 400.0 ~50.0. 500.0 

1700.0 

1560.0 

1A20.0 

1280.0 

\uo.o 

'1100.0 

860.0 

720.0 

580.0 

~40.0 

Mean lo4onthly Inflow (1000 oe-H) JUL-AUG 

8. regression coefficient =-0.1299, 

standard error:: ±0.1334 

500.0 -I-:-c~--c:c::--:o:-:-~c:--"':--"'r:---'T:-":---:r-:--,.J 
0.0 50.0 100.0 150.0 200.0 250.0 ~(IO.O 350.0 400.0 ~50.0 500.0 

Meon Monthly Inflow (1000 oe-fl) JAN-DEC 

D. regression coeffic"ient :: +0.4335, 

standard error:: ±0.1422 

Figure 8-3_ Inshore Commercial White Shrimp Harvest as a Function of Each Seasonal 
Inflow From Combined River and Coastal Drainage Basins, Where all Other Seasonal 
Inflows in the Multiple Regression Equation are Held Constant at Their Mean Values 

VII 1-17 



Table 8~8 •. Equations of. StatisticaLSignificance. Relating ~ the Brown and Pink 
Shrimp Fisheries Component to Freshwater Inflow Catego~ies a/ 

Guadalupe Estuary Brown and Pink Shrimp Harvest = f (seasonal FINGD b/) 
Highly Significant Equation ( ex= 0.5%~; r2 = 62%, S.E.Est. =+ 117.1) 

Hbps = 98.5 + 0.8 (Q3) 

(0.3) 

upper bounds 
lower bounds 

mean 

654.3 
67.1 

261.1 

454.5 
20.0 

122.5 

1301.0 
25.0 

277.5 

--~-------- --------------------
Guadalupe Estuary Brown. and pink Shrimp Harvest = f (seasonal FINC c/) 
Highly Significant Equation (ex = 1.0%, r2 = 60%, S.E.Est. = ~ 119.4) 

where 

HbPS = 97.7 + 0.8 (Q3) 

(0.3) 

upper bounds 
lower bounds 

mean 

654.3 
67.1 

261.1 

455.0 
21.0 

127.4 

+ 0.2 (Q4 
(0.1 ) 

Q4 
1356.5 

26.0 
293.5 

Hbps = inshore commercial brown and pink shrimp harvest, in 
thousands of pounds; 

Q = mean monthly freshwater inflow" in thousands of acre-feet: 
Ql = January-Mcirch Q4= September-<lctober 
Q2 = April-June Q5= November-December 
Q3 = July-August Q6= January-December 

~ Standard error of each regression coefficient is shown in parentheses 
beneath the coefficients of the regression equations 

bl FINGD = freshwater inflow at Guadalupe Delta 
51 FINC = combined freshwater inflow to Guadalupe estuary from all 

contributing river and coastal drainage basins 
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Bay Oyster 

No statistically significant equations were obtained from analysis of the 
bay oyster fisheries component. 

Finfish 

Analysis of the multi-species finfish component also involves logarithmic 
transformation of the regression variables to natural logarithms (In) and 
results in two very highly significant equations (Table 8-9). The best signi­
ficant equation (first equation, Table 8-9) explains 88 percent of the 
observed harvest variation and is very highly significant (a = 0.1%) for cor­
relation of inshore finfish harvests to all seasonal inflows (Q1 through 
QS) at Guadalupe delta (FINGD). The curvilinear effects of each of the 
correlating seasonal inflows on harvest are negative for increasing January­
March (Q1) inflow (Panel A, Figure 8-S), 'strongly positive for increasing 
April-June (Q2) inflow (Panel B, Figure 8-S), negative for increasing July­
August (Q3) inflow (Panel C, Figure 8-S), negative for increasing Septem­
ber-October (Q4) inflow (Panel D, Figure 8-S), and strongly positive for 
increasing November-December (QS) inflow (Panel E, Figure 8-S). In 
particular, the estimate of annual harvest increases about 8.6 times (from 
SO.O to 430.0 thousand pounds) as spring season (Q2) inflow increases over 
the observed, range of 6S.6 to 389.1 thousand acre-feet per IlDnth. Taken 
together, the results indicate that maximization of inshore commercial finfish 
harvest is statistically related to increasing spring and late fall season 
inflows, while diminishing winter, summer, and autumn season inflows at 
Guadalupe delta. However, all three shrimp components previously analyzed 
exhibit positive responses to autumn' inflow, and additional conflicts are 
noted with winter and summer season inflows. 

Spotted Seatrout 

Analysis of the spotted seat rout fisheries component yields two very 
highly significant equations (Table 8-10) following natural log transformation 
of the regression variables. The best significant equation (first equation, 
Table 8-10) explains 93 percent of the observed harvest variation and is very 
highly significant (a = 0.1%) for correlation of inshore commercial spotted 
seatrout harvests to all seasonal inflows (Q1 through QS) at Guadalupe 
delta (FINGD). 

The curvilinear effects on harvest of each of the correlating seasonal 
inflows in the' best significant equation are negative for increasing January­
March (Q1) inflow (Panel A, Figure 8-6), strongly positive for increasing 
April-June (Q2) inflow (Panel B, Figure 8-6), strongly negative for increas­
ing July-August (Q3) inflow (Panel C, Figure 8-6), negative for increasing 
September-October (Q4) inflow (Panel D, Figure 8-6) , and posi ti ve for 
increasing November-December (QS) inflow (Panel E, Figure 8-6). Similar to 
results from the finfish component, the greatest effect on spotted seatrout 
harvest is from increasing spring season inflow. Here, the estimate of har­
vest increases about 210 times its minimum value (from 1.4 to 294. 1 thousand 
pounds annually) as April-June inflow increases S.9 times over the observed 
range of 6S.6 to 389.1 thousand acre-feet per lIOnth. In addition, the esti­
mate of annual harvest experiences a severe decline of 97 percent (from 3SS.2 
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Table 8-9. Equations of Statistical Significance Relating the Finfish 
Fisheries. Component to Freshwater Inflow Categories a/ 

Guadalupe Estuary Finfish Harvest = f (seasonal FINGD b/) 
Very Highly Significant Natural Log Equation (a = 0.1%~ r2 = 88%, S.E.Est. = 

+ 0.2201) . 

In Hff = -0.3223 - 0.4839 (In Q1) 

(0.2370) 

+ 1.2087 (In Q2) 

, (0.2669) 

-0.6352 (In Q4) 

(0.1375) 

+ 1.2937 (In Q5) 

(0.3623) 

- 0.3126 (In Q3) 

(0.2636) 

upper bounds 6.0931 5.6211 5.9639 5.5810 6.2577 5.5728 
lower bounds 4.3745 4.3290 4.1831 3.6109 4.1769 4.2743 

mean ~5~.3~5~7~4 __ ~5~.0~7~4~4 __ ~5~.~37~9~1 __ ~4~.~7~06~4~~5~.~4~1~77~~5.~0~5~95 

Guadalupe Estuary Finfish Harvest = f (seasonal FINC c/) 
Very Highly Significant Natural Log Equation (a = 0.1%, r = 88%, S.E.Est. = 

.:!: 0.2208) 

In Hff = ~0.3477 - 0.4911 (In Q1) 

(0.2394) 

+ 1.2381 (In Q2) 

(0.2679) 

-0.6419 (In Q4) 

(0.1361 ) 

+ 1.2625 (In Q5' 

(0.3526) 

- 0.3001 (In Q3) 

(0.2654) 

upper bounds 
lower bounds 

mean 

6.0931 
4.3745 
5.3574 

5.6438 
4.3550 
5.1048 

5.9928 
4.2210 
5.4202 

5.5929 
3.6376 
4.7373 

6.2980 
4.2244 
5.4799 

5.6240 
4.3329 
5.1014 

where: 

a/ 

bl 
cl 

In Hff = natural log, inshore commercial finfish harvest, in 
thousands of pounds; 

In Q = natural log, mean IlDnthly freshwater inflow, in thousands 
of acre-feet: 
Q1 = January-March 
Q2 = April-June 
Q3 = July-August 

Q4= September-october 
Q5= November-December 

Standard error of each regression coefficient is shown in parentheses 
beneath the coefficients· of the regression equations 
FINGD = ~reshwater inflow at Guadalupe Delta 
FINC = combined freshwater inflow to Guadalupe estuary from all 
obntributing river and coastal basins 
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Table 8-10. Equations of Statistical Significance Relating the Spotted 
Seatrout Fisheries Component to Freshwater Inflow Categories ~ 

Guadalupe Estuary Spotted Seatrout Harvest = f (seasonal FINGD b/) 
Very Highly Significant Natural Log Equation (a = 0.1%, r2 = 93%, S.E.Est. = 

+ 0.2547) 

In Hss = -4.5501, - 1.1015 (In Ql) 

(0.2742) 

+ 2.9982 (In Q2) 

(0.3089) 

- 1.7728 (In Q3) 

(0.3050) 

-0.7879 (In Q4) 

(0.1591 ) 

+ 2.0861 (In Q5) 

(0.4192) 

In Hss In Q1 In Q2 In Q3 In Q4 In Q5 
upper bounds -;;4-. '"7 4';3~2;--5--.-'6""2"'17-1 ----5. 9639;-~5 .-;5"8 .... 1~0--.6~."""2-:5 7=7;"----:5-;. 5""'7"2~8 
lower bounds 2.5014 4.3290 4.1831 3.6109 4.1769 4.2743 

mean ~3~.9~3~0~0_~5~.0~7~4~4 __ ~5~.~37~9~1 ___ 4~.~7~06~4.~_5~.~4~1~77~~5~.0~5~9~5 

Guadalupe Estuary Spotted Seatrout Harvest = f (seasonal FINC c/) 
Very Highly Significant Natural Log Equation (a = 0.1%, r2 = 92%, S.E.Est. = 

.:!: 0.2697) 

In Hss = -4.6657 - 1.0928 (In Ql) 

(0.2925) 

+ 2.9924 (In Q2) 

(0.3273) 

- 1.7614 (In Q3) 

(0.3242) 

-0.7971 (ln Q4 ) 

(0.1663) 

+ 2.0911 (In Q5) 

(0.4307) 

upper bounds 
lower bounds 

mean 

In Hss 
4.7432 
2.5014 
3.9300 

In Q1 
5.6438 
4.3550 
5.1048 

In Q2 
5.9928 
4.2210 
5.4202 

In Q3 
5.5929 
3.6376 
4.7373 

In Q4 
6.2980 
4.2244 
5.4799 

In Q5 
5.6240 
4.3329 
5.1014 

where: 
In Hss 

In Q 

= natural log, inshore commercial spotted seatrout harvest, 
in thousands of pounds, 

= natural log, mean monthly freshwater inflow, in thousands 
of acre-feet: 
Ql = January-March 
Q2 = April-,June 
Q3 = July-August 

Q4= September-october 
Q5= November-December 

!y Standard error of each regression coefficient is shown in parentheses 
beneath the coefficients of the regression equations 

bl FINGD = freshwater inflcw at Guadalupe Delta 
SI FINC = corrbined freshwater inflow to Guadalupe estuary from all 

contributing river and coastal drainage basins 
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to 10.8 thousand pounds) as surrmer (July-August) inflow increases from 37.0 to 
265.3 thousand acre-feet per month. Based on the regression model described 
by the best significant equation, maximization of inshore rornnercial spotted 
seatrout harvest is statistically related to increasing spring and late fall 
season inflows and decreasing winter, summer, and autumn season inflows at 
Guadalupe delta. . 

Red Dnun 

Natural log transformation of the regression variables in the analysis of 
the red dnun fisheries component results in two significant logarithmic equa­
tions (Table 8-11). The best significant equation (second equation, Table 
8-11) accounts for 77 percent of the observed harvest variation and is high­
ly significant (a = 1.0%) for rorrelation of inshore red dnun harvests to all 
seasonal inflows (Q1 through Q5) to the estuary from all rontributing 
river and roastal drainage basins (FINe). 

The curvilinear harvest effects of each of, the rorrelating seasonal 
inflows in the best significant equation are negative for increasing January­
March (Q1) inflow (Panel A, Figure 8-7), strongly positive for increasing 
April-June (Q2) inflow (Panel B, Figure 8-7), negative for increasing July­
August (Q3) inflow (Panel e, Figure 8-7), negative for increasing September­
October (Q4) inflCM (Panel D, Figure 8-7), and pOsitive for increasing 
November-December (Q5) inflow (Panel E, Figure 8-7). Again, the strong 
positive effect of spring season inflow is noted with the estimate of harvest 
increasing 32.5 times (from 6.3 to 204.7 thousand pounds annually) as April­
June inflow increases 5.9 times over the observed range of 68.1 to 400.5 
thousand acre-feet per month. Similar to the previous analysis of finfish and 
spotted seatrout components, maximization of inshore red drum harvest is 
statistically related to increasing spring and late fall season inflows, while 
diminishing winter, summer, and autumn season inflows to the estuary from all 
contributing river and roastal drainage basins. 

Black Dnun 

Analysis of the black drum fisheries romponent also involves natural log 
transformation of the regression variables and results in two highly signi­
ficant equations (Table 8-12). The best significant equation (serond equa­
tion, Table 8-12) explains 76 percent of the observed harvest variation and is 
highly significant (a = 0.5%) for rorrelation of inshore black drum harvests 
to surmner (Q3 ) , autumn (Q4 ) , and late fall (Q~ ) season. inflows to the 
estuary from all rontributing river and roastal dra1nage basins (FINe). 

The curvilinear harvest effects of each of the rorrelating seasonal 
inflows in the best significant equation are positive for increasing July­
August (Q3) inflow (Panel A, Figure 8-8), strongly negative for increasing 
September-0ctober (Q4) inflow (Panel B, Figure 8-8), and positive for 
increasing November-December (Q5) inflow (Panel e, Figure 8-8). In parti­
cular, the estimate of harvest decreases 84.5 percent (from 149.7 to 23.2 
thousand pounds annually) as autumn (September-october) inflow increases ~er 
the observed range of 68.3' to 543.5 thousand acre-feet per month. Maximiza­
tion of inshore black dnun harvest is thus statistically related to decreasing 
autumn season inflow and increasing summer and late fall season inflows to the 
estuary from all rontributing river and roastal drainage basins. 

VIII-25 



Table 8-11. Equations of Statistical Significance Relatfng -the' Red 'Drum 
Fisheries Cbmponent to Freshwater Inflow Categories al 

Guadalupe Estuary Red Drum Harvest = f (seasonal FINGD b/) 
Significant Natural IDg Equation (oct = ,2.5%, r2 ='-76%, S.E.Est,.-= + ,0.,4061-) 

In Hrd = -2.2414 - 0.6486 (In Q1) 

(0.4373) 

+ 1.8957 (In Q2) 

(0.4925) 

-0.5449 (In Q4) 

(0.2537) 

+ 0.9527 (In Q5) 

(0.6685) 

- 0.4963 (In Q3) 

(0.4863) 

upper bounds 5.1885 5.6211 5.9639 5.5810 6.2577 5.5728 
lower bounds 3.1946 4.3290 4.1831 3.6109 4.1769 4.2743 

mean ~4~.~19~6~8 __ ~5~.~07~4~4~~5~.~37~9~1~_4~.~7~06~4~_5~.~4~1~77~~5~.0~5~9~5 

Guadalupe Estuary Red Drum Harvest = f (seasonal FINC c/) 
Highly Significant Natural IDg Equation (ct = 1.0%; r 2;; 77%, S.E.Est. = 

2: 0.3992) 

In Hrd = -2.2508 - 0.7121 (In Q1) 

(0.4328) 

+ 1.9642 (In Q2) 

(0.4845) 

-0.5816 (In Q4) 

(0.2461) 

+ 0.9958 (In Q5) 

(0.6375) 

- 0.5185 (In Q3) 

(0.4798) 

upper bounds 5.1885 5.6438 5.9928 5.5929 6.2980 5.6240 
lower bounds 3.1946 4.3550 4.2210 3.6376 4.2244 4.3329 

mean ..:.4:.... 1:.:9~6~8 __ .::.5~. 1:...:0:...:4:.::8 __ ~5~ • ..:.:42::..:0:..:::2~-,4:.: • ..:..7::..37:..:3,---,5:..:.c.::4~79::..:9~_5~.:...;1..:.0..:...:.14 

where: 
In Hrd = natural log, inshore oornnercial red drum harvest, in 

thousands of pounds; 
In Q = natural log, mean llIJI1thly freshwater inflOW, in thousands 

of acre-feet; 
Q1 = January-March 
Q2 = April ~une 
Q3 = July-August 

Q4= September-{)ctober 
Q5= November-December 

Standard error of each regression roefficient is shown in parentheses 
beneath the coefficients of the regression equations 
FINGD = freshwater inflow at Guadalupe Delta 
FINC = combined freshwater inflow to Guadalupe estuary from all 
contributing river and ooastal drainage basins 
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Table 8-12. Equations of Statistical Significance -Relating-the Black Drum 
Fisheries Component to Freshwater Inflow Categories 3f 

Guadalupe Estuary Black DrLnn Harvest = f (seasonal FINGD b/) 
Highly Significant Natural Log Equation (ex = 0,5%, r" = 75%, S.E.Est. = 

+ 0.4006) 

In Hba = -1.8548 + 0.7372 (In Q3) 

(0.3632) 

upper bounds 
lower bounds 

mean 

4.8752 
2.6946 
3.8788 

5.5810 
3.6109 
4.7064 

- 0.9250 (In Q4) 

(0.2331) 

6.2577 
4.1769 
5.4177 

5.5728 
4.2743 
5.0595 

+ 1.4380 (In Q5) 

(0.6361 ) 

Guadalupe Estuary Black DrLnn Harvest = f (seasonal FINC c/) 
Highly Significant Natural Log Equation (ex= 0.5%, r 2 = 76%, S.E.Est. = 

+ 0.3984) 

In Hba =-1.6231 + 0.8243 (In Q3) - 0.9000 (In Q4) + 1.2798 (In Q5) 

(0.3679) (0.2248) (0.6083) 

In Hbd In Q3 In Q4 In Q5 
upper bounds 4.8752 5.5929 6.2980 5.6240 
lower bounds 2.6946 3.6376 4.2244 4.3329 

mean 3.8788 4.7373 5.4799 5.1014 

where: 

3f 
bl 
Sf 

In Hbd = natural. log, inshore a:mrnercial black drLnn harvest, 
in thousands of pounds; 

lnQ = natural log, mean monthly freshwater inflow, in thousands of 
acre-feet: 
Q1 = January-March 
Q2 = April.:June 
Q3 = July-August 

Q4= September-october 
Q5= November-December 

Standard error of each regression aoefficient is shown in parentheses 
beneath the coefficients of the regression equations 
FINGD = freshwater inflow at Guadalupe Delta 
FINC = combined freshwater inflow to Guadalupe estuary fram all 
contributing river and coastal drainage basins 
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Fisheries Component Summary 

The fisheries analysis involves ten fisheries corrponents and two fresh­
water inflow source categories in the analytical design, allowing a maximum 20 
potentially significant equations. The analysis results in 16 regression 
equations of statistical significance and is thus successful for 80 percent of 
the oorrelations attempted. Although each of the inflow categories can poten­
tially produce ten significant equations, the analysis yields eight equations 
wi th freshwater inflow at Guadalupe delta (FINGD) and also I eight equations 
with combined inflow (FINC) to the estuary from all oontributing river and 
coastal drainage basins. Seasonal inflow needs are similar for fisheries 
COIlPOnents when the signs (positive or negative) on the regression ooeffi­
cients in the harvest equations are the same for a season of interest (Table 
8-13) • Therefore, the seasonal inflow needs of the fisheries conponents can 
reinforce each other. However, where seasonal inflow needs are of q:JpOSite 
signs, the fisheries oonponents beoome competitive in terms of inflow manage-

_ ment. Altogether, these results support the hypothesis that seasonal fresh­
water inflow has a significant impact on the estuary's fisheries, and by 
ecological implication, on the "health" of the ecosystem. 

Freshwater Inflow Effects 

Introduction 

The hydrologic importance of both tidal inlets and freshwater inflow for 
ecological preservation of estuaries has been recognized (130, 276). Since 
the diminution of freshwater inflow to an estuary can decrease nutrient cycl­
ing and also result in unfavorable salinity oonditions, many scientists have 
pointed to the deleterious effects of reduction and/or alteration of -an 
estuary's freshwater inflow regime (28, 167, 276, 137, 134, 168). Consequent­
ly, the addition of supplemental freshwater inflow for purposes of ecological 
maintenance and enhancing seafood production has been recommended for the Gulf 
estuaries of Texas (130, 326), Mississippi, and Louisiana (56). 

Perhaps the most direct and most apparent effects of freshwater inflow 
occur as a result of changes associated with estuarine salinity -conditions. 
In addition, the concentration of salts can interact with other environmental 
factors to stimulate species-specific biotic responses (4) which may be 
reflected in physiological adaptation to the estuarine environment (115, 116, 
391, 392), in species distribution patterns and community diversity (85, 75, 
61,87,24, 121), and ultimately in species evolution (112). Previous 
research emphasizing Texas estuarine-dependent species has dealt with several 
aspects of the inflow/salinity relationship including environmental limits 
(309), tolerance to hypersaline waters (79, 95, 7), and rapid recovery of 
typical estuarine coITmuni ty species at the end of a severe drought (104). In 
addition, salinity changes resulting from man's development of the estuary and 
its-contributing river and ooastal drainage basins have been reviewed relevant 
to many Texas estuarine-dependent species (83, 343), and their diseases and 
syrnbionts (170). 

While plants provide the estuary's primary production, most secondary 
production comes -froin the invertebrate bay fauna. For the invertebrates, 
inflow/salinity effects have a demonstrated physiological basis (8, 337, 117, 
125, 335) and are effective at modifying species distribution (284, 296, 172). 
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Table 8-13. Positive (+) and Negative (-) Correlation of Fisheries damponents to Seasonal Freshwater Inflow Categories 

Fisheries 
Comp::ments 

Shellfish 
FINGD 0/ 
FINC Y 

All Shrimp 
FINGD 
FINC 

White Shrimp 
FINGD 
FINe 

Winter Inflcw 
(Jan.-Mar. ) 

Q1 

+ 
+ 

+ 
+ 

BrCMn and pink Shrimp 
FINGD 
FINC 

Finfish 
FINGD 
FINe 

Spotted Seatrout 
FINGD 
FINC 

Red Dnnn 
FINGD 
FINe 

Black Drum 
FINGD 
FINe 

Surmnary: 

FINGD (+) = 2 
(-) = 3 

FINC (+) = 2 
(-) = 3 

spring InflON" 
(Apr.-,]un. ) 

Q2 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

(+) = 4 
(-) = 0 

(+) = 4 
(-) = 0 

FINGD = freshwater -infloW a~(fuadalupe delta 

Sunmer InflON 
(Jul.-Aug. ) 

Q
3 

+ 
+ 

+ 
+ 

(+) = 2 
(-) = 4 

(+) = 2 
(-) = 4 

Autumn InflON" 
(Sep.-oct. ) 

Q4 

+ 
+ 

+ 
+ 

+ 
+ 

(+) = 3 
(-) = 4 

(+) = 3 
(-) = 4 

Late Fall Infl""" 
(Nov.-Dec. ) 

Q5 

+ 
+ 

+ 
+ 

.,: 
+ 

+ 
+ 

(+) = 4 
(-) = 1 

(+) = 4 
(-) = 0 

~ FINe = freshwater inflow to estuary from all contributing river and coastal drainage basins 

Annual InflCM 
(Jan.-Dec. ) 

Q6 

(+) = 2 
(-) = 0 

(+) = 2 
(-) = 0 

Explained 
Variation 

r' 
(%) 

43 
37 

63 
62 

72 
74 

62 
60 

88 
88 

93 
92 

76 
77 

75 
76 

Significance 
Level 

a 
(%) 

5.0 
2.5 

2.5 
2.5 

1.0 
1.0 

0.5 
1.0 

0.1 
0.1 

0.1 
0.1 

2.5 
1.0 

0.5 
0.5 



The brackish water clam (Rangia cuneata) has been suggested as an indicato! of 
ecological effects associated with salinity changes because of its sensitivity 
(210); hCMever, the focus of invertebrate management is generally on the 
economically important nollusc (e.g., oyster) and crustacean (e.g., shrimp and' 
crab) rrembers of the invertebrate group (138). 

Shrimp 

The Gulf of Mexico shrimp fishery is the nost valuable fishery in the 
United States (67) and the Gulf estuaries play a crucial role in the pro­
duction of this renewable resource (69, 122). Corrmercial shrimp species are 
from the crustacean family Penaeidae. . White shrimp (Penaeus setiferus 
Linnaeus, 1767) and brCMn shrimp (P./aztecus Ives, 1891) predominate in Texas 
harvests, although the pink shrimp-CPo duorarum Burkenroad, 1939) also occurs 
in small numbers. Synopses of species life history and biological information 
are available for the white shrimp (129), brCMn shrimp (26), pink shrimp (30), 
and for all species in the genus Penaeus (382). Other information especially 

. important for management of this fisheries resource oomes from research on 
shrimp.spawning and early larval stages (348, 301, '317, 380), seasonal migra­
tion behavior (339, 2~, 251), utilization of estuarine nursery habitats (75), 
and major environmental factors influencing species population dynamics and 
production (212, 89, 144, 143, 32, 133) • Species-specific response to, 
inflCM/salinity oonditions in the estuary are fundamentally physiological (5, 
12, 219, 216, 124, 345), and therefore directly influence not only grCMth and 
survival of the postlarval shrimp (407, 408, 406, 390), but the distribution 
of the bay shrimp populationns as well (307; 86, 287). 

Results of the fisheries analysis (i.e.,. shellfish, all penaeid shrimp, 
white shrimp, and brCMn and pink shrinip fisheries oomponents) support the 
importance of freshwater inflCM to shrimp production and provide quantified 
data on the responses of oommercial inshore harvests from the Guadalupe 
estuary to seasonal fluctuations of the two analyzed inflow categories (i.e., 
FINGD and FINC). In general, the associated harvest responses are posi ti ve 
for winter (January-March), spring (April-,June), and autumn (September­
October) season inflows and negative for late fall (November-December) and 
one-year antecedent annual (January-December) inflCMs. In addition, white 
shrimp relate weakly negative to summer (July-August) inflCM, while brCMn and 
pink shrimp relate strongly positive to inflCM in the same season. 

Blue Crab 

Another major crustacean fishery species is the estuarine-dependent blue 
crab (Callinectes sapidus Rathbun, 1896). Previous research has described 
blue crab taxonomy (244, 285), life history (350, 243), migration behavior 
(291, 105, 251), and responses to environmental factors such as salinity (191, 
31, 213, 123) and storm water runoff (127). Although analysis of the blue 
crab fisheries component did not produce any statistically significant harvest 
equations, the life history and migrational information indicates that young 
crabs are nost abundant in the low salinity estuarine "nursery" areas from 
summer through fall. Therefore, it is probable that adequate freshwater 
inflow during this interval is nost important to good growth and survival of 
the blue crab stocks. 
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Bay Oyster 

The American oyster (Crassostrea virglnlca Gmelin) is a molluscan shell­
fish species that has been harvested from Texas bay waters virtually since the 
aboriginal Indians arrived many thousands of years ago and it continues today 
as the only estuarine bivalve (a type of mollusc) of current comnercial 
interest in the State. Because of man's historical interest in greater 
developnent and utilization of this fishery resource (e.g., raft farming, 
artificial reef formation, etc.), scientific information is available 00 the 
oyster's general ecology and life history (375, 395), as well as geographic 
variation of its populations (193). The effects of inflow/salinity are parti­
cularly important and have stimulated considerable research covering a wide 
range of subjects including effects on oyster distribution (303, 142, 43), 
gametogenesis (developnent of viable eggs and sperm) and spawning (349, 13, 
132, 185), eggs and larvae (6, 40, 376, 379, 97), respiration (310, 389), free 
amino acids which are protein building blocks (146), the effects on oyster 
reef grCMth and mortality (77, 292), abundance of faunal associates (77, 399) 
and reef diseases (218, 170). 

Previous studies have described the Texas oyster fishery ( 252 ) and the 
State's major oyster producing areas ( 383, 258). Numerous oyster reefs have 
been recently inventoried in the Guadalupe estuary with most located in mid to 
upper San Antonio Bay areas (363). > Classified "polluted areas" are closed to 
harvest /:ry' the Texas Department of Health under authority of Section 76.202, 
Parks and Wildlife Code, until such time as sampling indicates a return of 
healthy estuarine conditions. Currently, the areas closed include Mission 
Lake, Hynes Bay, Guadalupe Bay, and the bay area near Seadrift, Texas. During 
the 1972 through 1976 period, oyster harvest from the Guadalupe estuary has 
averaged 225,700 pounds (102,400 kg) annually, accounting for about B.6 per­
cent of the average annual Texas oyster harvest at this time. By comparison, 
the Lavaca-Tres Palacios estuary contributed 8.7 percent and the Trinity-San 
Jacinto estuary contributed 81.8 percent of the average annual oyster harvest 
in Texas during the same period. 

Extreme high or lCM inflow can drastically affect oyster mortality, 
especially when the duration of unfavorable conditions persists for several 
months. Although severe flooding in the spring (April-,June) and autumn 
(September-Gctober) seasons have been responsible for much oyster mortality in 
the upper portion of the Guadalupe estuary, dredging qJerations are also cited 
as a major environmental factor affecting the estuary's oyster production and 
the loss of many formerly productive reefs (245, 2). Analysis of the bay 
oyster fisheries component did not produce any statistically significant 
harvest equations; hCMever, similar anlaysis of oyster harvest from adjacent 
estuaries (i.e, Lavaca-Tres Palacios and Mission-Aransas estuaries) indicates 
a positive relationship to late fall (November-December) and winter (January­
March) season inflCMs and a negative response to increased summer (July­
August) season inflCM. 

FinfiSh 

Estuaries playa vital functional role in the life cycle and production 
of most coastal fish species (347, 109, 136, 247, 106). Environmental sensi­
tivity of the estuarine-dependent fishes has allCMed the use of species 
diversity indices as indicators of pollution (289). Although migration does 
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occur across the I::oundary between riverine and estuarine habitats by I::oth 
freshwater and estuarine-dependent marine fishes (166, 182), there is a pre­
dominance of young marine fishes found in this low salinity area (78). 

In general, - seasonal variations in estuarine fish abundance are related 
to life history and migrational- behavior (88, 313, 312, 107, 291, 105, 251, 
189, 286, 404, 257). The primary effects of inflow/salinity are physiological -
(103, 108, 126), and are particularly important for the survival of the early 
life stages (102), the metal::olism (i.e., metal::olic stresses) of adult bay 
populations (306, 308-, 315, 280, 394)and juvenile rates of adaptability (281, 
282). LcM temperature extremes can also interact physiologically with 
salinity stress to produce dramatic fish mortality (72, 73, 76). -

The importance of freshwater inflow to finfish of the Guadalupe estuary 
is strongly supported by the fisheries analysis. Harvest resPonses are posi­
tive to inflow from spring (April...,June) and late fall (November-December) 
seasons and negative to winter (January-March), summer (July-August), and 
autumn (September---<Jctober) season inflows. However, this freshwater inflow­
regime appears to conflict with shrimp fisheries harvests which exhibit 
positive responses to winter and autumn season inflows. 

Spotted Seatrout 

One of the most characteristic fish families of the bays, estuaries and 
neritic coastal waters between Chesapeake Bay and the Amazon River is the 
modern I::ony-fish (teleost) family Sciaenidae (347, 217, 106). The sciaenid 
genus Cynoscion contains four species in the Western Atlantic and Gulf of 
Mexico (three in Texas waters) with the most valued fishery species, the 
spotted seatrout (Cynoscion nebulosus Cuvier), also recognized as the most 
divergent of the four seatrout species (378). The greater restriction and­
estuarine-dependence of this species are reflected in its nearly exclusive 
utilization of estuarine habitats (68, 207, 62) and the increased genetic 
differences among populations in separate bays (398). Previous research has 
described spotted seatrout life history and seasonal abundance in Texas waters­
(351, 313, 238, 239, 312, 107, 105, 251), and the effects of inflow/salinity 
on metal::olism (i.e, metal::olic stresses) as salt concentration varies from an 
optimum condition of about 20 ppt salinity (279, 280, 304, 394, 281, 282). 

Analysis of spotted seatrout harvests in the Guadalupe estuary indicates 
a positive seasonal response-to spring (April...,June) and late fall (November­
December) inflows and negative responses to inflows during winter (January­
March) ,summer (July-August), and autumn (September~ctober) seasons. Results 
of the fisheries analysis strongly support the importance of seasonal fresh­
water inflow to production and harvest of the spotted seatrout. 

Red Drum 

Another important sciaenid species is the red drum or redfish (Sciaenops 
ocellata Linnaeus). Prior studies have reported on the general biology, food 
items, and seasonal distribution of the red drum (351, 313, 238, 239, 148, 
314, 312, 107, 405, 251, 106, 105, 169). In addition, the effects of inflow/ 
salini ty on the metal:x:>lism (i. e., metal:x:>lic stresses) of the species have been 
investigated as salt concentration varies from an optimum of about 25 ppt 
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salinity (280, 394, 281, 282). Similar to results from the finfish and 
spotted seatrout fisheries romponents, analysis of the red drum romponent also 
ShCMS that Guadalupe estuary harvests are positively related to increasing 
spring (April-'June) and late fall (November-December) season inflows and 
negatively related to increasing winter (January-March), summer (July-August), 
and autumn (September-octoberl season inflows. 

Black Drum 

The black drum (pogonias cramis Linnaeus) is also a sciaenid species of 
corrrnercial and recreational interest. The general biology and life history 
aspects, including migrations and seasonal distributions, have been reported 
previously (313, 106, 251, 351, 314, 312, 347). In addition, the effects of 
inflCM/salinity on the metabolism (i.e., metabolic stresses) of the species 
have been investigated at salt roncentration varies from an optimum of about 
20-25 ppt salinity (280, 394). The seasonal importance of freshwater inflow 
to the species J production and harvest are dell'Onstrated by the fisheries 
analysis. Results indicate positive harvest responses to summer (July-August) 
and late fall (November-December) season inflows and a negative response to 

, inflow during the autumn (September-Gctober) season. The positive response to 
summer inflow is unique a=ng fish species analyzed since the finfish, spotted 
seatrout, and red drum fisheries romponents all exhibit negative responses to 
increased summer inflow.' This may be due to the summer presence of juvenile 
black drum in brackish estuarine' "nursery" areas following the peak 'spawning 

'period of February to May (313, 351, 314). 

Harvest ReSponse to Long- and Short-Term Inflow 

The fisheries analysis spans the recent 1962 through 1976 short-term 
interval where lI'Ore complete and rorrpatible fisheries data exist; however, 
long-term inflow data are available for the estuary from 1941 to 1976 (see ,J 

Chapter IV). Average (arithmetic mean) inflow rondi tions are rorrputed and a 
frequency analysis (i.e., Log-Pearson Type III) of the long-term inflow data 
can yield information about the exceedance frequencies of seasonal inflow to 
the estuary, including the frequency (percent) at which short-term average 
(arithmetic and geometric mean) inflow ronditions were exceeded in the long­
term record (Table 8-14). Exceedance frequencies of the short-term seasonal 
inflows are all below the 50 percent frequency level and vary from 43 percent 
(spring, FINGD) to 28 percent (autumn,' FINC). Since lower exceedance frequen­
cies indicate higher inflow, the short-term inflows are indicated as rompara­
tively "wetter" than the long-term temporal median inflows. 

Al though the central seasonal tendencies of the short-term record are 
given as average inflow conditions, the long-term central tendencies are 
expressed by both average inflow ronditions and the 50 percent exceedance 
frequency inflows which reflect the terrporal median inflows to the estuary 
from the freshwater source categories (92). When short-term and long-term 
average inflow ronditions, as well as the long-term 50 percent frequency 
inflow ronditions, are used separately as input to the previously developed 
fisheries regression equations, predicted harvest responses can be rorrputed 
for corrparison (Table 8-15). There are eight positive and eight negative 
harvest responses to long-term mean inflows, and two positive and 14 negative 
harvest responses to the 50 percent exceedance frequency inflows, for a total 
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Table 8-14. COIlparison of Short-Tenn and Long-Tenn Seasonal Inflow, Including Inflow Exceedance Frequencies 

Short-Tenn Mean Seasonal Inflow al 
Wi th Long-Tenn ~x~ance FrequenCies 

Long-Tenn Seasonal Inflow .£/ 
.-------------------

Freshwater 
InflQol category 
and Season 

FltliD, 
Q1 Q2 Q3 Q4 Q5 

Guadalupe Delta InflQol 
(Jan. - March) 
(April - June ) 
(July - Aug. ) 
(Sept. - Oct. ) 
(Nov. - Dec. ) 

Total 

FINC, Combined Drainage InflQol 
Q1 

(Jan. - March) 
Q2 

(April - June ) 
Q3 

(July - Aug. ) 
Q4 

(Sept. - Oct. ) 
Q5 

(Nov. - Dec. ) 
Total 

D D 1 Df s s-
Mean 

InflQol (EF%) c/: Inflow (EF%) InflQol (EF%) InflQol 

480.4 (36) 526.9 (32) 479.6 (36) 457 
797.3 (34) 753.7 (36) 650.5 (43) 704 
254.5 (35) 256.9 (35) 221.3 (41) 240 
540.2 (27) 525.9 (28) 450.7 (36) 472 
314.5 (35) 314.5 (35) 315.0 (35) 301 

2,386.9 2,377.9 2,117.1 2,174 

490.7 (37) 540.5 (32) 494.4 (37) 468 
824.8 (33) 782.9 (36) 677.8 (42) 726 
264.3 (36) 263.1 (36) 228.3 (42) 254 
570.8 (28) 557.5 (28) 479.6 (34) 498 

313 
2,259 

328.5 (34) 
2,208.6 

327.9 (34) ~27.9 (34) 
"2"";478.5 2,471.9 

a1 Short-tenn inflow data bases with seasonal volumes in thousands of acre-feet,-

10% EF 50% EF 90% EF 
InflQol Inflow Inflow 

930 360 72 
1,500 540 75 

510 170 18 
1,080 280 46 

620 210 36 
4,640 1,560 247 

948 363 75 
1,560 561 81 

550 180 20 
1,100 310 54 

680 220 38 
4,838 1,634 268 

.-------
.- D = inflQol (Nov. 1961 - Oct. 1976) used in analysis of Shellfish, All Shrimp, White Shrimp, and Brown and Pink 

s Shrimp fisheries components 
D 1 = l-year antecedent inflow (Jan. 1961 - Dec. 1975) used in analysis of Blue Crab and Bay Oyster fisheries s- oomponents 
D

f 
= 3-year average antecedent inflow (Jan. 1959 - Dec. 1975) natural log transfonned and used in analysis of 

Finfish, Spotted Seatrout, Red Drum, and Black Drum fisheries oomponents. Mean values are geometric means. 
b/, Selected exceedance frequencies (Log-Pearson Type III) and their respective seasonal inflow volumes; in thousands of 
- acre-feet, from the long-tenn historical record (1941-1976). 
£! Long-term exceedance frequencies, in percent, of the short-term mean seasonal inflows. 
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Table 8-15. Estimated Average Inshore Harvest Responses from Fisheries Oomponent Equations Using 
Short-Term Mean Inflow, Long-Term Mean InflOil and Long-Term 50 Percent Exceedance 
Frequency Inflow. 

Guaaalupe Delta Inflow 
FINGD 21 

Fisheries -:- short-Term: Long-Term : Long-Term 
Oomponent :Mean Inflow: Mean-Inflow : 50%EF c/ Inflow 

: Harvest d/:Harvest (Shift) e/:Harvest (Shift) 

Shellfish 

All 
Shrirrp 

White 
Shrirrp 

BrOlIn & pink 
Shrirrp 

Finfish 

Spotted 
Seatrout 

Red Drum 

Black 
Drum 

2,162.1 2,096.5 

1,075.6 1,107.3 

774.8 872.6 

261.1 241.7 

212.2 213.2 

50.9 51.7 

66.5 71.5 

48.4 46.1 

(-3.0) 2,034.4 (-5.9) 

(+2.9) 1,047.9 (-2.6) 

(+12.6) 

(-7.4) 

(+0.5) 

(+1.6) 

(+7.5) 

(-4.8) 

793.3 (+2.4) 

194.5 (-25.5) 

169.2 (-20.3) 

39.9 (-21.6) 

56.5 (-15.0) 

34.5 (-28.7) 

Freshwater inflow at Guadalupe Delta 

Oolnbined Inflow 
FINC !y 

:Short-Term: Long-Term Long-Term 
:Mean Inflow: Mean Inflow :50% EF Inflow 

Harvest :Harvest (Shift):Harvest (Shift) 

2,162.1 2,089.9 (-3.3) 1,990.9 (-7.9) 

1,075.6 1,103.0 (+2.6) 1,034.2 (-3.9) 

774.8 

261.1 

212.2 

50.9 

66.5 

48.4 

875.7 (+13.0) 

249.1 (-4.6) 

211.1 (-0.5) 

48.3 (-5.1) 

69.8 (+5.0) 

48.0 (-0.8) 

786.6 (+1.5) 

200.7 (-23.1) 

167.9 (-20.9) 

37.7 (-25.9) 

55.9 (-15.9) 

35.3 (-27.1) 

~ 
c/ 
d/ 
e/ 

Combined freshwater inflow from all contributing river and coastal drainage basins 
EF = exceedance frequency 
Average inshore harvest, in thousands of pounds 
Shift in percent increase (+) or decrease (-) of harvest 



of 32 computed harvest responses (10 positive, 22 negative). 'Itle harvest 
responses are variable among the fisheries components and range from an 
estimated +13.0 percent shift in white shrimp harvest to an estimated -28.7 
percent shift in black drum harvest, when compared to the harvest levels 
resulting from the observed short-term record. 'Itle results reflect not only 
differences in inflow quantity, but also differences in the seasonal 
distributions of inflow from the freshwater source categories. In addition, 
they suggest that fisheries harvests based on the long-term inflows would be 
somewhat lower overall than those resulting from the "wetter" 15-year 
experience of the recent short-term record unless management policies favored 
the specific seasonal inflow needs of preferred fisheries components. In 
actuality, it is difficult and in many cases impossible to maximize the 
harvests from more than one fisheries component at the same time because of· 
competitive seasonal inflow needs among the species. Nevertheless, management 
scenarios for inflow can be developed that predict good harvest levels from 
several of the fisheries components simultaneously (see Chapter IX). 

Summary 

Virtually all of the Gulf fisheries species are estuarine-dependent. 
Commercial inshore harvests from bays of the Guadalupe estuary rank· third in 
shellfish and sixth in finfish of eight major Texas estuarine areas. In addi­
tion, the sport or recreational finfish harvest is approximately equal to the 
corrmercial finfish harvest in the estuary. For the 1972 through 1976 inter­
val, the average annual sport and corrrnercial harvest of fish and shellfish 
dependent upon the estuary inshore and offshore components is estimated at 
13.4 million pounds (6.1 million kg). 

Although a large portion of each Texas estuary's fisheries production is 
harvested offshore in collective association with fisheries production from 
other regional estuaries, inshore bay harvests are useful as relative indica­
tors of the year-to-year variations in an estuary's surplus production (i.e., 
that portion available for harvest). 'Itlese variations are affected by the 
seasonal quantities and sources of freshwater inflow to an estuary through 
ecological interactions involving salinity, nutrients, food (prey) production, 
and habi tat availability. 'Itlerefore, the fisheries species can be viewed as 
integrators of their envirorunent' s conditions and their harvests used as 
relative ecological indicators, insofar as they reflect the general product­
ivity and "health" of an estuarine ecosystem. 

A time series analysis of the 1962 through 1976 commercial bay fisheries 
landings was successful for 80 percent of the correlations attempted between 
the harvests and the seasonal freshwater inflows to the Guadalupe estuary. 
The analysis of harvest as a function of the seasonal inflows results in 16 
statistically significant regression equations. 'Itlese equational models 
provide numerical estimates of the effects of variable seasonal inflows, 
contributed from the major freshwater sources, on the corrrnercial harvests of 
seafood organisms from the estuary. 'Itle analysis also supports existing 
scientific information on the seasonal importance of freshwater inflow to the 
estuary. All harvest responses to spring (April-0une) inflow are estimated to 
be positive for in=eased inflow in this season. In addition, harvest 
responses to late fall (November-December) inflow are all positive, except for 
the weakly negative response of .the shellfish component. 'Itle harvest 
responses to winter (January-March) and autumn (September-october) inflows are 
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split between shrimp and fish components, with shrimp relating positively and 
fish relating negatively to inflow in these seasons. Increased summer (July­
August) inflow relates negatively to all fisheries components, except for 
black drum and brown and pink shrimp which exhibit positive correlations to 
sunnner inflow. 

Where the estimated seasonal inflow needs of'the fisheries components are 
similar, the components reinforce each other, however, where components are 
competitive by exhibiting opposite seasonal inflow needs, a management deci­
sion must be made to balance the divergent needs or to give preference to the 
needs of a particular fisheries component. A choice could be made on the 
basis of which species' production is more ecologically characteristic and/or 
economically important to the estuary. Whatever the decision, a freshwater 
inflow management regime can only provide an opportunity for the estuary to be 
viable and productive because there are no guarantees for estuarine productiv- . 
i ty based on inflow alone, since many other biotic and abiotic factors are 
capable of influencing this production. 
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CHAPTER IX 

ESTIMATED FRESHWATER 
INFUM NEEDS 

Introduction 

In previous chapters, the various physical, chemical and biological 
factors affecting the Guadalupe estuary have been discussed. There has been a 
clear indication of the importance of the quality and quantity of freshwater 
inflows to the maintenance of a viable estuarine ecology. The purpose in 
Chapter IX is to integrate the elements previously described into a method­
ology for establishing estimates of the estuary's freshwater inflow· needs, 
based upon historical data. 

Methodology for Estimating Selected Impacts of Freshwater Inflow 
Upon Estuarine Productivity 

The response of an estuary to freshwater inflow is subject to a number of 
factors and a variety of interactions. These include changes in salinity due 
to mixing of fresh and saline water, fluctuations in biological productivity 
arising from variations in nutrient inflows, and many other phenomena. 

The methodology presented here incorporates major interacting elements 
described in previous chapters (Figure 9-1). The methodology includes the use 
of data bases and certain analytical processes described herein. Data for 
these analyses include six groups: (1) metabolic data for finfish and shell­
fish, (2) commercial fisheries harvest data, (3) hydrologic data of freshwater 
and saline water, (4) water quality data, (5) aquatic food chain data, and (6) 
terrestrial and aquatic, geollOrphologic data of the estuary and the surround­
ing coastal area. 

In this section data and results of previous sections are used in an 
Estuarine Linear Prograrnning (LP) Model to oompute estimates of the IlOnthly 
freshwater inflows needed to achieve specified objectives. These include: 
(1) statistical analyses of relationships a=ng freshwater inflow, commercial 
fisheries harvest, and estuarine salinity; (2) estimates of marsh freshwater 
inundation needs; (3) estimates of nutrient exchange; and (4) records of his­
torical fresh water inflow. The tidal hydrodynamic and salinity transport 
models are then applied to compute salinity levels and circulation patterns 
throughout the estuary for a set of IlOnthly freshwater inflows. 

Application of the Methodology to Compute Estimates of 
Freshwater Inflow Levels Needed to Meet Selected Objectives 

The schematic indicated in Figure 9-1 shows the sequence of steps 
utilized in oomputing the freshwater inflow needs to achieve specified objec­
tives as expressed in terms of salinity, marsh inundation, and productivity. 
The six data bases developed for the Guadalupe estuary provide the fundamental­
informa tion of the system. These data were used in previous sections of the 
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analyses. The relationships and results are incorporated into the Estuarine 
Linear Programming Model to compute estimates of effects of various levels of 
monthly freshwater inflOW' upon near-shore salinities, marsh inundation and 
fisheries harvests in the estuary. This model uses an optimization technique 
to select the optimal or "best" rronthly inflOW's for the objective specified. 
The estimated rronthly inflOW's are then used as data inputs in the tidal hydro­
dynamic and salinity transport models to simulate the effects of the inflows 
upon circulation and salinity patterns in the entire estuary. Should the rom­
puted salinity conditions in certain critical areas of the estuary be unsatis­
factorily high or lOW', then the freshwater inflOW' estimates would require 
appropriate modification. This revision of the estimates (indicated by the 
dashed line in Figure 9-1) would necessitate a revision of the Estuarine Linear 
Programming Model. 

The data bases and analytical processes utilized in this chapter have been 
described in detail in previous chapters (Figure 9-1). Only the procedures 
necessary to establish salinity tounds, estimate marsh inundation needs, and 
apply the Estuarine Linear Programming Model are presented in this chapter. 

Salinity Bounds for Fish and Shellfish Species 

The effects of salinity on estuarine--clependent fisheries organisms are 
fundamentally physiological, and influence grCMth, survival, distribution, and 
ecological relationships (see Chapter VIII). 

Specific information on salinity limits, preferences and/or optima for 
selected fisheries species has been tabulated from the scientific literature 
and TrMR research data (Table 9-1). The optimum rondition for rrost of these 
species lies between 25 percent and 75 percent seawater (8.8-26.3 ppt). Young 
fish and shellfiSh corrrronly utilize estuarine "nursery" habitats below' 50 per'­
cent' seawater (less than 17.5 ppt), while adults seem to prefer salinities 
slightly higher than 50 percent seawater. In general, and within the tolerance 
limits, it is the season, not salinity ~ se, that is rrore important because 
of life cycle events such as spawning and migration. While the salinity limits 
for distribution of the species are ecologically informative, they are often 
physiologically too broad. Conditions enrouraging good grOW'th and reproduction 
are comrronly restricted to a substantially narrOW'er range of salinity than are 
simple survival needs. 

Salinity data, when combined with life cycle information, were to be 
utilized to provide seasonal tounds on estuarine salinity within which fish and 
shellfish can survive, grOW', and maintain viable populations (Table 9-2). Since 
universal consensus is not evident for precise salinity viability limits, the 
seasonal tounds were established subjectively based upon the results available 
from scientific literature (Table 9-1). It is important to note that these 
limits are site specific and adjusted to a single rontrol point in the estuary, 
belOW' the "null zone"l1 in upper San Antonio Bay near the Guadalupe River 

.J.! Null zone: The general area where the net landward flOW' creates ·the phe­
nomenon of landward and seaward density currents being equal but opposite 
in effect. The nullification of net tottom flows in this area allows 
suspended materials to accumulate and has also been termed the entrapment 
zone, the critical area, the turbidity maxima, the nutrient trap, and the 
sediment trap (364, 93). 
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delta. The limits are expressed as mean (average) m::>nthly salinities for 
general limits of viability. From the indicated location, salinities generally 
increase toward the Gulf inlets (Brown Cedar Cut and Pass Cavallo via Saluria 
Bayou) and eventually attain seawater roncentration (35 ppt). The salinity 
gradient is thus steeper during seasons of higher inflow (e.g., the spring) and 
less distinct during seasonal low inflow (e.g., the summer). Moreover, 
estuarine-dependent species have adapted their life cycle to the natural 
freshwater inflow. 

Although the fisheries species can generally tolerate salinities greater 
or less than the m::>nthly specified viability range, foraging for food and 
production of body tissue (growth) beromes increasingly more difficult under 
extreme salinities, and may eventually cease altogether because body main­
tenance requirements ronsume an increasing allOunt of an organism's available 
energy under unfavorable ronditions. High rrortality and low production are 
expected during prolonged extremes of primary environmental factors such as 
salinity and temperature. 

Monthly Salinity Conditions 

The salinities within an estuarine system fluctuate with variations in 
freshwater inflow. During periods of severe flood or drought, salinity regimes 
may be so altered from oormal ronditions that m::>tile species romnonly residing 
in the estuary may be forced to migrate to other areas where environmental 
condi tions are m::>re suitable. Generally, however, the estuarine-dependent 
species will remain during oormal periodic salinity fluctuations. Should the 
normal salinity ronditions be altered for prolonged periods due to natural or 
man-made causes, the diversity, distribution and productivity of species within 
an estuary will be restricted. 

The median m::>nthly salinities in Table 9-2 are a measure of the oormal 
monthly salinities of the estuary. The median m::>nthly salinity is that value 
for which one-half of the observed average m::>nthly salinities exceed the 
median and one-half are less. . The median m::>nthly salinity thus reflects the 
"expected" salinity in the estuary. Median rrnnthly salinities have been 
corrputed for the area in upper San Antonio Bay for which the rrnnthly salinity 
regression equations were developed (Table 9-2). 

Marsh Inundation Needs 

The periodic inundation of deltaic marshes serves to maintain shallow 
protected habitats for postlarval and juvenile stages of several irrportant 
estuarine species, provides a suitable fluid medium for nutrient _exchange 
processes, and acts as a transport mechanism to m::>ve detrital materials (food) 
from the deltaic marsh into the open estuary. The areal extent of deltaic 
marsh inUndation is a function of the channel capacity, discharge rate and 
volume, wind direction, and tidal stage. 

Historically, the discharge rates of Texas' rivers have fluctuated on a 
seasonal basis. Monthly freshwater inflows usually peak in the spring and 
early fall, reflecting the increased rainfall and surface ruooff that oormally 
occurs during these m::>nths. The cyclic periods of high and low freshwater 
discharge have influenced the evolution of estuarine dependent organisms, 
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Table 9-2. Salinity Characteristics of Upper San Antonio Bay 

-----------------------------------------------------

Month 
: 

upper b/ 
Viability 

Limit 

: 

. . 

Salinity in 
Upper San Antonio Bay a/ 

(ppt) -

----------
Laver b/ 

Viability 
Limit 

: 
Mead ian 

Historic 
Salinity 

---_._-----_._--------" -----------
Januaq 20 10 13 

Februaq 20 10 12 

March 20 10 12 

April 15 5 13 

May 15 1 10 

June 9 

. July 20 10 11 

August 20 10 17 

September 15 5 13 

October .15 5 13 

November 20 10 13 

December 20 10 14 

a/ Represented-by the average of TImR network -Sites-i462.03 and 2462.01-­
- (Figure 3-8). 
EV These values represent the limits of long-term viable species activity, at 

a control point in the estuaq and not individual organism survival 
limits. 
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especially the early life stages which are dependent upon marsh inundation and 
nutrient processes for biological productivity. 

The Guadalupe River delta, the only major river delta in the Guadalupe 
estuary, is subject to periodic inundatio~ by freshwater due to dis­
charge from the Guadalupe River system. The areal extent of deltaic inunda­
tion is a function of wind, tide, and discharge rate and volume. If high 
tides are present, the area of the delta inundated by a given peak flood 
discharge is greater than that occurring with normal or low tides. 

To formulate a water management program that incorporates deltaic inunda­
tion as a management procedure, it is necessary to determine both the period­
icity and magnitude of historical flood events for the delta. If what has 
happened naturally in the past has been sufficient, to maintain the product­
ivity of the estuary, incorporation of historical patterns into a management 
plan will most likely provide inundation sufficient to maintain productivity 
in the future. 

Historical deltaic inundation was cnmputed through the use of a hydro­
dynamic model for GuadaluR€' delta (45). A series of peak discharges ranging 
fran 4,000 to 30,000 ft3/sec (113 to 850 m3/sec) (for normal and high 
tidal regimes) were used in the analysis and the areal extent of deltaic 
inundation was determined for each tide/discharge scenario. With normal tides 
(1.8 feet to 2.2 feet [0.55 - 0.67 m] above MSL), a peak discharge of 4,000 
ft3/sec (113 m3/sec) was sufficient to begin inundation of the delta. 
During high tides (range 2.3 feet to 3.1 feet [0.70 - 0.94 m] above MSL), the 
model predicted that a 4,000 ft3/sec (113 m3/sec) peak discharge from the 
Guadalupe River system would result in inundation of 61 percent of the delta. 

Since historical tide stages are unknown for a large portion' of the 
period of record, a daily peak discharge of 4,000 ft3/sec (113 m3/sec) or 
greater was cnnsidered a potential inundation event. This figure was selected 
on the basis of model predictions showing inundation beginning to occur for 
normal tides as freshwater inflow to the delta approaches 4,000 ft3/sec (113 
m3/sec) • 

Daily gaged discharge data for the period of record (1941-1976) were 
examined to arrive at monthly and seasonal distributions of discharge events 
with peak flows of 4,000 ft3/sec (113 m3/sec) or greater (Table 9-3). It 
was apparent that more inundation events have occurred in the spring months of 
April, May, and June than during any other seasonal period. The data suggest 
that inundation events in the Guadalupe delta have occurred more often in the 
spring and fall than in winter and summer. According to biological evidence, 
spring inundation events are necessary for (1) adequate Plysical wetting of 
the marsh plant cnmmunities, (2) nutrient exchange and biogeochemical cycling 
of carbon, nitrogen and Plosphorus, (3) transport of detrital food materials, 

Y Deltaic inundation is defined as submergence of a portion of the river 
del ta by water to a depth of at least 0.5 feet (O. 15 m) for a period not 
less than 48 hours. These values are based upon TIWR supported research 
(271, 275). Studies indicate that maximum rates of nutrient release from 
the sediment to the overlying water cnlumn occur and diminish within the 
first 48 hours of a discrete inundation event, following a prolonged 
period of emergence and ,drying. 
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Table 9-3. Peak Gaged Discharge for Discrete Flood Events Greater Than 4,000 ft3/sec in the Guadalupe River Delta, 
1941-1976 

Jan. Feb. Mar. Apr. May Jun. Jul. -Aug. Sep. Oct. Nov. Dec. 

ft}/sec 

19,740 90,200 17,260 35,680 58,100 62,000 92,900 23,010 247,000 85,800 47,000 29,210 _ 
18,740 25,050 15,335 35,130 66,590 59,140 28,200 14,990 57,150 55,800 44,073 -21,423 
15,810 17,827 15,202 34,090 49,930 39,540 20,390 11,370 54,395 41 ,650 31,500 12,967 
13,200 17,160 9,87 27,259 38,920 30,850 15,570 9,755 43,730 36,950 23,057 11,754 
12,528 15,920 9,573 26,510 29,320 21,710 _ 14,524 9,077 36,530 30,639 20,120 10,880 
12,250 15,138 7,402 18,507 28,530 21,180 13,636 7,910 19,700 30,020 14,544 10,381 
11,530 11,080 6,785 14,200 24,330 20,220 10,157 7,857 18,040 20,620 14,250 9,920 

9,732 9,130 6,173 -14,100 20,590 18,064 7,920 6,859 15,204 15,260 14,103 9,494 
8,600 8,528 6,096 12,398 19,714 17,183 7,360 5,921 14,946 13,449 14,048 8,794 
8,502 6,672 5,077 10,974 18,004 14,606 5,777 4,483 13,370 13,383 13,100 6,860 
7,550 6,219 4,289 10,548 16,570 14,051 5,077 4,023 10,120 10,003 9,277 6,833 
6,165 5,892 4,263 10,368 14,918 13,053 4-,874 9,827 9,360 7,760 5,259 

H 
5,620 5,754 10,057 14,250 12,930 4,458 9,516 8,928 6,688 4,765 

X 5,489 8,730 13,640 11,151 4,034 8,680 7,398 6,674 4,623 
I 5,381 7,375 12,850 10,150 6,300 5,570 6,151 4,277 '" 4,849 6,365 12,780 8,749 5,970 4,930 5,742 

4,737 6,228 12,430 7,912 5,777 4,662 
4,285 4,428 12,170 7,532 5,334 4,519 

4,265 11,460 6,436 5,285 4,411 
11,425 5,595 4,567 
11,350 5,537 
11,254 5,265 
11 ,240 4,836 
10,900 4,624 
10,488 
10,142 
9,894 
8,872 
8,594 
7,707 
6,508 
6,426 Median peak flood discharge 
4,944 April-June 12,500 ft3/sec 
4,530 September-December = 12,500 ft3/sec 

----



and (4) reduction of salinity to suit the preferences of young, estuarine­
dependent organisms utilizing the "nursery" habitats of the IlBrsh and adjacent 
shallow water areas. Although fewer juveniles inhabit the nursery areas 
during the tropical storm dominated fall season, the sporadic inUndation 
events of that season also provide similar llBintenance benefits to the 
estuary. 

If historical inundation events (peak daily flows greater than 4,000 
ft3/sec [113 m3/secl) are grouped into those that occur during the spring 
(April, May, and June), those that occur during the late fall and early winter 
(September, October, November, and December), and the total that occurs during 
the year, it is evident that an average of five inundation events have 
occurred per year in the Guadalupe delta over the period of record (Table 
9-4). In order to llBintain the historical inundation frequency, the Guadalupe 
River delta would need to receive a IlEdian of five flood events per year 
greater than 4,000 ft3/sec (113 m3/sec). 

Ideally, inundation events should occur at times which would provide the 
most benefit to estuarine organisms. The irrportance of at least one spring 
and one fall event has . been discussed previously. Since low salinities and 
shallow habitat (for protection of the young) are prillBry requisites during 
the spring, any inundation events occurring during this period will provide 
the greatest benefit ·to the organisms. An inundation event in April and sub­
sequent events in May and June would be expected to extend favorable habitat 
conditions for larvae and juvenile stages of estuarine--dependent organisms. 
The April-,June and September-December median daily peak discharges over the 
period of record have been 12,500 ft3/sec (354 m3/sec). 

The typical flood hydrograph for the contributing basins associates flood 
volume of 125,000 acre-feet (15 million m3), with the above peak discharge. 
The percent of IlBrsh inundated as computed I:ri the delta hydrodynamic Il'Odel, 
will vary with wind direction and tide stage. With a rormal tide (range 1.8 
feet to 2.2 feet [0.55 - 0.67 ml above MSL) and peak discharges of the above 
mentioned IlBgnitudes, the Il'Odel predicts that only about 28-30 percent of the 
delta area 'will be inundated. Under a "high tide" (range 2.3 to 3.1 feet 
[0.70 - 0.94 ml above MSL) similar peak discharges will result in inundation 
of 78-80 percent of the Guadalupe delta. 

Estuarine Linear Programming Model Description 

The combination of desired objectives and environmental and physical 
constraints relating the effects of freshwater inflows with selected estuarine 
indicators is termed the Estuarine Linear Progranrning Model. The Il'Odel 
relates the conditions of the estuary, in terms of a specified criteria, to 
the set of relevant variables, including IIOnthly inflows from the Guadalupe 
Ri ver Basin and San Antonio River Basin.1I A Linear Progranrning (36) 
optimization procedure is used to determine the IIOnthly freshwater inflows 
from the Guadalupe and San Antonio .River Basins needed to meet specified 

V-Additional freshwater inflows are contributed to the estuary from the San 
.- Antonio-Nueces and Lavaca-{;uadalupe Coastal Basins; however, the indi­

vidual IIOnthly inflows from these sources are taken to be fixed at their 
historical IIOnthly average inflow over the period 1941 through 1976. 
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Table 9-4. Frequency of Annual and Seasonal Flood Events with Peak Daily 
Gaged Flows Greater than 4,000 ft3/sec in the Guadalupe River 
Delta, 1941-1976. 

Number of Occurrences over Pericd of Record 

EVents per 
Pericd Spring Fall 

Total 
Annual 

-----------------------'---------------_._-----
(x) Freq. (f) y f*x b/ Freq.(f) f*x Freq. (f) f*x 

0 6 0 10 0 1 0 

9 9 6 6 1 

2 10 20 10 20 6 12 

3 4 12 4 12 4 12 

4 2 8 4 16 4 16 

5 2 10 5 2 10 

6 3 18 1 6 4 24 

7 2 14 

8 4 32 

9 2 18 

10 2 20 

11 2 22 

12 0 0 

13 2 26 
--------------------------------------------------

l:f*x 

Number of Years = 36 

Mean Number Inundation 
events per year 

Median Number Inundation 
events per year 

77 

2.2 

2 

65 207 

1.8 5.75 

2 5 

a/Frequenci-(flistbe -n~r or~asons -oryearn-in which the -nUiiiber of­
- flood events greater than 4,000 ft3/sec equals x. 
b/ f*x stands for f multiplied by x. 

IX-ll 



salinity, marsh inundation and commercial bay fisheries levels. The 
quantifications of salinity and commercial fisheries harvest as functions of 
freshwater inflow are represented by the statistical regression equations 
given in Chapter V and VIII, respectively. The harvest equation utilized for 
a given species is the best significant regression equation accounting for the 
most variance in the data (Le., having the largest r2 value and having the 
smallest standard error for the harvest estimate). 

Specification of Objectives. The criteria or objectives in this optimization 
formulation can be any desired estuarine condition. One objective of interest 
is to determine the least annual inflow to the estuary while rreeting the 
constraints on salinity regimes and marsh inundation. Another alternative 
could be to compute the estimated quantity of freshwater inflow to maximize 
the commercial harvests in the estuary. This harvest could be either for an 
individual species of aquatic organism, a weighted sum of the harvests of a 
group of the corrmercially important species (e.g.,' shellfish), or other 
combinations. 

Computational Constraints for the Model. A set of constraints in the model 
relate freshwater inflow to various environmental and statistical limits 
specified as objectives. These constraints include: 

(1) upper and lower limits for the seasonal inflows used in the 
regression equations which estimate annual commercial bay fisheries 
harvest, 

(2) statistical regression equations relating mean monthly salinities to 
mean monthly freshwater inflOWS, 

(3) upper and lower limits on the monthly inflows used in computing the 
salinity regression relationships, and 

(4) upper and lower viability limits on allowable monthly salinities 
(Table 9-2). 

Alterpative Estuarine Objectives 

Three alternative objectives are considered, as follows: 

Alternative I, Subsistence 
Objective: minimize annual combined inflow while rreeting salinity rounds and 

marsh inundation needs; 

Alternative II, Maintenance of Fisheries Harvests 
Objective: minimize annual combined inflow while providing freshwater inflows 

sufficient to provide predicted annual commerical harvests in the 
estuary of red drum, seatrout, shrimp, and all shellfish combined 
at levels no less than their mean 1962 through 1976 historical 
values, satisfying marsh inUndation needs, and rreeting viability 
limits for salinity; 

Alternative III, Shrimp Harvest Enhancement 
Objective: maximize the total' annual commercial harvest of shrimp in the 

estuary while observing salinity viability limits, marsh 
inundation' needs, and utilizing an annual combined inflow no 
greater than the average 1941 through 1976 historical annual 
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rornbined inflow. In addition, it is required that the projected 
commercial harvest of the all shellfish romponent be no less than 
the average 1962 through 1976 historical harvest. 

The objective and ronstraints for the listed alternatives are indicated 
in Table 9-5. 'lhe three specified objectives are not the only fX)ssible 
options for the Guadalupe estuary; however, they provide a range of 
alternatives: survival or subsistence (Alternative I), maintenance of bay 
harvest levels (Alternative II), and shrimp bay harvest . enhancement 
(Alternative III). 

Alternative I: Subsistence. The objective of Alternative I (Subsistence) is 
to minimize total annual rornbined inflow while meeting specified rounds on 
salinity (Table 9-2) in upper San Antonio Bay and satisfying marsh inundation 
needs for the Guadalupe delta.l/ The upper salinity round for each 
month is the minimum of the upper viability limit and the historical median 
salinity. Optimal IlOnthly inflows to the estuary needed to meet the objective 
have been determined by the Estuarine Linear Programning Model. 'lhe estimated 
annual rornbined inflow need aIlOunts to approximately 1.6 million acre-feet, 
with 1.49 million acre-feet from the Guadalupe River Basin (including the San 
Antonio River Basin), and 83.0 thousand acre-feet from the San Antonio-Nueces 
and Lavaca-Guadalupe Coastal Basins (Table 9-6). 

Monthly freshwater inflow needs generated by the Estuarine Linear 
Programming Model for Alternative I provide salinities in upper San Antonio 
Bay which closely approximate those for the required upper rounds during IlOst 
months of the year (Figure 9-2). Guadalupe River Basin inflows during the 
months of June and October provide lower salinities as a ronsequence of meet­
ing marsh inundation requirements. 

Comparison between the mean 1941 through 1976 historical rornbined inflows 
and the estimated freshwater inflow needs from the Guadalupe River Basin are 
made for each IlOnth (Figure 9-3). 'lhe estimated IlOnthly freshwater inflow 
needs are less than the mean IlOnthly 1941 through 1976 inflows except .for the 
month of septemberY. The distribution of the freshwater inflow needs 
between the Guadalupe Basin and the roastal basins is illustrated in Table 
9-6. Note the relative insignificance of the inflow from the coastal basins. 

Implementation of Alternative I for the Guadalupe estuary under the 
inflow regime indicated in Table 9-6 would result in moderate to severe 
projected decreases in ronmercial bay fisheries harvests from average his­
torical levels observed during the 1962 through 1976 period (Figure 9-4). The 
finfish category would have a projected annual harvest of 103.7 thousand 

y 

Guadalupe delta inundation needs include inundation volumes of 125,000 
a=e-feet each month for the period April through June (peak daily 
discharge of 12,500 ft3jsec at the Guadalupe delta) and in september and 
October. 
The inflow need is greater than average inflow as a result of the upper 
salinity limit in September being less than the median historical salinity 
for sample sites in San Antonio Bay where the salinity was evaluated 
(Table 9-2). 
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Table 9-5. Criteria and System Performance Restrictions for the Selected Estuarine Alternatives 

Criteria: 

Maximize Annual Harvest of Shrimp 
Least Possible Armual Combined InflCM 

Constraints: 

Armual Inflow from the Guadalupe River Basin is TO greater than its 
Average Armual Historical Value (1941-1976) 

Predicted Armual Spotted Seatrout and Red Drum Corrmercial Harvests TO 
less than 'their Average Armual Values (1962-1976) 

Predicted Armual Commercial Shellfish Harvest TO less than the Average 
Harvest (1962-1976) 

Predicted Annual Shrimp, and Shellfish Conrnercial Harvests TO less than 
their Average Harvests (1962-1976) 

Upper and Lower Limits on Seasonal Inflows to Insure Validity of 
Predictive Harvest Equations 

Upper and Lower Limits on Mean Monthly Salinity 
Upper and LCMer Limits on Monthly Inflows to Insure Validity of Predictive 

Salinity Equations 
Lower Limits on Mean Monthly Guadalupe River Basin Inflow for Marsh 

Inundation of the Guadalupe Delta 

Alternatives 

I II III 

x 
x x 

x x 

x 

x 

x 

x x x 

x x x 
x x x 

x x x 
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Table 9-6. Freshwater Inflow Needs of the~uadalupe Estuary under Alternative I ~ 

Period 

January 
February 
Mardi 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Annual 

Estuary InflCM 
Need from the 

: Basin 

102.2 
115.8 
97.0 

160.4 
165.1 
125.0 

70.4 
97.5 

247.1 
125.0 
93.1 
92.6 

1,491.? 

Guadalupe 
River Basin ! 

Estuary Inflow Need 
from Gaged Portion 

: of the Basin .!?I : 

'lbousands of Acre-Feet 

86.4 
96.2 
80.3 

134.1 
138.1 
104.0 
57.6 
80.6 

207.8 
104.0 
76.9 
76.5 

1,240.7 

~All inflows are rrean IlOnthly values. 

Total Inflow 
From C<;>astal 

Basins 

4.0 
6.0 
3.0 
6.0 
8.0 
8.0 
6.0 
7.0 

14.0 
10.0 
5.0 
6.0 

83.0 

Combined 
Inflow cl 

: 

106.2 
121.8 
100.0 
166.4 
173.1 
133.0 
76.4 

104.5 
261.1 
135.0 
98.1 
98.6 

1,574.2 

bl These values computed using regression equations relating IlOnthly river basin inflow to the estuary with 
- IlOnthly gaged flCMS at USGS Stations at Goliad and Victoria on the Guadalupe River, and Coleto Creek near 

Schroeder. 
cl Includes all freshwater inflow to the estuary except direct precipitation on the estuary's surface (see 
- Chapter IV for definition). 
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pounds, or a 56 percent decrease from the average (mean historical levels); 
total shellfish harvest, an eight percent reduction; and shrimp, a predicted 
seven percent decline in harvest. 

Alternative II: Maintenance of Fisheries Harvests. The objective of Alterna­
tive II (Maintenance of Fisheries Harvests) is to minimize combined inflow to 
the estuaJ:Y while providing predicted annual conmercial bay harvests of red 
drum, seatrout, shrimp, and total shellfish at levels no less than mean 1962 
through 1976 historical values; satisfying marsh inundation needs; and meeting 
viability limits for salinity. 

The optimal set of monthly freshwater inflow needs derived by the 
Estuarine Linear Programming Model for Alternative II (Table 9-7) amounts to 
almost 2.02 million acre-feet annually, of which 1.937 million acre-feet are 
contributed by the Guadalupe River system and 83 thousand acre-feet from the 
coastal basins. The yearly volume needed from the Guadalupe River Basin is 
11 percent less than the average historical inflow from the basin over the 
period 1941 through 1976. 

Monthly freshwater inflow needs generated for Alternative II provide 
salinities (Figure 9-5) which are predicted to be lower in upper San Antonio 
Bay in certain months than under Alternative 1. Predicted salinities are 
lower than those for Alternative I during the critical spring lIOnths (April, 
May, and June) of fisheries productivity, as additional inflow during that 
period is supplied under Alternative II. 

The Estuarine LP Model does not specify unique lIOnthly inflows from the 
Guadalupe River Basin except in the lIOnths of July through October. The 
inflows for the seasons covered by the remaining lIOnths could be distributed 
on a lIOnthly basis in any desired manner, consistent with the minimum inflow 
needed in each month for salinity maintenance and marsh inundation (Table 
9-6). This is possible since the inflow variables in the fisheries equations 
represent seasonal inflows. It was decided to distribute the inflows for the 
winter (JanuaJ:Y-March), spring (April-May), and fall (November and December) 
seasons to individual lIOnths based upon the historical (1941-1976) average 
inflow distribution within each monthly grouping (see Chapter IV), while 
observing lIOnthly salinity and inundation needs. 

Corrparisons between the mean historical combined inflows and estimated 
freshwater inflow needs for this alternative were made for the Guadalupe River 
Basin (Figure 9-6). The average 1941 through 1976 historical inflows from the 
Guadalupe River Basin are generally greater for each lIOnth than the freshwater 
inflow needs under this alternative. The exceptions are the lIOnths of April, 
May, June and September. Freshwater inflow needs in the spring season (April, 
May and June) are approximately equal to the average historical inflows in 
these lIOnths. Inflow needs in the summer (July and August) and autumn 
(September and October) seasons are near the minimum values necessaJ:Y to 
satisfy the upper biological viability bounds for salinity. 

Implementation of ~ternative II for the Guadalupe. estuaJ:Y under the 
inflow regime indicated in Table 9-7 is projected to result in conmercial 
fisheries harvests equal to or greater than the average historical levels 
observed during the 1962 through 1976 period, with the exception of the total 
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Table 9-7. Freshwater Inflow Needs of the Guadalupe Estuary under Alternative II 51 

Period 

: 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Annual 

Estuary Ir,flow 
Need from the 

Basin 

139.5 d/ 
163.7 ij 
133.9 d/ 
193.4 e/ 
303.5e/ 
230.3 ~ 
70.4 
97.5 

247.1 
125.0 
121.9 f/ 
110.7 11 

1,936.9 

Guadalupe 
River Basin 

: 

Estuary Inflow Need 
from Gaged Portion 

of the Basin J:I 
Thousands of Acre-Feet 

116.4 
136.9 
111.6 
162.2 
255.8 
193.5 
57.6 
80.6 

207.8 
104.0 
101.4 
91.9 

1,619.7 

i/ -All inflows are mean IlOnthly values. 

Total Inflow 
From Coastal 

Basins 

4.0 
6.0 
3.0 
6.0 
8.0 
8,0 
6.0 
7.0 

14.0 
10.0 
5.0 
6.0 

83.0 

· · 

· · 

Combined 
Inflow EI 

143.5 
169.7 
136.9 
199.4 
311.5 
238.3 
76.4 

104.5 
261.1 
135.0 
126.9 
116.7 

2,019.9 

EV These values computed using regression equations relating IlOnthly river basin inflow to the estuary with 
- IlOnthly gaged flows at USGS Stations at Goliad and Victoria on the Guadalupe River, and Coleto Creek near 

Schroeder. 
c/ Includes all freshwater inflow to the estuary except direct precipitation on the estuary's surface (see 
- Chapter IV for definition). 
d/ Total seasonal freshwater inflow need distributed according to Guadalupe River Basin (1941-1976) average 
- IlOnthly inflow distribution in the season (January, February and March). 
e/- Total seasonal freshwater inflow need distributed according to Guadalupe River Basin (1941-1976) average 
- IlOnthly inflow distribution in the season (April, May and June). 
f/ Total seasonal freshwater inflow need distributed according to Guadalupe River Basin (1941-1976) average 
- IlOnthly inflow distribution in the season (November and December). 
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finfish and brown and pink shrimp harvests (Figure 9-7). Under these inflow 
condi tions, total finfish harvest is projected to be 11 percent less than the 
historical' average, while the brown and pink shrimp harvest is estimated to 
decrease by 22 percent. 

Alternative III: Shrimp Harvest Enhancement. The objective of Alternative 
III (Shrimp Harvest Enhancement) is to maximize the total annual estuarine 
commercial bay harvest of shrimp, while observing salinity viability limits 
and marsh inundation needs, utilizing annual Guadalupe River Basin inflows at 
a level no greater than the average 1941 through 1976 historical annual 
inflow, and not allowing the total shellfish harvest to be less than the 
1962 through 1976 historical annual average. , 

The Estuarine Linear Prograrrming Model was utilized to determine an 
optimal set of IIOnthly river basin inflows to meet the stated objective (Table 
9-8) • The annual combined infl~ from freshwater sources needed to 
maximize the shellfish harvest was estimated at 2.26 million acre-feet (the 
constraining 1941 through 1976 historical annual average inflow). The total 
annual contribution from the Guadalupe River Basin was estimated at alllOst 
2.18 million acre-feet. The remaining annual freshwater contribution of 82 
thousand acre-feet' is the historical average inflow from the San Antonio­
Nueces and Lavaca-Guadalupe Coastal Basins. As with Alternative II, seasonal 
inflow needs were distributed IIOnthly on the basis of the historical inflow 
distribution, as indicated in Table 9-8. 

Monthly freshwater inflow needs generated for Alternative III provide 
monthly salinities which are lower for the IIOnths of January, February and 
March in upper San Antonio Bay than those under Al ternati ve II (Figure 9-8). 

,In the summer and fall IIOnths, however, upper San Antonio Bay salinities are 
about the same as those under Alternative 1. 

Comparisons between mean historical combined inflows and estimated fresh­
water inflow needs under Alternative III were made for the Guadalupe Basin 
(Figure 9-9). The average historical inflows from the basin were higher than 
the freshwater inflow needs under Alternative III for the spring, summer, and 
fall IIOnths, and lower than the estimated needs for the winter (January, 
February and March). 

Implementation of Alternative III for the Guadalupe estuary under the 
inflow regime indicated in Table 9-8 would result in a projected 34 percent 
increase in total shrimp harvest above the mean 1962 through 1976 historical 
level (Figure 9-10). Changes in individual shrimp categories under Alterna­
tive III give a projected 47 percent increase in white shrimp harvested, and 
22 percent decrease in brown and pink shrimp harvested. The total shellfish 
harvest is projected to equal the average annual 1962 through 1976 harvest. 
In the finfish categories, projected commercial harvest changes from historic 
1962 through 1976 conditions include a 54 percent decrease in total finfish 
harvest, a 66 percent increase in spotted seatrout, and a 52 percent decrease 
in red drum. 

Y Combined inflow does rot include direct precipitation on the· estuary's 
surface (See Chapter IV for definition). 

IX-21 



.-. 
ui 
.a 

0 
0 
0 
.~ 

'-" 
+-
", 
Q) 

> 
I-

0 
:c 
", 
Q) 

I-
Q) 
.r. 
", 

u.. 

0 
:J 
C 
C 
-< 
Q) 

Ol 
0 ... 
Q) 

> -< 

2500~--------------------------------------------------------------, 

2000 .. " . 

1500 ..... " .... 

1000 

500 .. . .... 

O~~a~II--~~s~p~o~t~t-e-.d~~~r~ed-.-~~~a~II--~~~~aT.II--~~w~h~lt~e--~~b~r~o~w-n~ 
finfish seatrout drum shellfish shrimp shrtmp shrimp o PREDICTED 

. D HISTORIC 

Figure 9-7. Comparison Between Guadalupe Estuary 
Historical Fisheries Harvests and Predicted 

Harvests Under Alternative II 

, IX-22 



H 

~ 
'" w 

Table 9-8. Freshwater Inflow Needs of the Guadalupe Estuary under Alternative III ~ 

---- . . 
Guadalupe 

River Basin Total Inflow Combined 
From Coastal : Inflow s:/ 

-- _.- - _.- -

Period : Basins 
Estuary Inflow Estuary Inflow Need 
Need from the from Gaged Portion 

Basin of the Basin EI 
: 

Thousands of Acre-Feet 

January 331.6 279.6 4.0 335.6 
February 234.1 196.8 6.0 240.1 
March 186.8 156.5 3.0 189.8 
April 182.0 ij 152.4 6.0 188.0 
May 285.6 d/ 240.6 8.0 293.6 
June 216.8 ij 182.1 8.0 224.8 
July 70.4 57.6 6.0 76.4 
August 97.5 80.6 7.0 104.5 
September 247.1 e/ 207.8 14.0 261.1 
October 141.6 ~ 118.1 10.0 151.6 
November 93.1 76.9 5.0 98.1 
December 92.& 76.5 6.0 98.6 

Annual 2,179.2 1,825.5 83.0 2,262.2 

a7 All inflows are mean IIOnthly values. 
y These values computed using regression equations relating IIOnthly river basin inflow to the estuary with 

IIOnthly gaged flows at USGS Stations at Goliad and Victoria on the Guadalupe River, and Coleto Creek· near 
Schroeder. 

s:/ 
ij 

Includes all freshwater inflow to the estuary except direct precipitation on the estuary's surface (see 
Chapter IV for'definition). 
Total seasonal freshwater inflow need distributed. according to Guadalupe River Basin (1941-1976) average 
rronthly inflow distribution in the season (April, May and June). 

e/ Total seasonal freshwater inflow need distributed as closely as possible to Guadalupe River Basin 
- (1941-1976) average rronthly inflow distribution in the season (September and October). 
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I 
Application of Tidal Hydrodynamic and Salinity Transport Models 

I 

The determination of preliminary estimates of freshwater inflow needs, 
described above, must be 'followed by additional steps in the \llE!thodology in 
order to insure that the resulting salinity distribution throughout the 
estuary is satisfactory (Figure 9-1). The Estuarine Linear Programming Model 
considers salinities only at one point in the Guadalupe estuary near the major 
source of freshwater inflow. To determine circulation and salinity patterns 
throughout the estuary it is necessary to apply the tidal hydrodynamic and 
salinity mass transport models (described in Chapter V) using the estimates of 
monthly freshwater inflow needs obtained from the Estuarine Linear Programming 
Model. If the circulation patterns and salinity gradients predicted by the 
hydrodynamic and transport models are acceptable, then the tentative IIDnthly 
freshwater inflow needs may be accepted. Should the estuarine oonditions rot 
be satisfactory, then the oonstraints upon the Linear Programming Model must 
be modified, and the model again used to oompute new estimates. 

Salinity patterns in the estuary are of primary importance for insuring 
that predicted salinity gradients provide a suitable environment for the 
estuarine organisms. For high productivity, it is estimated that mean IIDnthly 
mid-bay salinities in San Antonio Bay should not exceed 25 parts per thousand 
(ppt) in any month under the projected freshwater inflow needs. The lowest 
annual inflow to the estuary from any of the three alternatives oonsidered 
here is provided by Alternative I; thus, if the salinity oonditions across the 
estuary meet the 25 ppt criteria under Al ternati ve I, monthly freshwater 
inflows under Alternatives II and III should also satisfy the oondition (since 
they specify higher inflows). A lower limit on the salinity in the center of 
San Antonio Bay was not evaluated since it was not anticipated that the IIDnth­
ly inflows under the three alternatives would give salinities lower than 10 
ppt. 

Simulation of Mean Monthly Circulation and Salinity Patterns in the Guadalupe 
Estuary. The estimated monthly freshwater inflow needs to the Guadalupe 
estuary under Alternative I were used as input oonditions to the tidal hydro­
dynamic model, along with typical tidal and meteorological oonditions for each 
month, to simulate average circulation patterns in the Guadalupe estuary for 
each IIDnth of the year. 

The output of the tidal hydrodynamics model oonsists of a set of tidal 
amplitudes and net flows oomputed for each cell in the 36 X 24 computational 
matrix representing the Guadalupe estuary. The oomputed net flows are the 
average of the instantaneous flows calculated by the model CNer the tidal 
cycle. Thus, the circulation pattern represented by these net flows should 
not be interpreted as a set of currents that can be observed at any time dur­
ing the tidal cycle, but rather as, a representation of the net IIDvement of 
water created by the combined action of the Gulf tides, freshwater inflow, and 
meteorological conditions during the tidal cycle. 

The resultant circulation patterns can,be best illustrated in the form of 
vector plots, wherein each vector (or arrow) represents the net flow through a 
computational cell. The orientation of the vector represents the direction of 
flow, and the length of the vector represents the magnitude of flow. 
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The tidal arrplitudes and flCMS calculated by the tidal hydrodynamics 
model are used as input to cperate the salinity transport rrodel to simulate 
the salinity distributions in the Guadalupe estuary for each of the mean 
monthly periods. The resultant salinity distributions are 'illustrated in the 
form of salinity contour plots wherein lines of uniform salinity are shCMn in 
increments of five parts per thousand (pj:>t). 

Simulated FICM Patterns. The simulated steady-state flCMS in the estuary are 
given in Figures 9-11 through 9-22 for each of the twelve I1Dnths. The magni­
tude and direction of net flCM in each computational "cell" is indicated by an 
arrCM or vector. The magni tude of flCM is indicated by the length of each 
vector, with one inch corresponding to approximately 40,000 ft3jsec (570 
m3jsec) • 

Examination of the vector plots for each of the numerical simulations 
using average I1Dnthly inflCMs revealed that the circulation patterns in the 
Guadalupe estuary could be divided into two groups based upon similarities: 
(1) the I1Dnths of November, December, and January and (2) the other I1Dnths of 
the year. This breakdCMn of the circulation patterns into winter and non­
winter periods facilitates the follCMing discussion of the simulated I1Dnthly 
hydrodynamic conditions. 

(1) Simulated November, December and January Circulation Patterns. The 
flCM circulations and salinities in the Guadalupe estuary were simulated for 
historical average meteorological conditions and estimated freshwater inflCM 
needs for Alternative I for the I1Dnths of November, December and January. The 
predominant wind speed and direction of 10 miles per hour (mph) (4.5 m/sec) 
from the north-northeast varied only slightly aI1Dng these winter I1Dnths. 

Examination of the simulated circulation patterns in the bays for these 
three I1Dnths (Figures 9-21, 9-22 and 9-11) indicates that the predominant net 
water circulation under these simulated conditions is from Carlos Bay in the 
Mission-Aransas estuary into Mesquite Bay of the Guadalupe estuary and con­
tinuing northeastward through San Antonio and Espiritu Santo Bays into the 
Lavaca-Tres Palacios estuary. 

The circulation patterns in the middle and upper portions of San Antonio 
Bay have several circular net currents which dominate the circulation pattern. 
The flCM from the Guadalupe River appears to be the .dominant factor inducing 
these currents in the upper portion of San Antonio Bay. 

Several simulated secondary currents 
Espiritu Santo Bays result in flCM along the 
being directed in a southwesterly direction. 

in the ICMer San Antonio and 
northern shore of Mustang Island 

The major exchange points between the Guadalupe estuary and the Mission­
Aransas estuary, the Lavaca-Tres Palacios estuary, and the Gulf of Mexico were 
evaluated for net flCM volume and direction during these I1Dnths. The primary 
exchange points were from the Mission-Aransas estuary into Mesquite Bay and 
from Espiritu Santo Bay into the Lavaca-Tres Palacios estuary. Net exchange 
directly into the Guadalupe estuary from the Gulf of Mexico was relatively 
small although substantial instantaneous flCMsdid occur. 
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Guadalupe Estuary Under July Freshwater 
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(2) Simulated Non-Winter Circulation Patterns. Simulation of the tidal 
hydrodynamic ronditions in the Guadalupe estuary indicated that net flow 
patterns specified under the monthly freshwater inflow needs of Alternative I 
were similar for all months except November, December and January (Figures 12 
through 20). Similarities occurred even though the historical mean wind speed 
and direction varied from month-to-month. In April, wind speed averaged 12.8 
mph (5.7 m/sec) from the south-southeast, while in August, it averaged 8.1 mph 
(3.6 m/sec) from the southeast. Wind direction throughout the period March 
through November was predominantly from the east and southeast. 

Predominant net circulation patterns as simulated for these months 
indicate flow from Mesquite Bay in the southeast, through the lower portion of 
San Antonio Bay adjacent to the northern roast of Mustang Island, into 
Espiritu Santo Bay, then along the intraroastal waterway and the oorthern 
shore of Espiritu Santo Bay, and finally out of the Guadalupe estuary through 
the passes leading to the Lavaca-Tres Palacios estuary. The second most 
significant current pattern simulated showed movement from the mouth of the 
Guadalupe River into the main portion of San Antonio Bay, then toward the 
intracoastal waterway, where it joins the current rrnving from Mesquite Bay. 

Several circular current patterns are evident in the simulation for these 
months. The rrnst significant is located in eastern Espiritu Santo Bay. The 
current is clockwise in direction and appears to exchange flow with the pri­
mary current moving from Mesquite Bay. Other evident circular currents are 
found in Hynes Bay and the oorthern portion of San Antonio Bay. 

The simulation indicates net flow into the estuary at each of the ex­
change points with the Gulf of Mexiro (Cedar Bayou and Pass cavallo via 
Saluria Bayou) and at Cedar Dugout. Simulated net flows out of Guadalupe 
estuary are found at the passes ronnecting the Guadalupe and Lavaca-Tres 
Palacios estuaries, the Intraroastal waterway channel, and Big Bayou. 

Simulated Salinity Patterns. The results of the monthly hydrodynamic simula­
tions were used to provide the basic flow circulation information to execute 
the salinity transport model for the Guadalupe estuary. The application of 
the salinity model was undertaken for each of the monthly freshwater inflow 
needs of Alternative I. 

Simulated monthly salinities in the Guadalupe estuary (Figures 9-23 
through 9-34) can be divided into two monthly groups having similar character­
istics: (1) January, February, March, July, August, November and December; 
and (2) April, May, June, September and October. The pattern of salinities 
evident in each of these groupings is discussed in the following paragraphs. 

(1) Simulated January, Februa';Y' March, July, August, November and 
December Salinity Patterns. The sal1nities simulated by the numerical mass 
transport model for the months of January, February, March, July, August, 
November, and December, range from below 10 parts per thousand (ppt) to O<ler 
30 ppt in the Guadalupe estuary (Figures 9-23 to 9-25, 9-29, 9-30, 9-33), and 
9-34). Mesquite Bay has simulated salinities of between 25 and 30 ppt in an 
area adjacent to Cedar Bayou. The salinities decrease from Mesquite Bay into 
San Antonio Bay, where roncentrations in the lower portion of the latter bay 
were between 20 and 25 ppt. Simulated salinities in Hynes and upper San 
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Figure 9-23. Simulated Salinities in The Guadalupe 
Estuary Under January Freshwater Inflow 

Needs, Alternative I (ppt) 
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Figure 9·24. Simulated Salinities in the Guadalupe 
Estuary Under February Freshwater Inflow 

Needs, Alternative I (ppt) 
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Figure 9-25_ Simulated Salinities in The Guadalupe 
Estuary Under March Freshwater Inflow 

Needs, Alternative I (ppt) 
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Figure 9-26_ Simulated Salinities in The Guadalupe 
Estuary Under April Freshwater Inflow 

Needs Alternative I (ppt) 
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Figure 9-27. Simulated Salinities in The Guadalupe 
Estuary Under May Freshwater Inflow 

Needs, Alternative I (ppt) 
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Figure 9-28. Simulated Salinities in The Guadalupe 
Estuary Under June Freshwater Inflow 

Needs Alternative I (ppt) 
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- Figure 9-29. Simulated Salinities in The Guadalupe 
Estuary Under July Freshwater Inflow 

Needs, Alternative I (ppt) 
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Figure 9-30. Simulated Salinities in The Guadalupe 
Estuary Under August Freshwater Inflow 

Needs Alternative I (ppt) 
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Figure 9-31_ Simulated Salinities in The Guadalupe 
Estuary Under September Freshwater Inflow 

Needs, Alternative I (ppt) 
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Figure 9-32_ Simulated Salinities in the Guadalupe 
Estuary Under October Freshwater Inflow 

Needs Alternative I (ppt) 
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Figure 9-33_ Simulated Salinities in The Guadalupe 
Estuary Under November Freshwater Inflow 

Needs, Alternative I (ppt) 
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Figure 9-34_ Simulated Salinities in the Guadalupe 
Estuary Under December Freshwater Inflow 

Needs, Alternative I (ppt) 



Antonio Bay are between 15 and 20 ppt, with Guadalupe Bay and Mission Lake 
concentrations of less than 10 parts per thousand. Salinities increased from 
San Antonio Bay into Espiritu Santo Bay where they ranged from 20 ppt at the 
western end of the bay to over 30 ppt at the extreme eastern end near Saluria 
Bayou having concentrations less than 10 ppt. Salinities increase from San 
Antonio Bay into Espiritu Santo Bay where they ranged from 20 ppt at the 
western end of the bay to over 30 ppt at the extreme eastern end near Saluria 
Bayou. 

(2) Simulated April, May, June, September and October Salinity Patterns. 

Simulated salinities throughout the Guadalupe estuarY showed definite similar­
ities for the months of April, May, June, September and October (Figures 9-26 
to 9-28, 9-31, and 9-32). In all of these months Mesquite Bay generally has 
simulated salinities above 25 ppt. Lower salinities occur in San Antonio Bay, 
with the lower half of the bay having concentrations of between 15 and 20 ppt, 
whereas the upper portion of the bay has salinities less than 15 ppt. The 
simulated salinity in Hynes Bay is between 10 and 15 ppt. The area in San 
Antonio Bay immediately adjacent to Guadalupe Bay has simulated salinities of 
less than 10 ppt, with the salinity in Guadalupe Bay and Mission Lake at less 
than 5 ppt. The simulated salinities in Espiritu Santo Bay vary from 15 to 20 
ppt in areas adjacent to San Antonio Bay to over 25 ppt at the flow exchange 
points with the Lavaca-Tres Palacios estuary. 

In all of the monthly simulations, the salinities in the. middle portion 
of San Antonio Bay were simulated at under 25 ppt, thus, further refinements 
of the estimated monthly freshwater inflow needs for the three alternatives 
were not considered necessary. 

Interpretation of the Physical Significance of the Estimated Freshwater Inflow 

The monthly-freshwater inflow estimated in this report for the Guadalupe 
estuary from the Guadalupe River Basin represents the best statistical esti­
mate of monthly inflows satisfying selected specified objectives for the major 
estuarine factors of marsh inundation, salinity distribution, and fisheries 
harvests. These estimates cover a range of potential factors and illustrate 
the complexity of the estuarine system. 

Freshwater inflows approximately equal to the estimated needs may give 
estuarine responses which are indistinguishable, on a statistical basis, from 
the desired conditions. Confidence limits can be obtained for changes in 
estuarine conditions, such as salinity, using statistical techniques. It is 
not clear, however, as to the proper technique for determining confidence 
bounds on the actual monthly inflow estimates for those months where the 
individual confidence limits on the inflow needs for salinity, harvest and 
inundation must be combined into a single confidence interval. 

A wide variability of freshwater inflow occurs in Texas estuaries from 
year-to-year, through drought and flood cycles. The monthly freshwater inflow 
levels received by the estuary fluctuate about the average inflow due to 
natural hydrologic variability. Such fluctuations are expected to continue to 
exist for practically any average level of inflow that might occur or that 
might be specified. It is not likely that sufficient control can be exerted 
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to oompletely regulate the inflow extremes. In fact, to 00 so may be detri­
mental to the process of natural selection. HCMever, some provision may be 
needed to prevent an increase in the frequency of periods of lCM flCM. Such a 
provision could specify minimum IrOnthly inflCMs required to keep salinities 
belCM the upper viability limits indicated for the key species of the estuary 
(Table 9-1). 

SlII1IlIary 

A methodology is presented which combines the analysis of the a:mponent 
physical, chemical and biological elements of the Guadalupe estuary into a 
sequence of steps which result in estimates of the freshwater inflCM needs for 
the estuary based upon specified salinity, marsh inundation and corrmercial bay 
fisheries harvest objectives. 

Monthly salinity limits are established at locations in the estuary belCM 
the "null zone" and near the inflCM point of the Guadalupe River Basin. These 
upper and lCMer limits on IrOnthly salinity provide a range within which viable 
metabolic activity can be maintained and normal historical salinity conditions 
can be observed. 

Marsh inundation needs for the flushing of nutrients from riverine 
marshes into the cpen bays are specified for the Guadalupe River delta. The 
delta is frequently submerged by floods from the San Antonio and Guadalupe 
Rivers. Based upon historical conditions and gaged inflCM records, freshwater 
inflCM needs for marsh inundation are specified at 125 thousand acre-feet in 
April, May, June, October and September. These volumes correspond to flood 
events with peak daily flCM rates of 12,500 ft3jsec. 

Estimates of the freshwater inflCM needs for the Guadalupe estuary are 
computed by representing the interactions aIrOng freshwater inflows, estuarine 
salinity, and fisheries harvests with an Estuarine Linear prograrrming Model. 
The model computes the IrOnthly freshwater inflCMs from the Guadalupe River 
Basin which best achieve a specified objective. 

The IrOnthly freshwater inflCM needs for the Guadalupe estuary were esti­
mated for each of the follCMing three alternatives. 

Alternative I (Subsistence): minimization of annual combined inflow 
while meeting salinity viability limits and marsh inundation needs; 

Alternative II (Maintenance of Fisheri~s Harvests): minimization of 
annual comb1!1ed inflow while providing· annual corrmercial bay har­
vests of red drum, seatrout, shrimp, and all shellfish at levels no 
less than their mean 1962 through 1976 annual values, satisfying 
marsh inundation needs; and meeting viability limits for salinity; 
and 

Alternative III (ShrifllP Harvest Enhancement): maximization of the total 
annual bay harvest of shrimp While observing salinity viability 
limits and marsh inundation needs, providing for a total shellfish 
harvest no less than the annual historical 1962 through 1976 average 
harvest, and utilizing an annual Guadalupe River inflow no greater 
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than the average historical inflow for the period 1941 through 
1976. ' 

Under Alternative I (Subsistence), the Guadalupe system, which has funC"'" 
tioned as toth a o:mrnercial shellfish and finfish producing system in the 
past, can oontinue to be an irrportant fisheries producing estuary with sub­
stantially less freshwater inflow, but at the expense of significantly reduced 
estimated fisheries harvests. Freshwater inflows totaling 1.6 million acre­
feet annually are predicted to satisfy the basic salinity gradient and marsh 
inundation needs, but with resulting decreases in annual oonrnercial bay 
finfish harvest of 43 percent and shellfish harvest of nine percent, from 
average annual values for the period 1962 through 1976. 

Under Alternative II (Maintenance of Fisheries Harvests), the predicted 
annual oorrrnercial harvests of red drum, spotted seatrout, shrimp, and total 
shellfish are required to be at least as great as 1962 through 1976 historical 
average levels, as well as to meet salinity tounds and inundation needs. To 
satisfy these criteria,· annual freshwater inflows of 2.02 million acre-feet 
are needed. 

Under Alternative III (Shrimp Harvest Enhancement), the Guadalupe estuary 
annually needs an estimated 2.26 million acre-feet distributed in a specified 
seasonal manner. The objective maximizes the total annual predicted 
corrnnercial bay harvest of shrimp, under the oonditions that the predicted 
total shellfish harvest is at least as great as the 1962 through 1976 
historical average while the average 1941 through 1976 annual inflow to the 
estuary is available. This objective is achieved with a 34 percent increase 
in total shrimp harvest, with an estimated loss of 54 percent in the total 
coomercial finfish harvest (including a 52 percent decline in the oorrrnercial 
harvest of red drum and a 66 percent decline in oonrnercial seatrout harvest). 

The numerical tidal hydrodynamic and salinity mass transport models were 
applied to the Guadalupe estuary to determine the effects of the estimated 
freshwater _ inflow needs for Alternative 111 upon the average monthly net 
flow circulation and salinity characteritistics of the estuarine system. The 
monthly simulations utilized typical tidal and meteorological oonditions 
observed historically for each month simulated. 

The net circulation patterns simulated by the tidal hydrodynamic model 
indicate that the dominate net circulation pattern in the Guadalupe estuary 
is a net movement of water from Mesquite Bay through San Antonio Bay and 
Espiritu Santo Bay into the Lavaca-Tres Palacios estuary. Simulated water 
movements in the upper and middle portions of San Antonio Bay were dominated 
by internal currents induced by freshwater inflows from the Guadalupe River. 
Simulated flows in Espiritu Santo Bay are governed by a major internal 
circulation current which moves with a clockwise rotation. 

The simulated salinities in the Guadalupe estuary for the Alternative I 
monthly freshwater inflow needs vary over a wide range monthly. Salinities 
throughout the estuary are generally lowest in the month of June, with average 
simulated salinities of less than 25 parts per thousand (ppt) over the entire 
estuary. The highest levels of simulated salinities occur during the month of 

VThe alternative having the lowest inflow level and thus the alternative 
- that would impinge most heavily upon maximum salinity tounds. 
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August, when salinities in Mesquite Bay near Cedar Bayou exceed 30 ppt. The 
simulated salinities in upper San Antonio Bay are generally less than 15 ppt 
throughout the year. The major portion of San Antonio Bay has simulated 
salinities 00 greater than 20 to 25 ppt; hCMever, during the high freshwater 
inflCM months of May and June, the salinities in the bay are between.10 and 20 
ppt. Since the middle portion of San Antonio Bay has simulated salinities in 
all llOnths below the target maximum allowable roncentration of 25 ppt, the 
freshwater inflow needs established ~ the Estuarine Linear Programming Model 
are adequate to sustain desired salinity gradients throughout the estuary. 

The estimated llOnthly freshwater inflow needs derived in this report are 
the best statistical estimates of the llOnthly inflows satisfying specified 
objectives for bay fisheries harvest levels, marsh inundation needs, and 
salinity regimes. These objectives rover a range of potential management 
policies. 

A high level of variability of freshwater inflow occurs annually in Texas 
estuaries. Fluctuations in inflows are expected to rontinue for any average 
level of inflow into the estuary which may be specified. Some provision 
should be made, however, in any estuarine management program to prevent an 
increase (over historical levels) in the frequency of .low inflows detrimental 
to the resident aquatic organisms. 
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