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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 recognized at the time as 00 rrore than preliminary esti
mates of inflow needs based upon historical inflows to each estuary. 'Further
more, the cptimal seasonal and spatial distribution of the inflows rould oot 
be determined at the time because of insufficient knowledge of the estuarine 
erosystems. 

Established public policy stated in the ~exas 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 eroloqical 
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 
ecological health of Texas estuaries and related living marine resources." 

In 1975, the 64th Texas Legislature enacted Senate Bill 137, a mandate 
for CDI1Prehensive 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 ecological 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 report is one in a series of reports on Texas bays arid estuaries 
designed to fulfill the mandate of Senate Bill 137. Six major estuariescin 
the Texas coast are 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 Trinity-San Jacinto estuary, and (6) the, Sabine
Neches estuary. Reports in the S. B. 137 series are designed to explain in a 
comprehensive, yet understandable manner, the results of these ,planninq 
efforts. ' 
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CHAPTER I 

SUMMARY 

concepts and Methods 

The provlslon of sufficient freshwater inflow to Texas bays and estuaries 
is a vital factor in maintaining estuarine productivity, and a factor mntri
buting to the' near-shore fisheries productivity of the Gulf of Mexico. This 
report analyzes the interrelationships between freshwater inflow and estuarine 
productivity for the Nueces and Mission-Aransas estuaries of Texas, and 
establishes the seasonal and rronthly freshwater inflow needs for a, range of 
alternative management policies. 

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 pro
ductivity 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 distrihution through
out 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. 

Description of the Estuary and the Surrounding Area 

The Nueces and Mission-Aransas estuaries include Copano Ray, Aransas Ray, 
Nueces Bay, Corpus Christi Bay, and several smaller bays. About 19,497 square 
miles (50,497 km2 ) of Texas contribute inflow to these, estuaries, including 
the entire Nueces Basin and parts of the San Antonio-Nueces and the Nueces-Rio 
Grande Coastal Basins. 

, Major marsh areas of the Nueces and Mission-Aransas estuaries are asso
ciated with river deltas. Active deltaic plains are covered with salt, 
brackish and freshwater marshes. Most of the shoreline along the south side 
of Corpus Christi and Nueces Bays is stabilized. Erosion is occurring along 
the Ingleside and Portland shorelines. The mainland shoreline of Copano and 

,Aransas Bays is rrostly in a state of erosion; whereas the barrier island 
shoreline of both Corpus Christi and Aransas Bay is generally either in a 
state of equilibrium or accretion. 

Land use in the area is dominated by agricultural and ranching activ
i ties. Grain sorghum, corn and cotton are dryland crops produced in the 
area. 

The Nueces and Mission-Aransas estuaries support a significant portion of 
the commercial fishing industry in Texas. The annual mmmercial bay harvest 
of fish and shellfish in these estuarine systems has averaged 3.1 million 
pounds (1.4 million kg) during the 1962 to 1976 interval. Shellfish, particu-
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larly shrimp, constitute the majority of these' cornnercial bay landings, 
accounting for 72 percent of the total harvest weight. However, a large part' 
of each estuary's production of fish and shellfish is caught offshore by Com
rnercial and sport fishermen. When these harvests are ronsidered, the total 
contribution of both estuaries to the Texas roastal fisheries (all species) is 
estimated at 19.6 rnillion pounds (8;9 rnillion kg; 81 percent shellfish) 
annually for a recent five year period (1972-1976). 

The fishing resources of the Nueces 'and Mission-Aransas estuaries 
included many of the fish species preferred by sport fishermen. The method of 
inp)-lt-output analysis was used to calculate the econornic _impact of sport 
'fisheries activities. The results showed that sport fishing expenditures 
(excluding fishing tackle and equipnent) in the local area exceed $17.02 
rnillion per year. In addition, there was ,an estimated $2.31 million per year 
spent outside the region, but within Texas, as a result of the sport fishing 
activity'around these estuaries. ' , 

Hydrology 

Sources'of freshwater inflow to the Nueces and Mission-Aransas estuaries 
include gaged inflow frorn the rontributing rivers and streams; ungaged runoff; 
return flows from municipal, industrial and agricultural sources; and, direct 
precipitation on the estuaries. Measurement of freshwater inflow adds to the 
understanding of inflow tirning and volumes ana t;heir influence on bay pro
ductivity. To acquire' accurate inflow measurements, gaged stream flows 
require adjustment to reflect any withdrawals or return flows downstrearn frorn 
gage locations. Ungaged runoff is estimated by computerized mathematical 
rnodels that were developed, calibrated, and verified using field data. Rain
fall is estimated as a distance-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 frorn the mean as a result, of recurrent 
drought and flood conditions. On the average, the total freshwater inflow 
(excluding 'direct precipitation) to the Nueces estuary (1941-1976) consisted 
of 680 thousand acre-feet (840 rnillion rn3 ) annually, of which an estirnated 
570 thousand acre-feet (704 rnillion rn3 ) was rontributed frorn gaged drainage 
areas. For the Mission-Aransas estuary, the average freshwater inflow (ex
cluding direct precipitation) over the f;riod 1941 through 1976 amounted to 
380 thousand acre-feet (470 million rn ), with approximately 570 ,thousand 
acre-feet (704 rnillion rn3 ) contributed frorn gaged drainage areas. . 

, , , 

• 
In general, the water quality of gaged inflows to these estuaries has 

been good. No parameters were found in violation of existing Texas stream 
standards.lI . Studies of past water quality, in and around these, estu
aries have pinpointed the occurrence of heavy rnetals in sedirnent samples as a 
significant concern. Locally, bottom sediment, samples have exceeded the U. s. 
Environmental Protection Agency criteria for metals in sediments (prior to 
dredging) for arsenic, cadmium; lead, rnickel, rnercury and zinc. Bottorn sedi
rnents collected and analyzed during the period 1971 through 1975 for herbi
cides and pesticides showed DDD; IDT; 2,4-D; 2,4,5-T; and silvex occurring 

IT No Texas stream standards currently exist for Oso Creek or Chiltipin 
- ,Creek. 
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in some local areas in concentrations 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 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 char
acteristics of estuarine systems using field data, the Texas Department of 
Water Resources developed digital mathematical models representing the 
important mixing and physical exchange processes of the estuaries. - 'l'hese 
models are designed to simulate the _ tidal circulation patterns and salinity 
distributions in shallow, irregular, non-stratified estuaries. Physical data 
collected in these estuaries was utilized to calibrate and verify the models 
for the Nueces and Mission-Aransas estuaries. 

In testing the salinity transport model's abilities to simulate the 
salinity response of the estuary over an extended time period, it was cleter
mined that lower salinities were being predicted in Nueces and Corpus Christi 
Bays than _ have been actually observed in recent years. Several aClditional 
input sources were included in the models to more adequately represent the 
numerous permitted brine discharges located in and near Nueces anCl Corpus. 
Christi Bays. This led to some improvement in the simulated results, but 
additional effort will be necessary to further improve the simulateCl results 
during low-inflow periods. ' 

Statistical analyses were also llndertaken to quantify the relationship 
between freshwater inflows from the Nueces and Mission-Aransas· Rivers and 
salinities at selected points in Nueces and Copano Bays. Utilizing gaged 
daily river flows and observed salinities, a set of monthly predictive salin
i ty equations were derived utilizing regression analyses for two areas of 
these estuaries: (1) an area near the Nueces River delta, and (2) an area 
near the mouth of the Mission River. These equations enable the precliction of 
the mean monthly salinity as a function 'of the mean monthly freshwater inflow 
rate. 

Nutrient Processes 

The marshes of the Nueces and M{ssion-Aransas deltas are sllbject to· 
periodic inundation during periods of increased - river flows. High rates of 
nutrient (organic carbon and nitrogen) export (both particulate and clissolved) 
occur during the initial stages of these floon periods. After this initial 
pulse of material 'is flushed out, nutrient release rates decrease rapidly 
until they reach seasonal equilibrium. Pulses of increased freshwater dis
charge (i.e., flooding) and the resulting deltaic inundation appear to be 
important mechanisms contributing to increased nutrient transport from deltaic 
marshes to the estuary. 
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Aerial' photographic studies of key roastal wetlands in the Nueces and 
Mission-Aransas estuaries provided baseline characterization of the marsh 

, vegetative corrmunities and insight into on-going wetland processes. For the 
most part, the Nueces River delta appears to be lIDst affected try the forces of 
urbanization and industrialization. Scars from oil drilling and production 
activities are particularly noticeable at the eastern edge of the Rinron Bayou 
area. The long-term rondition of the wetlands environment is highly sensitive 
to man's activities. 

Primary and Secondary Bay Production 

The community romposition, distribution, density, and seasonality of the 
phytoplankton, zooplankton, and benthic invertebrates of' the Nueces and 
Mission-Aransas estuaries were employed as "indicators" of primary and second
ary productivity. The' estuarine rommunities identified are typical in that 
they are romposed of freshwater, marine, and a mixture of endemic species 
(i.e., species restricted to the estuarine zone). 

Five phytoplankton divisions represented try 248 taxa were cOllected from 
the Nueces and Mission-Aransas estuaries. Salinity increases and zooplankton 
predation decreases exerted the lIDst obvious influences tCMard increasing 
phytoplankton popUlations. Salinity regimes in each bay system resulted in 
distinctly different populations. 

A total of 319 zooplankton taxa representing 16 phyla were identified. 
Temperature and salinity were found to be' the two lIDst 'important factors 
regulating the species romposition, seasonal occurrence, and distribution of 
zooplankton populations. 

Fourteen phyla represented try 395 benthic species were rollected from the 
Nueces and Mission-Aransas estuaries. In general, the density of the standing 
benthic crops were found to be inversely related to salinity. 

In Texas estuaries, there is always present a rollection of species which 
are 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 collection are met. If freshwater inflCM is 
decreased, either partially or totally, the lIDst dominant group in the com
munity will merely shift tCMard the lIDre marine forms. 

Fisheries 

Virtually all of the Gulf fisheries species are estuarine-aependent. 
Commercial inshore harvests ( 1962-1976) from bays of the Mission-Aransas 
estuary rank fourth in shellfish and third in finfish, while bays of the 
Nueces estuary rank sixth in shellfish 'and' seventh in finfish of eight major 
Texas estuarine areas. In addition, the sport or recreational finfish harvest 
is approximately equal to the commercial finfish harvest' in the estuaries. 
For the 1972 through 1976 interval, the average annual sport and commercial 
harvest of, fish and shellfish dependent upon the Nueces and Mission-Aransas 
estuaries is estimated at 19.6 million pounds (8.9 million kg; 81 percent 
shellfish) • 
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Although a'large portion of each'Texcis estuary's fisheries production is 
harvested offshore in collective association with fisheries production from 
other regional estuaries" 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 inflow 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 time .series, regression analysis of the 1962, through 1976 commercial 
bay fisheries landings was undertaken for the annual commercial harvests and 
the seasonal freshwater inflows to the Nueces and Mission-Aransas estuaries. 
The analysis 'of harvest as a function of the seasonal inflows resulted in 52 
statistically significant regression equations. These equational models 
provide numerical estimates of the effects of variable seasonal inflows, con
tributed from the major freshwater sources, ory the rommercial harvests of 
seafood organisms from these estuaries. The analysis also supports existing 
scientific information on the' seasonal importance of freshwater inflow to 
these estuaries. Virtually all harvest responses to spring (April-June) and 
late fall (November-December) inflows are estimated to be positive for 
increased inflow in these 'seasons. In addition,' most estimated harvest 
responses, to increased summer (July-August) inflow are also positive. 
Although several shellfish organisms (i.e., white shrimp, blue crab, and 
oyster) are estimated to relate PosItively to winter (January-March) inflow, 
all fisheries components containing fish species (i.e.,' spotted seatrout, 
redfish, and black 'drum) are estimated to relate negatively to this Season's 
inflow. Harvest responses to autumn (September-october) inflow are more 
varfable than responses to other seasons, possibly 'because the season is 
tropical-storm, dominated. In general, most shellfish organisms relate 
positively to autumn season inflow while 'fish species'relate negatively. 
Exceptions occur with the positive relationships of spotted seatrout and red 
drum harvests to Mission-Aransas estuary inflow during the autumn season. 

Where the estimated seasonaf inflOW needs bf the fisheries components are 
similar, the components reinforce each other; howev.er, 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 
economi'cally 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 pro
ductivity based on inflow alone, since many 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 component 
physical, chemical and biological elements of the Nueces and Mission-Aransas, 
estuaries into a sequence of steps which results in estimates of the fresh-, 
water' 'inflow needed, to achieve selected salinity, marsh inundation and fishery 
harvest objectives. 
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Monthly mean salinity bounds were specified for two selected locations in 
these estuaries near the major freshwater inflow !X>ints of the Nueces and 
Mission River Basins. These upper and lower limits on llDnthly salinity were 
selected to provide a salinity range which will not exceed bounds for viable 
metabolic and reproductive activity, and also not exceed rredian llDnthly 1941 
through 1976 historical salinity conditions. 

Marsh inundation needs, for the flushing of nutrients from riverine 
marshes into the open bays, were corrputed and specified for the Nueces River 
delta. Based upon historical gaged streamflow rerords, freshwater inflows 
from the Nueces Basin for marsh inundation needed to sustain historical inun
dation ma~ni tude and frequency were estimated at 79.0 thousand acre-feet (97 
million m) in the month of May and 139.0 acre-feet (171 million m3) in 
September:. >These volumes ror:respond to flood events with peak flow rates <)f 
8,500 ft3/sec (241 m3/sec) and 11,000 ft3/sec (312 m3/sec), re
spectively. 

Evaluation of Estuarine Alternatives 

Estimates of the freshwater inflow needs for the Nueces and Mission
Aransas Estuaries were romputed by representing the interactions among fresh
water inflows, estuarine salinity and fisheries harvests within an Estuarine 
Linear Programming Model. The model computes the llDnthly freshwater inflows 
from the Nueces and Mission-Aransas River Basins which best achieves a speci-
fied objective. > 

The monthly freshwater inflow needs for the Nueces and Mission-Aransas 
estuaries were estimated for each of three selected alternatives. These 
alternatives are intended to demonstrate the method of estimating freshwater 
inflows. 

Alternative I (Subsistence): minimization of annual combined inflow to 
both estuaries while meeting salinity viability limits and marsh 
inundation needs; 

Alternative II (Maintenance of Fisheries Harvests): minimization of 
annual rombined inflow to both estuaries while providing freshwater 
inflows sufficient to supply predicted combined annual commercial bay 
harvests from both estuaries of red drum; seatrout, white shrirrp, and 
blue crab at levels no less than their 1962 through 1976 mean his
torical values, satisfying marsh inundation needs, and meeting 
viability limits for salinity; and > 

Alternative III (Finfish Harvest Enhancement): maximization of the total 
annual commercial bay harvest of all finfish from both estuaries 
while observing salinity limits, satisfying marsh inundation needs, 
and utilizing an annual combined freshwater inflow to each estuary no 
greater: than their individual average 1941 through 1976 historical 
freshwater inflows. 

Under Alternative 
estuarine system, which 
finfish producing system 
eries producing estuary 

I (Subsistence), the Nueces and Mission-Aransas 
has functioned as both a commercial shellfish and 
in the past, could continue to be an important fish
with substantially less annual freshwater inflow. 
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Freshwater inflows totaling 0.69 million acre-feet (850 billion m3) annually 
(of which 46 percent is'estimated from ungaged areas) ,are Predicted to satisfy 
the basic salinity gradient and marsh inundation needs, and with a resultinq 
increase in rombined rornnercial finfish and shellfish hay harvests of 21 
percent, from average values for the period 1962 through 1976 (Fiqure 1-1). 
This annual inflow is approximately 69 percent of the 1941 through 1976 
historical average inflow. 

Under the inflows for this Alternative, the ronmercial bay fisheries 
harvest in roth estuaries is estimated to he greater than the mean 1962 
through 1976 historical value, even thouqh the annual inflow is siqnificantly 
less -than the 1941 through 1976 historical averaqe. The rronthly freshwater 

-inflow needs are significantly lower than 1941 through 1976 mean inflows, 
however, they are significantly greater than the median (50 percent frequency) 
monthly inflows. The median inflows are more influencial upon the historical 
mean harvests in these estuaries than the average freshwater inflows, thus the 
estimated freshwater inflow needs qenerally give qreater than averaqe harvest 
estimates. Thus, . decreasing September through October inflows results in an 
increase, or at least no decrease, in the predicted fisheries harvests, baseo 
upon the rommercial harvest equations developed in this report. ' 

Under Alternative II (Maintenance of Fisheries Harvests), the predicted 
annual rommercial bay harvests of red drum, spotted seatrout, white shrimp, 
and blue crabs are each required to be at least as great as their 1962 through 
1976 historical average levels. Salinity limits and marsh inundation neeos 
are also to be observed. To satisfy these criteria, it is estimaten that an 
annual freshwater inflow of 0.75 million acre-feet (920 billion m3 ) (with 44 
percent from unqaged areas) is needed (Fiqure 1-1). This annual inflow volume 
'is 75 percent of the average inflow (1941-1976). The rombined. prenicted 
annual total finfish and shellfish ronmercial bay harvest for these estuaries 
is 4.23 million pounds (1.93 million kq), or approximately 35 percent hiqher 
than the 1962 through 1976 average. 

Under Alternative III (Finfish Harvest Enhancement), the Nueces and 
Mission-Aransas estuaries have an annual estimated freshwater need of approxi
mately 1.0 million acre-feet (1,243 billion m3 ; 41 percent from unqaqed 
areas), distributed in a seasonally unique manner, to achieve the obiective of 
maximizing the total annual predicted ronmercial bay harvest of finfish from 
both estuaries (Fiqure 1-1). The water supplied to these estuaries equals the 
arbitrary maximum annual inflow set at the 1941 throuqh 1976 averaqe level. 
This inflow reqime is predicted to give a 43 percent increase in the allshrinp 
harvest category and an estimated gain of <)1 percent in the cnrrrnercial finfish 
harvest. The total predicted ronmercial bav fisheries' harvest is 71 percent 
qreaterthan the 1962 throuqh 197~ averaqe. 

The monthly distribution of the inflows for each of the Alternatives and 
the averaqe historical monthly inflows for the neriod 1941 throuqh 1976 are 
given in Figure 1-2. 

Estuarine Circulation and Salinity Patterns 

To establish that the freshwater inflow needs specified atove provide 
desired salinityqradients throughout the estuary, the numerical tidal hydro
dynamic and salinity mass transport models were applied to the Nueces and 
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Mission-Aransas estuaries. Their aWlication determines the effects of the 
estimated freshwater inflow needs for Alternative 111 upon the average 
monthly net flcM circulation and salinity characteristics of the estuarine 
system. The monthly simulations utilized typical tidal and meteorological 
conditions observed historically for each month simulated. 

, . 

The net circulation patterns simulated by the tidal hydrodynamic model 
indicate that the dominant circulation pattern in the Nueces and Mission
Aransas estuaries is a net movement of water from Laguna Madre through Oorpus 
Christi, Redfish,' Aransas and Copano Bays and' into the Guadalupe estuary. 
Simulated net flows in Copano and Nueces Bays are governed by internal 
circulation currents rather than by circulation patterns in adjacent bay 
systems. 

Simulated steady-state, monthly salinities for the set of monthly inflows· 
specified under Alternative I indicate similar patterns in these estuaries 
over all months. Average simulated salinities in Corpus Christi Bay are less 
than 25 parts per thousand (ppt) except near the entrance to Laguna Madre and 
Aransas Pass. The simulated mean salinities for Saint Charles and Copano Bays 
are less than 10ppt. Salinities simulated for Nueces Bay are under 20. ppt, . 
with salinities near 15 ppt in the middle portion of the bay. In Redfish and 
Aransas Bays, simulated salinities average over 20 ppt in the former and 
between 10 and 15 wt in the latter bay. 

Since the middle portion of Corpus Christi Bay has simulated salinities 
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 bay fisheries harvest levels, marsh inundation, and salinity 
regimes. The alternatives considered 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 continue 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 estuarine-dependent organisms. . 

11 The alternative having 
that would irrpinge most 

the lowest inflow level and .thus 
heavily upon salinity levels. . '. 
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'CHAPTER II 
, , 'i 

CCNCEPTS AND ME:I'HODS FOR DE:I'ERMINING 'lHE INFWENCE 
OF FRESHWATER INFLCWS UPCN ESWARINE ECOSysrEMS 

Scope of Study 

Semite'Bill 137 (64th Texas Legislature) mandates a cnmprehensive studY 
of environmental vari'ables, especially freshwater inflow, which affect Texas 
estuarine ecosystems. This report presents the results of the studies of the 
Nueces and Mission-Aransas estuaries. 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 cnncept of seasonal' rlynamics; 
that' is, the envirorunental, needs of 'an estuarine ecosystem are not static 
'annual' needs. In fact, dynamic equilibrium about the' productive range is !:nth 
realistic and desirable for an estuarine environment.' Extended periods of 
inflow' condi tions which cnnsistently fall below maintenance levels can, how-' 
ever', 'read to' 'a degraded estuarine environment, loss of important "nursery" 
functions for estuarine-dependent, fish and, she'llfish resources, and a reduc
tion 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 
populations (176). Chapter II and succeeding chapters will address a broad 
range of ,estuarine concepts; emphasis' is placed primarily on those mncepts 
germane' to the discussion of freshwater inflOw needs of the Nueces and 
Mission-Aransas estuaries. 

Estuarine Environment 

Introduction 
" ' 

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

Physical ana Chemical Characteristics 

Topography and Setting. A Texas estuary may, be defined as the cnastal region 
of the state from the tidally affected reaches of terrestial inflow sources 'to 
the Gulf of Mexicn. Shallow bays, tidal marshes, bayous, creeks and other" 
bodies of water behind barrier islands are included under this definition. 



Estuarine systems contain sub-systems (e.g., individual bays), lesser but· 
recognizable units with characteristic chemical, physical and biological 
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 has open waters 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 tetween the bay 
and Gulf waters. Secondary bays empty into primary bay areas, 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 sul:Inerged 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 (378). Physical character
istics of the Nueces and Mission-Aransas estuaries 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 tetween 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 ooastal regions 
adjacent to each bay. 

The hydrology of the Nueces and Mission-Aransas estuaries is described in 
Chapter IV. 

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

systems and their importance to the various biological components include 
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nutrients, such as nitrogen and phosphorus; the basic cellular building block, 
carbon; traCe elements necessary for biological growth; the presence of 
sufficient concentrations of dissolved oxygen for respiration of aerobic 
organisms; and the occurrence of toxic chemicals that may inhibit growth and 
productivity. (Figure 2-2). The presence of pollutants can have significant 
irrpacts upon' estuarine water quality. Economic and business developnent 
activities may result in changes to the physical and chemical quality of the 
runoff. ,Waste loads which enter the aquatic ecosystem can be' of several 
types, including predominantly municipal and industrial effluent and 

'agricultural return flow. The presence of toxic" chemicals can have a 
detrimental irrpact 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 corrprises a myriad of life forms, living 
interdependently, yet all depending on the '''health'' of the aquatic: 
environment. Among the general group~ngs of life forms that occur in the 
estuary, the most prominent are bacteria, phytoplankton (algae), vascular 

'plants (macrophytes), zooplankton, benthos (infauna), shellfish, and finfish. 

Salinity, terrperature, and catastrophic events (e.g.,' hurricanes) are 
factors that largely control and influ~nce, species corrposition in these 

; ecosystems. While the number of species 'generally remains low, numbers of 
organisms within a single species may be high, fluctuating with the seasons 
and with hydrologic cycles (185, 62, 183). The fluctuating conditions provide 
for a continuing shift in dominant organisms, thereby preventing a 'specific 
species from maintaining a persistent dominance. 

Natural stresses encountered in an estuarine ecosystem are d~e, in part, 
to the fact that these areas represent a transi tion zone between freshwater 
and marine environments. Biological corrrnunity corrposition changes, with 

, respect to the number of species and types of organisms, when salini ty is 
altered (Figure 2-3). The number of species is lowest in the estuarine 
transition zone between freshwater and marine environments: ' The species 
composition of a corrrnunity 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 Nueces and Mission-Aransas -estuaries are 
described in detail in Chapters VII and VIII. 

Food Chain. To evaluate the effects of freshwater inflow On an estuary, it is 
necessary to consider the significant interactions among dominant organisms 
for each of the estuary's trophic (production) levels. A corrplicated food web 
consisting of several food chains exists among the trophic levels of an 
estuarine ecosystem, with water the primary medium of life support (37, 140, 
40, 94, 165, 213). The aquatic ecosystem can be conceptualized as corrprising 
four major corrponents, all interrelated through' various life processes (Figure 
2-2) : -
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1. Chemical parameters including basic substances essential to life such 
as carbon dioxide (CO2)' I nitrate '(N03 ), ammOnia (NH3)' phos
phate (P04), and dissolved oxygen (DO), 

2. Producers including autotrophic organisms such as vascular plants and 
algae that can transform basic substances into living cellular 
material through utilization of sunlight ~ 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 J:oth 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 complex in scope (Figure 
2-4). The river inflCM 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 constitute an integral part of the life history of many estuarine
dependent species (189). These migrations occur in seasonal cycles and most 
are involved with spawning (reproduction). Larval and postlarval organisms 
may migrate into the estuary because of food and physiological requirements 
for lCMered salinity (116, 404), and/or for protection against predators: and 
parasites (121, 174). Juvenile forms use the shallCM "nursery" areas during 
early grCMth (75), 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
flCM, 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 in
creases or decreases in salinity and temperature, that enable estuarine
dependent species to reproduce and grCM successfully in the coastal environ
ment. These species have adapted their life cycles to the natural schedule of 
seasonal events in the ecosystem, which increases survival and reduces com-
petition and predation: Coincidence of seasonal events, such as spring rains, 
inundation of marshes, and increased nutrient cycling is made more complex by 
both'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 grCMth and survival of 
many economically important seafood species will be limited if antecedent 
events and ambient ,conditions are unfavorable and far fL10m the seasonal 
optimum. Further, the entire ecosystem can lose productivity through 
disruption of energy flCMand become altered ~ slight, but chronic stresses 
(417). 

Virtually all (97.5 percent) of the Gulf fisheries species are considered 
estuarin~ependent (76): hCMever, 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 
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"nursery" habitats during this season. others, such as the penaeid shrimp, 
spawn primarily in the spring and early summer, and their young ITDve inshore 
to sryallow, low, salinity estuarine areas for growth and developnent at this 
time. Not all estuarine-dependent species are migratory between the marine 
and estuarine environments; however, there are few true year-round residents 
(e.g., bay oysters) capable of oompleting their life cycle totally within the 
estuary (157). 

Habitat. The marsh wetlands adjacent to each Texas estuary are among the ITDst . 
important areas of the estuarine eoosystems. They may 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 lTDuth with ,its associated 
delta. Depending upon the specific location, estuarine marsh oommunities may 
be frequently inundated by tidal fluctuations or only occasionally inundated 
by the seasonal flooding of inflowing streams. Texas estuai"ine marshes are 
dominated by salt-tolerant vegetation, such as the oord grass Spartina, which 
produces significant quantities of organic material (i.e., 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 marshes 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 ITDst productive areas (48). Throughout the wOrld, 
only tropical rain forests, coral reefs, and some algal beds produce ITDre 
abundantly per unit of area (165, 303). 

Marsh production has been shown to be a major source of organic material 
supporting the estuarine food web in ooastal areas from New England to the 
Gulf of Mexico (30, 83, 130). Because of high plant productivities an 
estuarine marsh can assimilate, if necessary, substantial volumes of 
nutrient-rich municipal and industrial wastes (400, 401) 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, as well as provide food and oover for a variety of waterfowl and 
mammals. Delta marshes may serve other beneficial functions acting as a 
temPorary floodwater storage area and/or aiding 'in erosion oontrol by absorb
ing potentially destructive wave energy. 

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

Summary 

Texas has seven major estuarine systems and several smaller estuaries 
that are located along approximately 373 miles (600 km) of cQastline. 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 hectares) 
of adjacent marshlands and tidal flats. The adjacent marshes and bayous 
provide "nursery" habitats for juvenile forms of marine species and produce 
nutrients for the estuarine systems. 
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The ecosystems which have developed within these estuaries are in large 
part dependent upon the amount, as well as, the seasonal and spatial distribu
tion of freshwater inflow and associated nutrients. Freshwater flows enter 
the bays from rivers and streams and from local rainfall runoff. 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 
quali ty. Pollutants and toxic materials induce physiological (metabolic) 
stresses that' can inhibit reproduction and growth, and may have long-lasting 
effects on the estuary. 

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

Many species inhabiting Texas estuaries are not permanent residents. 
Juveniles enter the estuary in larval or, post larval forms and remain during 
e.arly 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 inportant 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 factorsgoverniilg Texas estuarine systems, 
and the inportanee 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 
inundation/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 rrodels have been developed for 
high-speed conputers using data collected from each estuarine system. These 
computer 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 
estuaries. These mathematical simulation .techniques have quantified, insofar 
as possible at. this time, the interrelationships among physical, 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· inpit and output data, as prescribed by the 
forinulaticm and construction 'steps" must be acquired and prepared in proper 
format. The data should be of sufficient ·spatial extent and terrporal 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 conparison of· the simulated 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 tolerances. 

Once a rri:xlel 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 re
sponses with the observed data should yield close agreement. Close agreement 
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 over 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 Nueces and Mission-Aransas estuaries 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 interre
lationships of an estuarine ecosystem. Major environmental factors and 
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identifiable biological populations can be used, h<:Mever, as "key indicators" 
to understand and derronstrate the response of higher food chain organisms, 
such as shellfish and finfish, to major changes in the ecosystem (207, 165). 
Physical and chemical constituents of prime irrportance 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 irrportant 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 am::>nq 
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 d~atering of the marshes results in the movement of 
organic nutrients from the marsh into the nearby tertiary and secn r1''l,,!ry bays. 
Large volumes of freshwater inflow can also be detrimental by ')(,pressing 
biological production and flushing even the primary bay of an estuarine 
system. Flood events may resuspend and transport sediments, increase tur
bidity, and cause a rapid decrease in the standing crop of phytoplankton, 
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, temperature, food availability and 
subsequent freshwater inflows. 

(2) Critical Period. An understanding of the roncept of "critical 
period" is necessary in order to understand the importance of freshwater in':' 
flow to Texas estuarine systems (93, 143).' There are basically two types of 
critical periods that must be cnnsidered-Iong 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 ronditions 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 
( 100, 152), and the transport of sediment and nutri ti ve 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 rould be made on the basis of 
historical dominance of the system 1:0/ one or rrore 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. Arrong such distinctive characteristics are bay size, number and 
size of rontributing marshes, extent of submerged seagrass rommunities, 
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 rrovement of waters within an estuary largely 
determines the distribution of biotic and abiotic constituents in-the system. 
To study the rrovement of estuarine waters under varying conditions, tidal 
hydrodynamic mathematical models have been developed and applied to individual 
Texas estuaries (149, 150). Each model romputes velocities and water surface 
elevations at node points ofa computational grid superimposed on an estuary. 
Estuarine characteristics along any given vertical line (the water rolumn) are 
assumed to be horrogeneous. 

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 1:0/ 
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 hydroaYnamics model is described in detail in Chapter V. 

(4) Salinity. A knowledge of- the distribution of salinities over time 
at points throughout the estuary is vital to the understanding of environ
mental conditions within the system. To better assess the variations in 
salini ty, a salinity transport mathematical model has been developed (149, 
151) to simulate the salinity changes in response to dispersion, molecular 
diffusion and tidal hydrodynamics. This model is a rompanion 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 ronditions of tidal 
amplitude and freshwater inflow. The model is dynamic and takes into account 
location, magnitude, and quality of freshwater inflows; changing tidal rondi
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 amve mentioned independent 
variables. This model,- in ronjunction with the tidal hydrodynamic model, can 
also be used to assess the· effects of developnent 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 wethod of estimating the functional relationship arrong variables. The 
relative accuracy of such a predictive rrodel, rolllllOnly measured in terms of 
the rorrelation roefficient, is dependent upon the rorrelation of salinities 
to inflow volumes. The statistical relationship between salinity and inflow 
can generally be represented as a reciprocal function (Figure 2-6). This 
functional form also plots as a straight line on log-log graph paper. 

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

. The salinity transport rrodel arid the statistical regression rrodels 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 most significant sources of nutrients for Gulf 
estuaries are the tidal marshes and river deltas (33, 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 by high' tides and 
high river flows. Inorganic materials ahd organic detritus transported and 
deposited in salt marshes by river floods are assimilated in the marshes 
through biological action and converted to organic tissue. This conversion is 
acconplished by the primary producers (phytoplankton .and macrophytes) of the 
marsh erosystem. The primary producers and organic materials produced in the 
marsh are then transported to the bay system by the .inundation and subsequent 
dewatering process. This process is rontrolled by the tidal and river flood 
stages. 

To properly evaluate the transport processes through a deltaic river 
marsh it is necessary to estimate the romplex tidal and freshwater inflow 
interactions. A mathematical rrodel (set of equations) based upon the appro
priate physical laws was developed for determining flows and water depths in a 
river delta (44). This rrodel applies in cases of roth low-flow and flood 
conditions. The effects of fr@shwater inflow upon the marsh inundation and 
dewatering processes are estimated through the application of this marsh 
inundation rrodel (see Chapter V). 

Biological Indicators. Terms like "biological indicators", "erological indi
cators", "environwental 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 mange 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 environwental change. 
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Dr. Eugene Odum has remarked that "ecologists constantly errploy such 
organisms as indicators in exploring new situations or evaluating large areas" 
(165). Odum also notes that large species often serve as tetter indicators 
than small species tecause a larger and !lOre stable biomass or standing crop 
can te supported with a given energy flow. The turnover of small organiSms 
may te so great that the particular species present at any one. moment may not 
be very useful as a biological indicator. 

In the 1975 Ameri~an 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 conditions that are favorable for the entire 
biological corrrnunity. In a number of recent environmental crises, fish and 
shellfish have served as either the link tetween pollution and human problems 
or· an early warning of an irrpending contamination problem." 

If every estuarine floral and faunal species could te !IOnitored and inte
grated into a research program, the maximum data base would te achieved; 
however, there are always time and financial limitations that make this impos
sible. It is telieved 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 !IOney which limit the 
number of environmental variables that. may te investigated in depth. Use of 
several diverse species avoids problems !lOst corrrnonly associated with a single 
chosen indicator, . wherein data may te dependent upon the particular species' 
sensitivity. The "key" species approach is used in these studies of the Texas 
bays and estuaries. . 

( 1 ) Aquatic Ecosystem Model. Attempts to understand the complex inter
actions within Texas estuarine ecosystems have lead to the developnent of a 
sophisticated estuarine ecologic nodel, ESTECO (241). The nodel was formu
lated to provide a systematic means of predicting the response of estuarine 
biotic and abiotic constituents to environmental changes. Ecological nodeling 
techniques involve the use of mathematical relationships, based on scientific 
evidence, to predict changes in estuarine constituents. 

While the principal focus of the ESTECO nodel is to simulate those quan
tities that are considered to te the !lOst sensitive indicators of the primary 
productivity of an estuarine environment (i.e., salinity, dissolved oxygen, 
nutrients, and algae), the higher trophic levels are also taken into account. 
The trophic categories included in the nodel 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 complex set of physi

. cal, chemical and biological relationships have teen included in the ESTECO 
model which link the various abiotic constituents to several forms of 
estuarine biota. 

While the estuarine ecologic nodel provides a valuable conceptual tool 
for understanding estuarine ecosystems, the validity of the current version of 
ESTECO in predicting long-term estuarine constituents has not yet teen proven. 
As presently structured, the estuarine ecologic nodel 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 
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system. Also, the comprehensive data to accurately calibrate the estuarine 
ecologic model for simulation periods in excess of one year are not yet avail
able. 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 PJrposes 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 effects of freshwater 
inflow on an estuary necessitates the use of existing information on the 
system's hydrology and biology. In most cases, numerical analysis of this 
information allaws the demonstration of statistical relationships between 
freshwater inflow and dependent environmental variables such as fishery pro
duction. The use of linear regression analysis allows the developnent 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, brawn and pink shrimp, blue crab, and bay oyster as 
a function of seasonal freshwater inflow are oomputed using data from each 
estuarine system (Chapter VIII). These regression equations can be used to 
canpute estimates of the estuarine productivity, in terms of harvested fish
eries biomass, as a function of seasonal freshwater inflow. Hawever, there 
are variations in the historical harvest data which were not explained by 
variations in seasonal freshwater inflaw. These variations may be due to 
other factors such as temperature, predation and 'disease. 

The described relationships are useful in defining the possible impacts 
and interactions between freshwater inflaws and the biomass produCtion in 
various trophic levels. Many of the oomplicated relationships among trophic 
levels within an aquatic ecosystem are not yet completely understood and much 
needed data does not exist, so the mathematical representations required to 
describe such phenomena have not been adequately defined. Therefore, regres
sion techniques are being applied in these studies as a useful tool in under
standing these interactions. 

(3) Finfish Metabolic Stress Analysis. The health of organisms in an 
estuarine ecosystem is dependent upon a number of factors. WOhlschlag (283, 
284, 285, 286) andWakema:n (408) have reported on the stress of salinity 
changes upon the metabolic activities of several Texas estuarine fish species. 
For example, Wakeman measured the maximum sustained swinming 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) normally encountered in the estuary to determine their optima. 
All of these species are of commercial and recreational importance; therefore, 
resul ts 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 
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several otherestuarine-dependent fish and shellfish species. (including 
shrimp, crabs, and oysters), and are .presented in Chapter IX. 

Analyzing the Estuarine Complex 

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

Any desired management objective for the biological resources of an 
estuary must include a value judgment concerning competing interests. ·Where 
seasonal salinity needs are competitive among estuarine-dependent· species 
(e.g., one species prefers ION salinities in the spring and another prefers 
high salinities in the same season) a management decision may be required to 
specify a preference to one or more species' needs. Such a decision.rould be 
made on the basis of which organism has been more 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 inflON alternatives are further discussed 
in Chapter IX. 

Determination of Freshwater InflON Needs. ( 1 ) Estuarine InflON Model. In 
order to establish an estimate of the freshwater inflON needs for an estuary, 
mathematical techniques are applied to integrate the large number of relation
ships and contraints, such that all of the information can be used in con
sideration of competing factors. The relationships and constraints in this 
formulation consist of: 

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

2) upper and lONer bounds for the inflONs used in the regression equa
tions for harvest, 

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

4) upper and lONer bounds on the seasonal inflONs 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 inflONs selected to meet 
a specified objective fall within the ranges for which the regression equa
tions are valid. Thus, in this analysis errors are avoided by not extrapolat
ing beyond the range of the data used in developing the· regression relation
ships. 

The constraints listed above are _ incorporated into a special linear 
programming (LP) model, to determine the monthly freshwater inflONs needed to 
meet specified marsh inundation, salinity, and fisheries objectives. The 

II-20 



optimization procedure used to assess alternative objectives is formulated in 
a ccmputer rode based upon the simplex algorithm (35) for the solution of 
linear programs. A linear program rray be used to reach an optimum solution to 
a problem where a desired linear objective is rraximized (or minimized) subject 
to satisfying a set of linear constraints. 

The ou'tput from the LP Irodel provides not only the seasonal freshwater 
inflCMs needed to rraximize 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 model's 
freshwater inflCM regime. The harvests that are predicted under such a regime 
of freshwater inflCMs can be compared with the average historical harvests to 
estimate changes in productivity. 

Use of the estuarine inflCM model is described in Chapter IX. 

(-2) Model Interactions. The estuarine linear prograrrrning Irodel incor
porates salinity viability limits and corrrnercial fisheries hcirvest factors 
considered in determining interrelationships between freshwater inflCMs and 
estuarine key indicators, including the marsh and river delta inundation 
requirements. The schedule of flCMS for marsh inundation and for maintaining 
salinity and productivity levels are combined into one constraint in the model 
by taking the largest of the minimum required values for 'the two PJrposes. 
Thus, if the flCM in March required for inundation is greater than the flow 
needed for salinity gradient control and fisheries harvest (production), then 
the March inflCM need only be equal to the inundation Dequirement. A, seasonal 
schedule of inflCMs needed Of the estuary to meet the specified objectives is 
thus' derived. 

A process for synthesis of estimated freshwater inflCM needs for the 
Nueces and Mission-Aransas estuaries is discussed in Chapter IX. 

Techniques for Meeting Freshwater InflCM Needs. The freshwater inflow needed 
to maintain an estuary's ecology can he provided from both unregulated and 
regulated sources.' The natural inflows from uncontrolled drainage' areas and 
direct precipitation will possibly 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 he located. Inflows from the 
major contributing river basins, hCMever, will probably be subiect to ,signifi
cant alteration due to man's activities. A compilation and evaluation .of 
existing permits, claims and certified filings on record at the ~DWR indicate 
that should diversions closely approach or equal rates and volumes presently 
authorized under existing permits and elaims presentlv recognized and upheld 
by the Texas Water Corrrnission, such diversions could equal or exceed the total 
annual runoff within several major river systems during some years, narticu
larly during drought periods. Total annual water use (diversions) do not yet 
approach authorized diversion levels in most river basins, as evidenced Of 
both mandatory and voluntary comprehensive water use reporting information 
systems administered by the TmR. with completion of major new surface-water 
developnent and delivery systems, such as the maior conveyance systems to 
convey water, from the ICMer Trinity River to the Houston-Galveston area, 
however, freshwater inflCMs to some bay systems may be progressively 
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reduced and/or points of re-ent'ry (in the form of return flows) may be signi
ficantly altered. 

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

Water Rights Allocation. Adjudication of surface-water rights in Texas 
is an extremely important 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 purpose of 
the Act was to require a recordation with the Texas Water Commission 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 Commission by 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 complex and, in many river basins 
extremely lengthy. The procedures were designed to assure each claimant, 
as well as each person affected by a final determination of adjudication, 
all of the due process and constitutional 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 complete adjudication for the remaining 
basins. Final judgments have been rendered by 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 
possible direct appropriation of State water to meet these needs, and 
equitable adjudication of water rights and claims are intertwined--a fact 
which must be recognized by all involved in identifying, coastal issues 
and resolving coastal problems. 

Operations of Upstream Reservoirs in Contributing Basins. The control 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 delivery of up to 2.5 
million acre-feet (3.1 billion m3 ) of supplemental water annually to 
Galveston, Matagorda, San Antonio, Aransas, and Corpus Christi Bays 
through controlled releases from the coastal component of the proposed 
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Texas water System. Conceptually, the Texas water System would conserve 
and control water from basins of surPlus, and transport them, tCXjether 
with water from other intrastate, interstate, and potential out-of-State 
sources, to areas of need throughout Texas. This volume of supplemental 
water would probably not be required every year, however, 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 fram 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 no rrnre 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 must 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 rrnst bene-

'fit to the estuary. Developnent of institutional arrangements wherehy 
repayment 'criteria for such allocated storage are determined and asso
ciated 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 rrndi
fications' 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 of 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, pollu
tants 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. The presence of toxic pollutants in the Texas estuaries will continue 
for the foreseeable future in same areas as compounds deposi ted in sediments 
became resuspended in the water column by dredging activities and when severe 
storms cause abnormally strong currents. This report does not include a 
comprehensive assessment of water pollution problems in the Nueces and 
Mission-Aransas estuaries, 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 sur
rounding Texas estuaries. In coastal areas, significant contributions of 
nutrients are provided to the estuary by direct runoff. Rerrnval 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 
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management techniques in detail, although land management is an alternative 
technique in any coastal zone management plan. 

Summary 

The provision of sufficient freshwater inflow to Texas bays and estuaries 
is a vital factor in maintaining estuarine productivity and a factor contri
buting to the near-shore fisheries productivity of the Gulf of Mexico. 'l.t!e 
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 physical 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 other 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 organ1sms. 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 te 
balanced wi.th the freshwater needs of the estuary. 

II-24 



: 

CHAPTER III 

DESCRIPl'ICN OF '!HE ESTUARY AND '!HE SURRCXiNoING AREA 

Physical Characteristics 

Introduction 

The' Nueces and Mission-Aransas estuaries' rover abqut 360. square miles 
(932 km2 ) and include Copano Bay , Ai::ansas Bay~ Nueces' Bay,' Corpus Christi 
Bay, and several smaller bays (Figure 3-1). ' Water depth at mean lqw water 
varies from less than two 'feet (0..6 Il) in Mission Bay'to 13 feet (4 m) in 
Corpus Christi Bay; except for navigation channels where it may be deeper, . . , 

This study area lies' in the warm, terrperate' zone of the South Central 
¢limatoiogical 9ivision of· Texas. Itsclima.tiC type is claSs if Jed as sU!:r
tropical (humid and hot summers with mild, dry winters). The climate is afso 
predominantly ~rineinfluenced because of the area's proximity to the Gulf qf 
Mexiro. Prevailiflg winds are southeasterly to south-southeasterly· throughout 
the year. Day-t~ay weather during the s~er offers little variation except 
for occasional thunderstorms. Some of the heavier rainfall occurrences during 
late summer and' eariy fall',are a~sociated with trqpica:l disturb!illces. Warm, 
tropical air' ,from the Gulf of Mexico is responslble for mild winter 
temperatu,es,' anq,hot, hqrnid, summer weather. 

The annual net' lake surface evaporation rate in the area is about .27 
inches (68.6 em). Seasonal variation in relative humidity is small as a 
~esult of the influence of the Gulf and the direction of the prevailinq wind. 

Influence of Contributory Basins 
; -' 

Drainage areas rontributing inflow to the Nueces and Mission-Aransas 
estuaries include the entire Nueces River Basin. and ~partsof the San Antonio
Nueces ·and the Nueces-Rio Grande Coastal Basins (Figu're 3':'2). . . . ~. 

Total draiflage area of the Nueces River Basin ,is 16,660. square miles 
(43,150. km2) •. Runoff in ,the upper reaches of the basin 'in the Edwa~ds 
Plateau area averages about 118 acre-feet per square mile (562 m3/ha).. A 
substantial part of the flow originating in the upper area of the Nueces Ri'ver, 

. Basin is intercepted/by' the 'fractured and cavernous Itmestone formations 
exposed in the.Balcones Fault'Zone reSUlting in loss of surface flows. ,Runoff 
rates in the lower part· of the basin average about 90. acre-feet per square 
mile (429 m3/ha). Major tributaries of the Nueces R~ ver Basin include the 
Frio, Sabinal, and AtascOsa Rivers. 

Total drainage area of the San Antonio-Nueces Coastal Basin which ron
tributes runoff is 2,613 square miles (6,80.0. km2): Major tributaries 
include the Mission and Aransas Rivers. Average annual runoff within the 
basiq is aboutlll acre-feet per square mile (528 m3/ha). . 
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Tbtal drainage area of the Nueces-Rio Grande Coastal Basin contributing 
runoff to the Nueces estuary is 274 square miles (710 kJn2). This area 
includes the Corpus Christi urban area and the Oso Creek drainage. 

Reservoir development within the contributing area began as early as 1929 
with the completion of Mathis Dam creating Lake Corpus Christi CX1 the Nueces 
River. The Mathis Dam was inundated in 1958 by the present Lake Corpus 
Christi created by Wesley E. Seale Dam. The Choke Canyon Reservoir site is 
currently being developed (Table 3-1). 

Geological Resources 

Sedimentation and Erosion. The Nueces estuary's main source of sediment is 
the Nueces River system. This system heads in the Edwards Plateau and flows 
southeasterly through the Rio Grande Prairie. Sediment reaching the Mission
Aransas estuary comes from the Rio Grande Prairie primarily by the Mission and 
Aransas Rivers. 

Annual sediment production rates in the Edwards Plateau are low, ranging 
fran 0.052 to 0.055 acre-feet per square mile (25 to 26 m3jkm2) of drain
age area. As the rivers flow over the Rio Grande Prairie the average annual 
sediment production rates reach a high of 0.'18 acre-feet per square mile (86 
m3 jkm2) of drainage area (229, 240). Annual sediment production rates for 
the Mission and Aransas Rivers are 0.17 acre-feet per square mile (81 
m3 jkm2) and O. 18 acre-feet per square mi Ie (86 m3 jkm2), respecti vel y • 

Where a stream enters a bay, flow velocities decrease and the sediment 
'transport capability is reduced; thus, sediment is deposited near the head
waters, forming a bay-head delta. The delta which formed at the mouth of the 
Nueces River is of a type which develops under conditions of high sediment 
inflow into a relatively quiescent body of water. 

-The major marsh areas in the Nueces and Mission~Aransas estuaries are 
associated with deltas. Delta plains are covered with fresh, brackish, and 
saline marshes. In order for marshes to propagate there must be a balance' 
between sediment deposition and cornpactional 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 marsh to form 
tertiary lakes or enlarge the secondary bay area. 

The mainland shore of these estuaries is characterized by near vertical 
bluffs cut into Pleistocene sand, silt, and mud (Figure 3-3). Erosion of 
these bluffs furnishes sediment to the adjacent lakes, marshes and bays. The 
type of sediment deposited depends on whether the adjacent bluff is composed 
of predominantly sand or mud. Pleistocene overbank and bay muds have a high 
shrink-swell ratio, causing dessication cracks to form. Breaking waves, aided 
by the dessication cracks, cut into the base of the bluffs along the shore
line. This process effectively removes slope support and the bluff fails by 
Slumping. Energy levels (erosional capacity) in the Nueces and Mission
Aransas estuaries are dominated by wind action since the range of astronomical 
tides is only about 0.5 foot (0.15 m). Winds blowing across Corpus Christi, 
Aransas, and Copano Bays generate waves which cause erosion along the shore
line. 
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Table 3-1. Reservoirs of Contributing Basins, Nueces and Mission-Aransas Estuaries 

--------------
Reservoir 

Name 

Lake Corpus 
Olristi 

Type of 
Users) !y 

W.S., R. 

Choke Canyon .!21 W.S., R.. 

Year Dam 
Corrpleted 

1958 

Surface 
Area 
Acres 

19,576 

26,000 

Conservation 
Pool Elevation 

ft (msl) 

94.3 

220.5 

Conservation 
Pool Storage 
thousand ac- f t: 

278.2 

700.0 

Flood Control 
Storage 

thousand ac- ft 

Total Storage 
thousand ac- f t 

278.2 

700.0 

a/ W.S. (May include municipal, manufacturing, irrigation, steam-electric' fX"ler and/or mininq use-sr:-----------
- R. (Recreation) 
.!21 Under construction. 
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Shoreline' and vegetation changes within the estuaries and in other areas 
of the Texas Gulf Coast are the result of natural processes (268, 271). 
Shorelines are either ina state of erosion, accretion, or are stabilized 
either naturally or artificially. Erosion produces a net loss in land, 
accretion produces a net gain in land, and equilibrium conditions produce no 
net change in land area. 

Most of the shoreline along the south side of Corpus Christi and Nueces 
Bays is stabilized. A state of erosion exists along the Ingleside and Port
land shoreline. The mainland shoreline of Copano and Aransas Bays is IlPstly 
in a state of erosion, whereas the barrier island shoreline of ,toth Corpus 
Christi and Aransas Bays is generally ei ther in a state of equilibrium' or 
accretion (Figures 3-4 and 3-5). Gulfward of the barrier island the shoreline 
is IlDstly in a state of equilibrium (267). This is an indication that the 
sediment VOlume being supplied is sufficient to balance the amount of ' sediment 
removed by waves and longshore drift. 

Processes that are responsible for the present shoreline configuration 
and that are continually Irodifying shorelines, in the Nueces and Mission
Aransas estuaries include astronomical and wind tides, longshore currents, ',~ 
normal wind and waves, hurricanes, river flooding, and slumping along cliffed 
shorelines. Astronomical tides are low, ranging from a:l:out 0.5 foot (0.15 m) 
in the bays to a maximum of about two feet (0.6 m) along the Gulf shorelines. 
Wind is a major factor in influencing coastal processes. It can raise or 
~ower the water level along the Gulf and/or mainland shore according to the 
direction it is blowing. Wind can also generate waves and longshore currents 
(',182,91,306). " 

The seasonal threat of wind and water damage associated with tropical 
cyclones occurring in the Gulf of Mexico exists each year from June through 
october. Wind damage from hurricanes and associated tornadoes can be costly, 
but the IlDst,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 
nurricanes (91, 198). Storm surge flooding and attendant breaking waves erooe 
Gulf shorelines from a few tens to a few hundreds of feet. Washovers along 
the barrier islands and peninsulas are conrnon, and saltwater flooding may be 
extensive along the mainlan9 shorelines. 

Flooding of rivers and small streams normally corresponds either with 
spring thunderstorms or with the summer hurricane season. Rivers generally 
flood as a result of regional rainfall, but flooding along smaller streams may 
be activated by local thunderstorms (268). Some effects of flooding include: 
( 1) overbank flooding into marsh areas of the floodplain and onto delta 
plains; (2) progradation of bayhead 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 (Figures 3 6 and 3-7), 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 
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to make this area one of the major petrochemical and petrolelUll-refininq 
centers of the world. 

There are several oil and gas fields within the area surrounding Nueces 
and Mission-Aransas estuaries, both onshore and offshore. The production of 
oil, natural gas, and natural gas liquids plays -a prominent role in the total 
econany of the area. 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 natural aggregates and bulk 
construction 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 these 
materials must be imported from inland sources. Shell from the oyster 
Crassostrea, and gnaller amounts from the clam Ranqia is used as a partial 
substitute for aggregate. 

Dredged shell with physical properties suitable for use as aggregate and 
road base has chemical properties suitable for lime, cement, and other chemi
cal uses. If shell were rot used, these resources would have to be trans
ported approximately 150 miles (240 kID) from the nearest Central Texas source. 
The total resources of shell are finite, and at present rates of consumption 
will be depleted in the near future. Substitute materials will then have to 
be imported, ei ther from inland sources or - by ocean barge from more distant 
locations. -

Groundwater Resources. Groundwater resources in the area of the Nueces and 
Mission-Aransas estuaries occur in a thick sedimentary sequence of interbedded 
gravel, sand, silt, and clay. The stratigraphic units included in this 
sequence are the Oakville, Lagarto, and Goliad Formations of Tertiary Age, and 
the Lissie and Beaumont Formations of Quaternary Age. These ancient sedimen
tary units are variable in composition and thickness and were deposited by the 
same natural processes that are rt: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 flood
ing of ancient rivers. Individual beds of predominantly sand and clay inter
finger with each other and generally are hydrologically connected laterally 
and vertically. Because of this interconnection, groundwater can move from 
one bed to another and from one formation to another. The entire sequence of 
sediment functions as a single aquifer, which is referred to as the Gulf Coast 
Aquifer. 

Near the Nueces and Mission-Aransas estuaries this 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 
500 feet (60 to 150 m) thick (243). 

Excessive pumping of groundwater can cause land surface subsidence and 
saltwater encroachment, which are roth irreversible. Locally, the shallow 
aquifer may contain saltwater, whereas, the deeper aquifer sands may have 
freshwater. Excessive pumping of freshwater will allow saline waters to 
encroach into -the freshwater zone, contaminating wells and degrading the 
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general groundwater quality. Re-Ieveling of some survey lines by the National 
Geodetic Survey in 1959 indicates subsidence of three feet (1 m) since 1942 
over the area of the Saxet oil and gas field (Figure 3-8). Total subsidence 
over the Saxet field is awroximately six feet (2 m) (267). The principal 
effects of subsidence are activation of surface faults, loss of ground eleva
tion in critical low-lying areas already prone to flooding, and alteration'of 
natural slopes and drainage patterns. 

Natural Resources 

The Texas ooastal zone is experiencing geological, hydrological, bio
logical and land use changes as a result of man's activities and natural 
processes. What was once a relatively undeveloped expanse of beach along 
deltaic headlands, peninsulas, and barrier islands is presently undergoing 
considerable developnent. Conpetl tion for space exists for such acti vi ties as 
recreation, seasonal and permanent housing, industrial and oommercial develop
ment, and mineral and other natural resource production (268). 

The Nueces and Mission-Aransas estuaries occur in the Coastal Prairie 
land 'resource area ,(335),. The native vegetation oonsists of ooarse grasses 
with narrow fringes of trees along the streams. Much of' the area is reM 

covered by irrq;>roved pasture grasses and cultivated crops. Marshes are 
confined to narrow fringes along the ooast and are OOITq?OSed 'of saltgrass, 
cordgrass, 'and spikesedge (341). Soils vary from light, acidic sands to 
darker, loamy clays. ' 

Land use in the area is dominated by agricultural and ranching activities 
(Figure 3-9), with only minor amounts of irrigated crops (339, 236). Irriga
tion :return' flow quantities (342) are insignificant in this area. ,Grain 
sorghum, corn, small grains and ootton are dryland crops produced in the 
region. Irrq;>roved pastures have been created from brushland. Forested areas 
are primarily oak. 

The Aransas National Wildlife Refuge, managed by the U. S. Fish and wild
life'Service, and the locally ,managed- Welder Wildlife Refuge occur in the 

-, irranediate vicinity of the Nue~s and Mission-:-Aransas - estuaries (Figure 3-10) 
(341). More than 140 known archeolog,ical sites and four National Register 
sites occur in the area. The Johnson site, a type archeological site located 
along the shore, indicates the presence of,nomadic aboriginal food oollectors, 
hunters and fishermen (333). In addition, there are six state parKs of 
recreational, hi s,toric, and scenic significance in the area (262, 263). 

The Nueces ~d Mission-Aransas estuaries support a significant portion of 
the oorranercial fishing industry, in Texas. The annual oommercial bay harVest 
of fish and shellfish in these estuarine systems has averaged 3.1 million 
pounds (1.4 milliory kg) during the 1962 to, 1976 interval. Shellfish, 
particularly shrirrq;>, constitute'the majority of these oommercial bay landings, 
accounting for ,72 percent o~ the total harvest weight. However, a large part 
of each estuary's ,production of fish and shellfish, is caught offshore by 
carnnercial and sport fishermen. When these harvests are oonsidered, the total 
contribution of both estuaries to the Texas ooastal fisheries (all species) is 
estimated at 19.6 ',million· pounds (8.9 million kg, - 81 percent shellfish) 
annually for a recent,five, year period (1972-1976). 
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Natural 'resources .of the bay system and adjoining inland areas provide a 
wide variety of recreation opportuni ties for 'the people of Texas as well as 
for visitors from 'other states. water-oriented recreation activities such as 
fishing, boating, skiing~ and swirrrning are available to the recreationists 
with approximately 130 thousand surface acres (526 million m2) of bay waters 
for recreational ,use; There are 106 miles (170 km) of bay frontage accessible 

, to the pubiic. ' 

The fishing resources of 'the Nueces and Mission-Aransas estuaries include 
many of the fish species preferred by 'sport fishermen. Sport creel studies 
conducted by the Texas Parks and wildlife Department indicate that an esti
mated 590.1 thousand pounds (267.7 'thousand kg) of fish (all species) were 
harvested by sport fishermen in the Nueces estuary during a 12-month interval 
from: 1975 through 1976 (260). species rorrposition of the sport harvesf was 
predominantly spotted seatrout (31.3 percent), black drum (18.8 percent) and 
sand seatrout( 18.4 percent). Other preferred species included croaker, red 
drum, 'and gaff topsail catfish. Similarly, the sport fish harvest 'in the 
Mission-Aransas' estuary has- been estimated' at 518.6 thousand pounds (235.2 
thousand kg) during a 12-month interval from 1974 to 1975 (259). Species 

, composition of 'the harvest was 49.6 percent spotted seatrout, ,,13.4 percent red 
drum, 10.2 percent sheepshead, and 6.7 percent sand seatrout. Other preferred 
species included gaff topsail catfish, southern flounder, black drum, and 
others. ' 

Inland areas and marshes adjacent to the estuaries provide terrestrial 
and aquatic habitat for many species of wildlife including the endangered 
American alligator, whooping crane, brown pelican, leatherback turtle, and the 
Atlantic Ridley sea turtle.' Wildlife resources of the area enhance the 
recreation opPortunities for sightseeing and nature studies, with, esthetic 
benefits accruing to both naturalists and environmentalists. In addition, 
outdoor sportsmen can take advantage of' 8,300 acres (34 million m2)'of salt
water'marsh for hunting opportunities. The marsh areas support large popula-
tions of 'migratory game birds such as geese and ducks. ' 

Data Collection Program 

The'TexaS Department of water Resources realized during its planning 
aCtivities that, with the exception o~ data from the earlier Galveston Bay 
Study, limited data were available on the estuaries of Texas. Several limited 
research programs were underway; however, these were largely independent of 
one another. The data rollected under anyone program were not romprehensive, 
and since sampling and measurement of' environinental and ecological parameters 
tinder different programs were not acromplished simultaneously, the resulting 
data rould not be reliably rorrelated. ' In' some estuaries, virtually no data 
had been obllected. 

A program was therefore initiated'by the'Department, in rooperation with 
other agencies, to rolleCt the data ronsidered essential for analyses of the 
physical and water quaU ty characteristics' and ecosystems of Texas I bays and 
estuaries. To begin this program, the Department consulted with the u. s. 
Geological Survey and initiated' a reconnaissance-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) 
current patterns, directions, and rates of water movement; (3) physical, 
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organic and inorganic water quality characteristics; and (4) the occurrence, 
quanti ty, and dispersion patterns of water (fresh. and GUlf) entering the 
estuarine system. To avoid duplication of work and . to prom:>te ooordination, 
discussions were held with other State, Federal and local agencies having 
interests in Texas estuarine systems and their management. Principally, 
through this oooperative program with the· U. S. Geological Survey, the 
Department has continued to collect data in all estuarine systems of the Texas 
Coast (Figures 3-11 and 3-12, Table 3-2). 

Calibration of the estuarine ~els (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 
reasonably constant hydrologic, meteorologic, and tidal conditions. In addi
.tion, a time history of tidal arrplitudes and salinities at various locations 
throughout the bay was necessary. Comprehensive field data collection was 
undertaken on the Nueces and Mission-Aransas estuaries on June 3-6, 1974. 
Tidal amplitudes were measured simultaneously at numerous locations throughout 
the estuaries (Figure 3-13). Tidal flow measurements were. made at several 
different bay cross-sections. In addition, conductivity data were collected 
at many of the sampling stations shewn in Figures 3-11 and 3-12. 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 environ
ments. 

Economic Characteristics 

Socioeconomic Assessment of Adjacent Counties 

The economic significance of the natural and man-made resources asso
ciated with the Nueces and Mission-Aransas estuaries is reflected in the 
direct and indirect linkages of bay-supported resources to the economies of 
Aransas, Nueces, Refugio, and San Patricio Counties. Trerids in population, 
earnings, and personal income levels are presented for the four counties 
(Aransas and Refugio Counties were also discussed in the study of the Guada
lupe Estuary). 

Population. 'Itle population of the four-county study area experienced an 
annual growth of 0.9 percent between 1970 and 1975, which is well below the 
statewide figure of 1.7 percent for the same period. Only Aransas County. had 
an annual growth rate (3.4 percent) higher than the statewide average, while 
Nueces and Refugio Counties had Slight annual changes (+.82 and ~.84 percent, 
respectively). San Patricio County population grew in this period (1.2 per
cent annually), but at a slower rate than the statewide average. 

In 1975, the. population of the four-county area was 317,300. Nueces 
County, which includes the City of Corpus Christi, accounted for 78 percent of 
the total. Population forecasts for the period 1975 to 2030 indicate that the 
popUlation of the study area can be expected to increase 1.4 !)ercent per annum 
to the year 2030. Nueces County is projected to remain the most populated, 
growing to 83 percent of the study area population in 2030. Aransas County, 
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Table 3-2. U. S. GeolOgical Survey (USGS) or Corps of Engineers (COE) Gages, 
Nueces and Mission-Aransas Estuaries 

Station 
Number 

28 

29 

30 

31 

31A 

32 

32A 

33 

34 

34A 

34B 

35 

35A 

36 

Station Description 

Tide Gages 

St. Charles Bay, Indian Head 
Point 

Copano Bay, Hwy. 35 bridge 

Copano Bay, Bayside, Cities 
Service Pt.rrnp Sta. 

Aransas Bay, Nine Mile Point 
Light 

Aransas Bay, Rockport Harbor, 
Texas P & WL 

Redfish Bay, Aransas Pass 
Channel, Hwy. 361 

Redfish Bay, Aransas Pass 
, Channel MKR 1112 

Aransas Pass, Port Aransas, 
South Jetty 

Nueces Bay, Arco Well 1110 
(Wht. Pt.) 

Nueces Bay, White Point
Phillips 66 

Nueces Bay, Phillips well 115 
(Wht. Pt.) 

Nueces Bay, Hwy. 181 Causeway, 

Corpus Christi Bay, TUrning 
Basin, Pier 9 

Corpus Christi Bay, COE Area 
Office 

Period 
of 

Record 

1977-

1968-

1966-

1971-75 

1971-

1973-

1971-73 

1968-

1971-75 

1969-71 

1975-

1971-

1968-69 

1969-

Operating 
Entity 

COE 

COE 

COE 

COE 

COE 

COE 

COE 

COE 

COE 

COE , 

COE 

COE 

COE 

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 

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

( continued) 
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Table 3-2. U. S. Geological Survey (USGS) or Corps of Engineers (COE) Gages, 
Nueces and Mission-Aransas Estuaries (cont'd.) 

Station 
Number 

37 

38 

39 

40 

1890.80 

1890.85 

1895.55 

1898.24 

1898.25 

1898.85 

1898.95 

1899.45 

: 
Station Description 

: Period 
of 

Record 

Corpus Christi Bay, Naval Air 1966-
Station 

Corpus Christi Bay, Ingleside, 1969-
Sun P. L. Dock 

Corpus Christi Bay, 4600 Bay- 1969-75 
shore Drive 

North Laguna Madre, Gn-M Marker 1971-75 
#21 

Aransas Bay (Dun. Pt.) nr. 1971-
Fulton 

Saint Charles Bay nr. Fulton 1971-76 

Copano Bay nr. Bayside 1966-76 

Aransas Bay at Rockport 1975-76 

Aransas Bay nr. Rockport 1971-75 

Aransas Bay (Mud Isle) nr. 1971-75 
Port Aransas 

Redfish Bay (SH 361) nr. 1971-76 
Aransas Pass 

Corpus Christi Ship Channel nr. 1969-76 
Ingleside 

1899.65 . Nueces Bay (Wh. Pt.) nr. Corpus 1969-76 
Christi 

1899.67. 

2115.05 

2115.30 

Nueces Bay nr. Whites Point nr. 1974-
Corpus Christi 

Nueces Bay (U.S. 181) nr. 
Corpus Christi 

Laguna Madre (ICWW) nr. 
Corpus Christi 

1971-76 

1976-

Operating 
Entity 

COE 

COE 

COE 

COE 

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 

Continuous 
Recording 

-----------------------------------------------------------------------------
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Table 3-2. U. S. Geological Survey (USGS) or Corps of Engineers (ODE) Gages, 
Nueces and Mission-Aransas Estuaries (cont'd.) 

Station 
Number 

1892 

1895 

1897 

1898 

2112 

2115 

2115.2 

1891.00 

Station Description 

Stream Gages 

Copano Creek nr. Refugio 

Mission River at Refugio 

Aransas River nr. Skidmore 

Chiltipin Creek at Sinton 

Nueces River nr. Mathis 

Nueces River nr. Calallen 

Oso Creek at Corpus Christi 

Partial Record Stream Gages 

Salt Creek nr. Refugio 

Period 
of 

Record 

1970-

1939-

1964-

1970-

1939-

1966-67 

1972-

1967-77 

III-25 

Operating 
Entity 

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 

Limited Data 
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however, has the highest projected growth rate, growing by 2.6 percent per 
annllll\ from 1970 (2.9 percent of the study area population) to 2030 (6.1 
percent of the study area population). Details of future population estimates 
for the four-county area are presented in Table 3-3. 

Income. Real personal income for the four county region comprised 
awroximately .2 percent or $874.3 million of the state's estimated personal 
inccme in 1970. Nueces County accounted for !lOre than 80 percent of the 
regional estimate followed by San Patricio (14 percent), Aransas (3.percent) 
and Refugio (3 percent). 

Employment. In 1970, an estimated 102,568 persons were employed in the study 
area, and over 79 percent of these worked in Nueces County. Aransas County 
had the lowest study area employment in 1970 (2.8 percent of the regional 
total), followed by Refugio County (3.4 percent). 

The study area employment accounted for approximately 2.5 percent of the 
total statewide employment in 1970. 

Over three-fourths of the region's employed labor force is distributed 
arrong eight major industrial sectors (Table 3-4). Workers employed by whole
sale and retail trade establishments, the larqest employment sector, account 
for al!lOst 23 percent of the area's labor force. 

Industry. The "basic" industries in the area are manufacturing, aqriculture
forestry-fisheries, and mining. These sectors account for 20 percent of all 
employment in the study area. In addition to the basic sectors are the ser
vice sectors: wholesale and retail trade, professional services, construction, 
civilian government, and amusement and recreation. These employ over 57 
percent of the region's workers. The service sectors provide qoods and 
services to the basic industries as well as the general public and are, in 
varying deqrees, dependent upon them. 

The !lOst significant basic. sector, in terms of total earnings, is manu
facturing (Table 3-5). The major portion of manufacturinq' activity is 
centered in the Corpus Christi metropolitan area and is concentrated in the 
production of primary metals (mainly alllll\inllll\), chemicals, and petroleum 
refining. 

The Port of Corpus Christi is' another important factor in the reqional 
economy. In 1970, it was the thirteenth largest port in the United States, and 
the second larqest in Texas (92). It functions as a maritime harbor as well 
as an inland harbor with access via the Intracoastal Canal to ports on the 
Mississippi River. In addition to providing basic low-cost transportation for. 
raw materials and finished products, it is also an important source of direct 
and indirect employment in the area. 

The mineral wealth of the area is also an important factor in its 
economy. Crude oil production in 1977 exceeded 43 million barrels, or 
approximately 4 percent of the state total. Eighty-three percent of regional 
crude oil production came from Refugio County alone. Reqional natural gas 
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Table 3-3. Population Estimates and Projections, Area Surrounding Nueces and Mission-Aransas Estuaries, 1970-2030 (239) 
, ,~., , i' ' -

-~------~- ------.. , 1970-2000 1970-2030 
county 1970 '1975 1980 1990 2000 ·2010 '2020 2030 Annual % Annual % 

.. . . chang: Change -. . 
--------~-------

'. 
Aransas 8,9~2 .10,500 .12,400 16,200 20,600 26,000 33,000 42,200 2.8 2.6 
Annual % Change 2. 4 3.4 2.7 2.4 2.4 2.4 2:5 

Nueces 237,544_ 247,400 261,300 288,400 322,400 374,300 453,800 576,300 1.0 • 1.5 
Annual ~ Change .82 1.1 .99 1.1 1.5 1.9 2.4 

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

/ 
San Patricio 47,288· 50,300 53,100 

, 
56,600 . 59,000 61,600 64,600 67,600 .74 ;60 

Annual % Change 1.2 1 .1 .64 .42 .43 .48 .45. 

Area Total 303,228 317,300 335,700 369,500 409,900 469,500 558,900 693,600 1.0 1.4 
Annual··% Chanqe .91 1.1 .96 1.0 1.4 1.8 2.2 

H 
H 
H 
I 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 

N Annual % Change 1.7 1.9 1.5 (.6 1.7 1.7 1.8 00 
--------' _. ~-----. -~-----------. --~---------

.' 



Table 3-4. Employment by Industrial Sector, Area Surrounding Nueces and Mission-Aransas Estuaries, 1970 
(234) 

1970 
Percent 
of Total 

,Employment 
of Study 

Sector Aransas Nueces Refugio :San Patricio: Total Area 

Wholesale and Retail Trade 721 18,850 815 3,139 23',525 22.9 

Manufacturing 295 8,973 198 1,818 11,284 11.0 

Professional Services 305 14,050 490 2,236 17,081 16.7 

Construction 273 7,175 257 1,'536 9,241 9.0 
H 
H Agriculture, 'Forestry, and H 
I Fisheries 217 2,171 369 1,731 4,488 4.4 IV 

'" 
'Mining 129 3,253 441 959 4,782 4.7 

Ci vilianGovernment 132 7,414 124 675 8,345 8.1 

Amusement ,and 'Recreation 55 602 7 85 '729 .7 

All Other 738 18,817 '770 2,768 23,093 22.5 

Total ' '2,845 81,305 3,,471 14,947 102,568 100.0 



Table 3-5. Earnings by Industrial Sector, Area Surrounding Nueces and Mission-Aransas Estuaries, 1970 
(233) 

1970 
Percent 
of Total 
Ear:n.ings 

Area in Study 
Sector Aransas Nueces Refugio :San Patricio: Total Area 

(Thousands of 1967 Dollars) 

Wholesale and Retail Trade 3,761 115,193 3,002 13,923 135,879 19.4 

Manufacturing 2,250 83,488 1,053 11,643 98,439 14.1 

Professional Services 933 50,352 1,058 5,816 58,159 8.3 

Construction 1,431 44,042 951 6,843 53,267 6.6 
H 
H 
H Agriculttlre, Forestry, and I w Fisheries 1,898 22,249 2,279 12,876 39,302 5.6 0 

Mining 1,015 29,996 2,451 6,419 39,881 5.7 

Civilian Government 2,078 136,724 1,378 9,035 149,215 21.3 

Amusement and Recreation 118 2,371 17 243 2,749 .39 

All Other 2,953 105,857 2,316 17 ,063 122,379 17.5 

County Totals 16,437 .590,272 14,505 78,046 699,260 100.0 



production (gas well and casinghead gas) in 1977 was over 330 billion cubic 
feet, or '4.5 percent of the state total (266); 

Agriculture.' The"four-cOUllt'y area had over $92 million in receipts 'from crop 
production in 1977 • Major regional croP!' are cotton, corn, and grain sorghum. 
Livestock and livestock, product receipts in 1977 were oVer $17 million, for a 
total' regional agriCultural output of. over $110 million in' that year. ,In 
addition" the bay-supported conrnercial fishing industry provides fish and' 
shellfish seafoods to local and regional markets. 

'. '. 
summ<;'EY. , The four', county area possesses natural and man-made :resourses, 
Exarrunatwn of ,projected trends in population, industrial composition 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 economy, can 
be.attributed to the diversity of the area's industrial structure, the future 
well-:-being 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 abie to coexist in the bay environment. . . 

.', The ecOnomic outlook for'the study area is reflective of the continued 
grCMth . of the' area's .basic industries, i.e., manufacturing, agriculture, and 
mining. Industries involved in the production of primary metals, chemicals, 
and petrole,Ull\refining is eXpected to continue to provide the impetus for. the 
area' s ~loyment and earnings potential. Mdi tional busi[less generated by 
the·Port.ofCorpus Christi should continue to enhance the economic developnent 
potential of the area, thus providing ·additional employment opportunities for 
the populus of Nueces and surrounding, ·counties. The future economic situation 
of the study·area appears to be bright. and progressive due to the strenqth of 
'the area's basic industries and the diversity of its industrial structure. 

Economic Importance of Sport and Commercial Fishing 

Introduction. Concurrent with the'biological and hydrological studies of the 
Nueces and Mission-Aransas estuarine, systems, analyses ·have been performed 
to compute estimates of the quantities of sport and comnercial fishing and the 
economic irrpacts of these, fisheries upon the local and state economies. The 
sport . fish~ng estimates are base,d upon data obtained through surveys. of a 
sarrple of fishing parties and upon the analytic methods presenteq below. The 
commercial fishing estimates were based on data from published' statistical 
series about· the industry. 

Sport Fishing Data Base. In cooperation with the Texas Parks and Wildlife De-' 
partment ,three types of sarrple surveys were conducted for the p1rp0se of 0b
taining .. the data 'necessary for these studies of sport fishing in the Nueces' 
and Mission-Aransas estuaries. The surveys. included: (1) personal inter
views, '(2) roving counts, and (3) motor vehicle license plate counts. 
Personal 'i.nterviews 'of asarrple of sport fishing parties on a randomly . 
. selected sarrple of.we·ekend days were conducted at major- access points to the. 
estuaries for the purpose of obtaining sarrple data pertaining to fisf) catch, 
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cost of fishing. trip, and personal QJ:>1nl.on infonnation. Concurrent with the 
personal interview sample survey, counts of sport fishermen and boat trailers 
were made at a· statistically randomized sample of mat 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 rounts ronducted during the 
pedod September 1, 1976 through August 31, 1977 were used in this analysis. 
A motor vehicle license plate sample survey was ronducted during the summer of 
1977 to obtain additional infonnation on sport fishing visitation patterns by 
county of origin., . 

S~rt Fishi~ Visitation' Estimation Procedures. Estimates of total sport 
hshing partles were made using data obtained from the personal interview 
sample survey and the fishermen and mat trailer rounts from the roving rount 
samPle survey. The fishing party was selected as the measurement uni t ~
cause expenditures were made for parties as opposed to individuals. Sarriple 
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 mat fishermen actually fishing in the study area, Fach 
of·these average romputations was stratified according to calendar quarter and 
fishing strata (boats, wade-bank, or pier). . 

The roving count sample survey ronsisted of mat trailer rounts at each 
of the designated mat ramps and the number of individuals observed fishing at 
each, of the designated wade-bank areas within the study area (estuary 
systems). An adjustment of the mat trailer count' was made to correct for 
those boats which were not fishing in these estuary systems. Sample data from 
the'mat party personal interview survey were used to estimate the proportion 
of mat parties that were fishing in the study area. 

The estimated number of fishing parties at the Nueces and Mission-Aransas 
estuaries for the study period is stated as' follows: 

T=Z+W+P 

where: 

T = Estimated total annual fishing parties, 
Z = Estimated number of mat' fishing parties, 

,W = Estimated number of wade-bank fishing parties, and 
P = Estimated number of pier fishing parties. 

Each of the components of the total fishing party estimating equation is 
defined and explained ~low. 

4 
Z = L: zk; (k = 1, 2, 3, and 4) and pertains to the caiendar quarters of 

k=1 of the year beginning with Septe~r 1, 1976. 

where: 

Z = Estimated number of mat parties fishing in the Nueces and Mission
Aransas estuaries for the period September 1, 1976 through August 
31, 1977. 

zk = Estimated number of boat parties fishing in the Nueces and 
Mission-Aransas estuaries during the kth calendar quarter of the 
study period. 

4 
W = L: wk; (k = 1, 2, 3, and 4) as explained atove. 

k=1 
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where: 

w = 

4 

Estimated number of wade-bank parties fishing in the Nueces and 
'Mission-Aransas' estuaries for the period September 1, 1976 through 
August 31, 1977. 

Estirriated' nuinber of wade-bank parties fishing in the Nueces' arid 
Mission-Aransas estuaries' during the kth calendar quarter of the 

,study period. 

P = L: Px:; (k = 1, 2, 3, and 4) as explained above. 
k=1 

where; 

P = Estimated' number of pier parties' fishing' in the ,Nueces ahd 
Mission-Aransas' estuaries for the period September 1, 1976 through, 
August 31 j 1977~ 

Estimated number of pier 'parties' fishing in the Nueces and 
Mission-Aransas estuaries during' the kth caienaat quarter of the 
study. 

The 'equations and definitions presented above give the results of the 
sample estimates of the types of fiShing, in the estuary. The typical qUarter'"' 
ly'sample,analysis and individual computation methods are stated and defined 
belON for' the general case,' for weekends. since roving count, ,imd interview 

,data were, not collected on' weekdays in this study period; weekday analyses' 
were based on the weekday/weekend visitation distribution as' observed in tne 
motor vehicle license plate survey. The results for weekdays and weekend days 
were summed'to obtain estimates for the entire quarter. ' 

For boat fishing: 

where: 

Zk = Estimated number of boat fishing parties on weekend ,days ih 
quarter k, 

- Estimated proportion of trailers, for which there were boat 
parties fishing in the study area io' quarter k, on weekend days, 

= Number of hours" subject to bei.ng surVeyed per weekend day ih 
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); 
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r = Sample boat si tes wi thin the study area (10 boat sites for the 
Nueces and Mission-Aransas estuaries), 

Ox: = weekend days in quarter' k (m = 64 in fall, spring, and winter, 
m = 67 in summer), 

,Xij = Number of ,trailers counted per hour on weekend days at site i 
on day j, in quarter k, 

Nik = Number, of times site i was surveyed on' weekend days during 
quarter k, and 

Ak = Average number of hours fished per boat party on weekend days in 
quarter k. 

No data were collected for wade-bank and pier fishing in this study 
period; therefore, the estimate of wade-bank and pier parties was based on the 
relation of wade-bank and pier fishing to teat fishing as observed in the 
year~long studies of Corpus Christi and Aransas Bays (259, 260). 

, 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 319 thousand fishing parties annually visit 
the Nueces and Mission-Aransas estuaries (Table 3-6). Seasonal visitation as 
a percentage of annual visitation ranged from a high of more than 33 percent, 
for the fall quarter to a low of approximately eight percent during the winter 
quarter. The distribution of fishing parties by strata indicates that wade
bank fishing accounted for about 55 percent of annual visitation followed by 
boat fishing with approximately 28 percent (Table 3-7). 

Sport Fishing Visitation Patterns. Although' the personal interview informa
tion included the oounty 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 oonjunction with t!1e roving oount, the motor 
vehicle license plate numbers of fishing parties. From the license plate 
numbers, the vehicle's registration oounty, 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 the 
Nueces and Mission-Aransas estuaries came from the following six oounties -' 
Nueces (19.4 percent of the summer 1977 visitation), Bexar (18.8 percent), San 
Patricio (7.8 percent), Harris (6.9 percent), Dallas (3.8 percent), and Travis 
(3.7 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 Nueces 
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Table 3-6. Estimated Seasonal Sport Fishing Visitation to Nueces and 
Mission-Aransas Estuaries, 1976-1977 51 

Season !y Boat Wade-Bank EI: . Pier d/ 
: 

thousands of parties 

Fall 31.3 61.4 15.3 . 
(2.80) (l.85) ( 1.97) 

Winter 8~7 15.3 1.7 
(2.42). (1.73) (2.15) 

:SprinJ 20.3 ·58.4 13;6 
(2.73) (2.17) (2.49) 

SUIIUTlE!r 28.4 40.7 24;9 
(2.64) (2.22) (2 :58) 

Total ,All 88.7 175.8 55.4 
Seasons (2.71) (1.97) (2.23) 

Total - All Strata 

107.9 

25.7 

92.3 

94.0 

319.9 

a/ The'figures infJarenthesis cfnd:lcate the weighted average number of fishennen per party 
- for the respective 'fishing 'type and quarter 'for the two .estuarine systems 
-b/ Fall = September, October, and 'November 
- Winter = 'December, January, and 'February 

Spring = . March, April, and 'May 
SUIIUTlE!r = June, .July, and August 

c/ Wade-'bank 'fishennen/party data obtained from (259 , 260) 
ij Pier fishennen/party :(259, 260) . 

\ 



Tablp 3-7. Estimated Seasonal Sport Fishing Visitation Patterns at Nueces and 
Mission-Aransas Estuaries, 1976-1977 

Visitation Fall Winter Spring Summer Total-Annual 

thousands of parties 

Local 36.8 9.0 35.5 28.6 109.9 

Nonlocal 71.1 16.7 56.8 65.4 210.0 

Total Visitation 107.9 25.5 92.3 94.0 319.9 

Table 3-8. Estimated Average Cost per Sport Fishing Party by Type and 
Origin, Nueces and Mission-Aransas Estuaries, 1976-1977 

Average Cost : weighted 
per Party .. Boat Wade-Bank Pier Average 

1976 dollars 

Local 13.52. 6.47 6.33 8.39 

Nonlocal 99.16 . 92.18 55.99 87.73 
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and Mission-Aransas estuaries, these counties are Aransas, Bee, Goliad, Jim 
Wells, Refugio, Nueces, 'and San Patricio. "Non-local" comprises all other 
Texas counties and out-of-state visitors. 

Since it is expected that the proportions of local and ronlocal bay sport 
fishermen vary fran season to season, an attempt was made to' estimate this 
pattern for seasons other than the summer period. The only information 
available on visitation patterns for all seasons was the sample of personal 
interview data which, in addition to the small number of observations, was 
felt to be biased toward local parties. ,Thus, the summer license survey 
visi tation pattern was corrpared to the summer interview pattern, for the 
purpose of oomputinq an adjustment factor. This was applied to the remaining 
quarters of interview data to remove the bias toward ,local data ,and provide a 
more,accurate reflection of year-round visitation patterns (Table 3-7). 

Sport Fishing Direct Expenditures. During the interview, a q\.Iestion was asked 
of the party head for total expected cost of the trip for the entire group, 
including food, lodging, and gasoline. The personal interview survey sample 
of fishing party expenditure data was grouped by origin (local or ronlocal). 
As previously mentioned, no data were collected for wade-bank and pier parties 
during this study period; therefore, the relationship between average cbst per 
boat party and wade-bank and pier' parties from the 1975 through 1976 study of 
Corpus Christi Bay (260) was used to estimate average cost per party for the 
two strata. The average cost per party for the various fishing types and 
origins (Table 3-8) ,was applied to the adjusted visitation distribution 
estimates (Table 3-7) and visitation estimation by type (Table 3-6) to obtain 
an estimate of total sport fishing expenditures (Table 3-9). More than 34 
percent of the estimated $19.34 million expenditures were made during the fall 
and 30.0 percent was made during the summer q\.Iarter (Table 3-9). ' 

Sport Fishing Economic Impact 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 eq\.Iipment 
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 by sport fishing 
parties. For this analysis, the expenditures for transportation, food, lodg
ing, equipment, and other materials and services purchased were classified by 
economic sector. Specifically, the expenditures that vary .',th size of party, 
duration of trip, and distance traveled, i.e., variable expenditures, were 
classified into: recreation (including marinas, boat rental fees, and Ix>at 
fuel); fisheries (bait); eating and drinking establishments; lodging Services; 
and travel (gasoline and auto service stations). Eq\.Iipment expenditure infor
mation for boat insurance, boats, motors, trailers, and fishing tackle is rot 
available. Thus, this analysis is an understatement of the total business 
associated with sport fishing in the Nueces and Mission-Aransas estuaries. 

Indirect impacts 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 purchases 
materials and services. The total amount of these successive rounds of 
purchases is known as the indirect effect. The total business effects of 
sales of equipnent, supplies, and services to fishing parties upon the 
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Table 3-9. Estimated Sport Fishing Expenditures by Season and Fishing Party 
Type, Nueces and Mission-Aransas Estuaries, 1976-1977 

Season 2/: Boat Wade-Bank Pier 

thousands of 1976 

Fall .2,215.4 3,933.3 600.1 

Winter 589.2 925.2 64.5 

Spring 1,323.1 3,394.5 494.5 

Summer 2,073.2 2,697.9 1,034.1 

Total 6,200.9 10,950.9 2,193.2 

~ Fall September, October and November 
Winter = December, January and February 
Spring = March, April and May 
Summer = June, July and August 
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Total Percent 

dollars 

6,748.8 34.9 

1,578.9 8.2 

5,212.1 26.9 

5,805.2 30.0 

19,345.0 100.00 



regional and state econanies"include the direct and indirect incomes resulting 
from the direct fishing business. Each .economic sector pays wages, salaries 
and other forms of income to enployees, owners and stockholders who in tum 
spend a 'portion of these incomes on goods and services. In this study, the 
method used ,to calculate this total impact is input-output analysis, using the 
Texas Input-()utput r-bdel (242) and regional input-output tables derived from 
the state rrodel (246).J! ' 

The expenditure data oollected by personal interviews of a sample of 
fishing parties at ,the Nueces and, Mission-Aransas estuaries (Table 3-9) 
indicated only the magnitude of variable expenditures by 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 industries in the West Gulf of Mexico region (Missis
sippi delta to Mexican rorder) (399). TO account for different oriqins and 
types of fishing parties, variable expenditures were analyzed for each of the 
four types of fishing parties: local roat parties; local wade-bank parties; 
nonlocal wade-bank parties; and nonlocal roat parties. Variable expenditures, 
except for travel, were classified as having been made 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 variahle sport fishinq expenditures 
in the local area,of the Nueces and'Mission-Aransas estuaries were over $17.02 
million. In addition, there was an estimated $2.31 million spent outside the 

'region,' within Texas (Table 3-10). Most of the expenditure impact, over 88 
percent, accrues to the region. flowever, when the total impacts are cal
culated, the regional gross :iJ%>act of over $36.12 million accounts for a 
little ilore than half (57.8%) of the gross dollar value statewide (Table 
3-11 ) • This spreading of impact results from business and industry market 
linkages among regional establishments and suppliers throuqhout the State. 

Approximately 35 percent of the direct expenditures by sport fishermen in 
the region results in increased personal incomes for regional households 
directly affected by the sport fishing industry. From these data it is esti
mated that regional households received an increased annual income of over 
$10.63 million,from the sport fishing business in the area (Table 3-11). 
Statewide, the income impact amounted to over $17.7 million, annually. 

The input-output analysis estimated a total of 1,017 full time job 
equivalents directly related to sport fishing in the Nueces and Mission
Aransas estuaries region in 1976 through 1977. Statewide, an additional 203 
full time job equivalents were estimated to be directly related to the expend
i tures for sport fishing. The total employment il11Pact to the state economy 
was 2,075 full time.job equivalents (Table 3-11). 

Revenues to state and local governments (including schools) are ,posi
tively :iJ%>acted bY the increased 'business activity and qross dollar flows from 
sport fishing business. The total statewide state tax revenues amounted to 
over $637.6 thousand, with S377.3 thousand collected in the local region. 

1/ Input-output relationships were estimated for Calhoun, Victoria', Jackson, 
- Refuqio, and Wharton Counties. 



Table 3-10. Estimated Sport Fishing variable Expenditures by Sector, Nueces 
and Mission-Aransas, Estuaries, 1976-1977 

Bait Travel Food Lodging Recreation 21 'lbtal 

thousands of 1976 dollars 

'lbtal 5,051.6 4,851.9 5,410.2 1,645.2 2,386.1 19,345.0 !>I 

a/ Marinas, boat fuel, and boat rental. 
§! Adjusted for travel expenditures outside the study area 19,345.0 -

. (2,315.8). Expenditures in the region = $17,029.2 thousand. 

Table 3-11. Direct and 'lbtal£V Economic Impact from Sport Fishing 
Expenditures, Nueces and Mission-Aransas Estuaries, 1976-1977 !>I 

'lbtal 

Regional State Regional State !y 

Output 
(thousands) $17,029.2 $19,345.0 $36,121.8 $62,434.8 

Employrrent 
(Man-Years) 1,017 1,220 1,441 2,075 

Income 
(thousands) 5,969.3 7,124.7 10,635.8 17,708.5 

State Tax 
Revenues 
(thousands) ~ 147.0 377.3 637.6 

Local Tax 
Revenues 
( thousands) ~ 209.4 638.7 976.8 

al "Total - direct, indirect, and induced 
til Values in 1976 dollars 
:£i Direct impacts for the 

ture adjustment 
region and state differ due to the travel expendi-

dl Statewide expenditures include the regional impacts 
~ Data not available 
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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 impactS 
for local jurisdictions were concentrated within the region where an estimated 
$638.7 thousand resulted from direct, indirect and induced sport fishing 
expenditures (Table 3-11). In addition, local governments outside the Nueces 
and Mission-Ar<insas estuaries region collected an estimated $338 thousand in 
taxes on travel expenditures by fishing parties in 1976 through 1977. 

The data shows that sport fishing in the Nueces and Mission-Aransas 
estuaries region results in a larger economic impact ih areas outside the 
region than within the region. However, data necessary to analyze the effects 
of the sport fishing equipnent business were not available. Thus, the annual 
statewide gross output impact of over S62.43 million represents a contribution 
to the State's economy from only. the variable expenditures by sport fishermeh 
in· the estuarine region and does not include the effects of purchases of sport 
fishing equipnent., 

Economic Impact of Conmercial Fishing. The analysis of the conrnercial fishing 
industry in the Nueces and Mission-Aransas estuaries was somewhat limited hv 
the availability of estuary-specific data. Estimates made of each estuary's 
total contribution to corrrnercial fisheries harvests were based on the fish~ 
eties inshore-offshore harvest distributions. However, the specific markets 
into which the fish catch were marketed are 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 conrnerCial fishing contribution of the estuaries, was 
estimated at 1,910,500 pounds (866,600 kg) of finfish and '15,833,500 Pounds 
(7,2 million kg) of shellfish for the period 1972 through 1976. Using 1976 
docKside finfish and shellfish prices ($.357 per lb. and S 1'. 456 per lb" 
respectively), the direct conrnercial value of fish attributed to the estuaries 
was estimated at $23.73 million (1976 dollars) (377). Shrimp, blue crab, and 
oysters constituted approximately 89 percent of this value. 

The Texas economy-wide total business resul tinq from ccinrnercial fish 
catch attributed to the Nueces and Mission-Aransas estuaries was estimated 
using the 1972 Texas Input-{)utput Model fisheries sector multipliers. Total 
value of the catch was $23.7 million, direct employment in the fisheries 
sector was 864, and direct salaries to fisheries employees was $7.93 million 
(Table 3-12). 

Gross Texas business resulting from fishing, processing, and marketing 
the catch attributed to the estuaries in 1976 was estimated at $73.93 millioh. 
Indirect supporting and marketing activities provided an additional 864 full 
time job equivalents regionally and an additional 676 full time job equiva
lents statewide, Gross personal income in Texas attributed to the estuarine 
fishing and supporting sectors was estimated at $20.33 million, state taxes at 
$671.7 thousand, and taxes paid to local units of governments throughout 
Texas; as a result of this fishery business, at $932.8 thousand in 1976 (Table 
3-12) • 

SUll'aTlary of Economic Impact of the Sport arid Conrnercial Fisheries. Analyses 
have been performed to compute estimates of the quanti ties of sport and com-



Table 3-12. Direct and Total a/ Economic Impact of Comnercial Fishing in the 
Nueces and Mission-Aransas Estuaries, 1976 

Total 
Fishing 
Sector Regional State 

Output 23,735.6 49,631.5 73,936.5 
(1000's 1976 $) 

Employment 864 1,540 1,837 
(Man-Years) 

Inccrne 7,930.1 16,423.8 20,332.8 
(1000's 1976 $) 

State Tax Revenues 90.2 519.8 671. 7 
(1000's 1976 $) 

Local Tax Revenues 106.8 802.3 932.8 
(1000's 1976 $) 

~ Total - direct, indirect and induced 
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mercial 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 effects include expenditures for goods and services purchased 
by sport fishermen {transportation, food, lodg i'ng, equipnent} • 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-oiJtput analysis, using roth the Texas Inp.!t-0utput 
Model and regional tables derived from the state model, was used to calculate 
the total impact. The results showed that variable sport fishing expenditures 
in the local area were greater than $17.02 million. In addition, there was an 
estimated $2.31 million spent outside the region, within Texas. 

Approximate 35 percent of the direct expenditures by sport fishermen in 
the region surrounding the Nueces and M.ission-Aransas estuaries resulted in 
increased personal incomes for regional households directly affected by the 
sport fishing industry. Statewide, the income impact amounted to Oller $17.70 
million, annually. In addition, the total employment impact to the State 
economy was 2,075 full-time job equivalents. 

Revenues to State and local government {including schools} were postively 
impacted by the increased business activity and gross dollar flows from the 
sport fishing industry in roth estuaries. 'I11e total statewine State tax 
revenues amounted to over $637.6 thousand. Ilxcept for regional local tax 
revenues, sport fishing resulted in a larger economic impact in areas outside 
the region than locally. 

Estimates were made of the total {inshore and offshore} commercial 
fisheries harvest dependent upon the Nueces and Mission-Aransas estuaries. 
The average annual commercial fisheries rontribution was estimated at 17.7 
million pounds of finfish {11 percent} and shellfish {89' Percent} for the 
period 1972 through 1976. The total value of the catch was $23.7 million 
{1976 dollars}, direct employment in the rommercial fisheries sector was 864, 
and direct salaries to employees was $7.93 million. 
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CHAPTER IV 

I 
HYDROLOGY 

Introduction 

Detailed studies of the hydrology of areas draining to the Nueces am 
Mission-Aransas estuaries were necessary to estimate historical freshwater 
inflONs from contributory areas, only a portion of which are gaged. Fresh
water inflON contributions to the Nueces estuary come from the Nueces Basin 
and several small coastal basins, including portions of the San Antonio-Nueces 
Coastal Basin and the Nueces-Rio Grande Coastal Basin. Contributions of 
freshwater to the Mission-Aransas estuary come in large part from the Mission 
and Aransas Rivers. Their watersheds comprise the major portior of the San 
Antonio-Nueces Coastal Basin. 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 inflON from a historical perspective. 

Freshwater InflONs 

Freshwater inflON contributions to the Nueces and Mission-Aransas 
estuaries consist of (1) gaged inflON from the Nueces Basin and San Antonio
Nueces Coastal Basin; (2) ungaged runoff; (3) return flONs from municipal, 
industrial and agricultural sources in ungaged areas; and (4) precipitation on 
the estuary. The follONing paragraphs crmsider each of these individually. 
In addition to freshwater inflow, evaporation from the bay surface is con
sidered to arrive at a freshwater inflow balance. 

Gaged Inflow, Nueces Estuary 

Utilizing the most downstream gage, the Nueces River near Mathis (USGS 
Gage #08211000), the Nueces River Basin has a total gaged drainage area of 
16,660 square miles (43,150 kJn2). Gaged flow at the Mathis gage on the 
Nueces River has averaged 628,000 acre-feet/year (771 million mJ/yr) over 
the period 1941 through 1976 (Table 4-1). Gaged yield from the Nueces Basin 
(1941 through 1976) has averaged 40 acre-feet per square mile (190 m3/ha). 
A major diversion of the Nueces River occurs a short distance upstream from 
the river mouth in Calallen pool. Calallen pool is formed behind an uncon
trolled rock-rubble salt-water barrier, and all water supplies for the region 
are diverted from this pool. Nueces River inflow enters the estuary through 
the Nueces delta at the western edge of Nueces Bay. Utilizing reported 
diversion records of the Texas Department of Water Resources ('lrnR) Water 
Usage System, gaged Nueces River inflows have averaged 575,000 acre-feet/year 
(706 'million m3/yr) over the period 1941 through 1976.11 Nueces River 
inflON accounted for 84 percent of the combined inflowY and 60 percent 

1/ 
Y 

Gaged Nueces Inflow = (gaged Nueces flow) - (diversions); see Table 4-2. 
Combined inflow = (gaged inflow) + (ungaged inflow) + (return flows from 
ungaged areas) - (diversions below last gage) 
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Table 4-1. Monthly Freshwater Inflow, Nueces Estuary, 1941-1976 <Y 

.. _---- -------------------
Gaged Gaged Total :" : Total : Bay : Freshwater 

Month - Nueces Nueces Gaged .: Ungaged :Return :Diversions:Comhined:Precipitation:Freshwater:Bvaporation: Infla..r 
Flow Inflow -Irifloo Inflow : Floos : Inflow o-,,-~ay Inflow Losses Balance 

Thousands of Acre-Feet 
Average over all Years 

January 21 18 18 2 1. 3 22 13 36 24 12 

FebLuary 20 16 16 3 3 22 16 38 24 14 

March 20 16 16 0 2 4 19 10 29 32 -2 

April 21 17 17 4 2 4 24 18 42 37 5 

May 91 86 86 9 2 5 98 30 128 46 81 

June 71 66 66 6 2 5 76 26 102 57 45 

H 
July 54 48 48 7 3 5 59 20 . 79 - 71 8 'f 

'" August 32 27 27 7 2 5 37 29 67 73 -5 

September 136 131 131 21 2 4 155 48 203 58 145 

OctObeL 112 108 108 11 2 4 121 27 149 49 100 

November 31 27. 27 2 4 30 14 45 37 8 

December 12 8 '8 2 2 4 13 13 27 28 0 
----------------------------------------------------------------------------------------------------------------

Totals 621 568 568 73 23 50 676 264 945 536 411 

Monthly 
Average 52 47 47 6 2 4 56 22 79 45 34 

if R~unding errors may Lesult in small differences between Tables 4 1 and 4 2 -----



of the total freshwater inflow1l to the Nueces estuary (Table 4-2) 
the 1941 through 1976 period: 

over 

Gaged Inflows, Mission-Aransas Estuary 

Utilizing the two !1'Ost dcMnstream gages, (1) Mission River at - Refugio 
(USGS Gage #081~9500) and (2) Aransas River near- Skid!1'Ore (USGS Gage 
#08189700), the San Antonio-Nueces Coastal Basin has a total gaged drainage 
area of 937 square miles (2,438 km2 ). Gaged contributions of the San 
Antonio-Nueces Coastal Basin to the estuary have averaged 104,000 acre-feet/ 
year (128 million m3/yr) over the period 1941 through 1976. A breakdown of 
average !1'Onthly -inflows over the period is shown in Table 4-3. Gaged yield 
from the San-Antonio-Nueces Coastal Basin (1941-1976) has averaged 111 acre
feet per square mile (528 m3 jha) • Gaged San Antonio-Nueces Coastal, Basin 
inflows accounted for 27 percent of the combined inflow and 14 percent ,of the 
total freshwater inflow to the Mission-Aransas estuary (Table 4-4) over the 
1941 through' 1976 period •. 

_Ungaged Runoff Contributions 

Ungaged drainage areas contributory to the Nueces estuary include 697 
square miles (1,813km2 )11 in the Nueces River Basin, the - San 
Antonio-Nueces Coastal Basin, and the Nueces-Rio Grande Coastal Basin. 
ungaged drainage areas contributory to the Mission-Aransas estuary include 

-1 ,676 square miles (4,362 km2 )11 in the San Antonio-Nueces Coastal 
-Basin. To facilitate the study of inflow contributions, the ungaged drainaqe 
area immediately contributing to the Nueces estuary was divided into seven 
subbasins (Figure 4-1) and the ungaged drainage area immediately contributing 
to the Mission-Aransas estuary was divided into 16 subbasins (Figure 4-2). 
using a Thiessen network (348), the weighted daily precipitation was deter-

_ mined for each subbasin (Table 4-5). A water yield m:xlel which uses daily 
precipitation, Soil Conservation Service average curye numbers, and soil 
depletion index (Beta) to predict runoff from small watersheds was calibrated 
with two gaged subbasins located within the contributing drainage area and 
adjacent drainage areas (338). Statistical correlations between annual and 
monthly gaged and simulated runoff were used to determine the - "goodness of 
fit" of the calibration procedure. The calibrated m:xlel was then applied to 

- the ungaged runoff (Table 4-5 and Table 4-6). 

During 'the period 1941 through 1976, ungaged runoff to the Nueces estuary 
averagea1l 78,000 acre-feet/year (96 million m3/yr) and runoff yield 
averaged 1 12 acre-feet/mi 2 (534 m3 jha) • Ungaged inflow accounted for _ 11 
percent of the combined inflow- and eight percent of the total freshwater
inflow to the Nueces estuary (Table 4-2) over the 1941 throuqh 1976 period. 
During the same period, ungaged runoff to the Mission-Aransas estuary 

y 
y 
y 

if 

Total freshwater inflow = (combined inflow) + (direct precipitation on the 
-.estuary) 
with the installation of one coastal gage in 1972, the ungaged drainage 
area decreased to 607 square mi les (1,580 km2 ) 

. Wi th the installation of two coastal gages in 1970, the ungaged drainage 
area decreased to 1,460 square miles (3,799 km2) 
Ungaged drainage area held constant at 697 sq. mi. (1,813 km2 ) 
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Table 4-2. ~~nual Freshwater Inflow EI, I~eces Estuary, 1941-1976 Q/ 

Gaged 
Year :' Hueces 

FleM c/ 
19Ltl 133S 
1\}4? 1275 
19<+3 204 
}C~44 7~2 

19.45 485 
1946 13Gb 
1947 323 
1948 138 
1949 9ub 

19'50 204 
19~1 '-l213 
l Q 52 161 
1953 637 
195'-l. 24.5 
1955 129 
1 q 5 6 
1957 
19::'8 
1959 
196 C 
19 b 1 
19b 2' 
1 Gb:3 

19!J/i 
19 b 5 
1966 
1967 
19b8 
1969 

197 !J 
1<;071 
1972 
1973 
1°74 
1975 
197 9 

13b 
1546 
1'11 2 

416 
455 
319 

7b 
82 

277 
369 
33 I 

1502 
672 
249 
35 ',l 

2537 
298 

1 ,j 4 3 
39 I 
373 
927 

Gaged 
Nueces 
InflCM c/ 

1322 
1261 
1~9 

722 
462 

1282 
294 
II I 
876 
168 
391 
121 
59? 
193 

79 
83 

1493 
135' 

365 
400 
26.3 

10 
12 

208 
303 
265 

1729 
602 
166 
28 I 

24 'j5 
215 
9bCl 

307. 
295 
856 

Total 
Gaged 
InflCM 

1522 
1 2 & 1 

189 
'122 

462 
1282 

294 
II I 
076 
166 
391 
12 I 
S92 
193 

79 
E 3 

1493 
1358 

S& 5 
4CO 
263 

10 
I 2 

205 
:)03 
265 

1729 
002 
166 
2hl 

2455 
21 5 
960 
302 
29 ::, 

656 

Ungaged . Return 
InflCM Flows 
3 ;:: 1 9 

99 IJ 
21 1 U 
;:'9 12 
40 1'-l 
07 1 4 

1 (;6 1 5 
14G t 4 

b 1 1 5 
1 15 17 

be. 10 
52 1 <; 

139 22 
10 23 
lt3 25 
74 

9 
I 16 

3D 
1 28 
5' 
n 
o 

4 I 
3 ULI 

/:i? 

25 
0 4 

2 :,13 
33 

1 55 
8 

38 
to 

27 
27 
20 
2b 
27 
27 
32 
33 
32 
33 
44 
4b 

43 
5 I 
47 
SI 
52 
5U 
53 
53 
52 

Div~rsions 'EI 

16 
I 4 ' 

15 
20 
26 
24 
29 
28 
30 
36 
38 
40 
47 
51 
50 
54 
53 
S4 
53 
55 
56 
&b 
7G 
70 
,6b 

6b 
73 
70 
83 
84 
52 
83 
85 
89 

" 85 

Cotnbineo 
Inflow 

1652 
13 7J, 

2 2J • 
763 
516 

13 R 3 
415 
2bS 
952 
3JG 
489 
192 
753 
220 
147 
184 

1529 
1 S'JO 

421 
555 
343 

42 
45 

241 
337 
350 

2079 

727 
242 
392 

2744 
300 

1165 
342 
378 
988 

:' Total 
Precipitation Freshwater 

Inflow 
42:] 2072 
301 1671 
252 472 
243 1006 
2~7 763 
305 1688 
306 721 
20b 471 
277 1229 
-142 442 
247 736 
194 386 
221 97L1 
ILIa 372 
200 347 
199 
iSS 
389 
352 
400 
243 
142 
134 
199 
230 
274 
35 I 
398 
215 
361 
337 
333 
398 
223 
23G 
359 

383 
1785 
1889 

713 
961 
586 
I 84 
179 
440 
567 
&24 

2430 
1107 

457 
753 

3081 
033 

1563 
570 
608 

1341 

Bay 
Evap:n:'ation 

Losses 
431 
438 
512 
448 
512 
449 
469 
512 
447 
521 
540 
521 
513 
540 
715 
649 
587 
557 
521 
512 
484 
588 
517 
SoD 
567 
494 
005 
593 
604 
557 
604 
558 
54 J 
574 
559 
553 

Freshwater 
Inflow 

Balance 
16 tq 
1233 

-40 
558 
251 

1239 
252 
-41 
782 
-19 
19b 

-135 
461 

-168 
-368 
-266 
1198 
1332 

252 
449 
102 

-4 04 
-398 
-120 

o 
130 

1825 
514 

-147 
190 

2477 
75 

1020 
-4 
49 

794 
-------- ----- ------ ---------- -- - - --- -- --- --- -------- ---- --- _._---- ------- ----- -------- -- --------------------------- --------

TOTAL 22594 20684 Z06B4 

AVERAGE 628 575 575 
MIDIAN 382 302 302 
PERCENr 66.0 60,4 60.4 
PERCENr 92,1 84.3 84.3 
a/ Uni ts are thousands 'o'f acre-teet 

+ 
+ 

281= 

78 
57 

8.2 + 
11.4 + 

1069 

30 
30 

3.0 
4,3 

b/ Rounding erros may result in small differences between Tables 
51 Nueces Inflow = (Gaged Nueces Flow) - (Diversions) 

1943 

54 
, 54 

(5.7) 
(8,0) 

4-1 and 4-2 

245'-l7 

682 
403 

'71.6 
100,0 

+ 

972 J 

270 
249 

28,4 
39.6 

3L1 2 70 

952 
728 

100.0 

194}4 

539 
541 

56.6 

14856 

413 
196 



Table 4-3. Monthly Freshwater Inflow, Mission-Aransa~ Estuary, 1941-1976 31 
-------------- ---- ------ --Gaged ~~~Gaged~~----.y;ofa:l' 

, . Total Bay : Freshwater 
Month Mission: Aransas: Gaged Ungaged :Return :Diversions:Cornbined:Precipitation:Freshwater:Evaporation: InflCM 

Flow : InflCM : InflCM InflCM :FlCMs : InflCM ~on Bay InflCM Losses Balance 
Thousands of Acre-Feet 

Average over .all Years 
January, 1 0 2 5 0 0 8 18 26 26 0 

" 
February 4 6 14 0 0 21 21 42 26 16 

March 0 2 2 0 0 4 14 19 33 -14 

April 4 5 15 0 0 21 23 45 38 6 

May 12 3 15 39· 0 0' 55 34 89 48 41 

June 7 9 28 0 0 39 31 70 59 11 

July 6 2 8 21 0 0 31 21 53 71 -17 

~ August 3 0 4 17 0 0 23 37 60 75 -14 
U1 

September 23 8 31 70 0 0 102 54 156 60 96 

October 11 12 41 0 0 54 35 89 52 37 

November 0 2 5 0 0 7 20 27 40 -12 

December 3 0 3 12 0 0 16 20 36 31 5 

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

Totals 76' 17 99 269 0 0 381 328 712 559 155 

Monthly 
Average 6 8 22 0 0 32 27 59 47 13 

31 Rounding errors may result in small differe'nces tetween Tables 4-3'an(C4~'::4. 
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Table 4-4. Annual Freshwater Inflow BI, Mission-Aransas Estuary, 1941-1976Q! 

------------------------------------------------------------------------------------------------------------------------
.GAGlD .GAGEG .TcTAL • TOTAL . BAy .FRESHWATER 

YlA~ .MIS~IO.ARA~SA.GtG[D .UNGAGED.RETURN.OIVERSIONS.tOMBINlD.PRECIPITATION.FRESH~ATER.EVAPORATION. INFLOw 
.1NFlO~.INFlO~.I~FlO~.lNFlO~ • FLO~S. • INFlO~. ON BAY INFLO~ LOSSES. BALANCE 

TOTAL 

1 9 4 1 
It;.42 
194 j 
1944 
1 '14 5 
1946 
1947 
}948 

1 '149 
195u 
1'" S 1 
1'152 
1'1S3 
1 <'i ~ 4 

1 "'S 5 
lc,:S6 
1 '15 7 
1~S8 

1959 
1960 
1<;'61 
1 'Yo 2 
19{d 
1961.1 
1<;65 
1966 
1967 
1908 
1'109 
1970 
1971 
1972 
1973 
1 974 
1975 
1976 

1 tl 
2(;6 

3 I 
45 
34 
73 
47 

4 

24 
C 

20 
73 
40 

1 
1 
7 

74 
11 b 

"' 145 
45 
3[.; 

3 
b 

37 
b6 

375 
1L7 

6e 
54 

30b 
144 
287 

&& 
3[; 

204 

3C2U 

60 
59 

" 3 
L 
S 

12 

" 8 
G 
C 

29 
(J 

o 
c 

" 35 
('t:. 

3 
14 
II 

3 
L 
G 
9 

20 ,,9 
15 
II 
11 
92 
27 
56 
40 

24 

730 

221 
;:6~ 

35 
46 
34 
El 
59 

4 

32 
o 

26 
lC2 

4(.; 

1 
I 
7 

109 
144 

47 
159 

56 
33 

J 
E 

4b 
lC6 
,,24 
122 

71 
65 

39b 
I 7 I 
34.:i 
12b 

31 
~26 

375G 

633 
SuI 

42 
&8 

156 
345 

49 
59 

148 
5 

105 
1 b 5 
217 

82 
S 3 
15 

252 
l.I6U 
230 
823 
256 

1 5 
2 

04 
55 

328 
1005 

579 
174 

293 
7l.1 U 
3b3 
711 
309 

35 
l.I24 

99,d 

o 
c 
u 
u 
[) 

C 

" " o 

" J 
U 
J 
c 
U 
7 
7 
7 
9 
9 
9 
9 

I I 
I 1 
I I 
II 
1 I 
I 3 
I 3 
14 
14 
14 
14 
14 
11 
13 

232 

o 
o 
o 
a 
o 
u 
o 
G 
a 
u 
o 
a 
c 
o 
G 
u 
a 
o 
u 
c 
o 
o 
o 
u 
u 
o 
o 
u 
u 
a 
o 
o 
u 
o 
u 
u 

o 

054 
760 

77 
136 
190 
42b 
106 

63 
180 

5 
133 
2 B 7 
257 

e3 
54 
29 

368 
631 
286 
991 
321 

57 
16 

103 
1 1 Z 
445 

1540 
714 
258 
372 

1 1 52 
54 b 

10b6 
531 

77 
665 

13<iC3 

AVt)<AGt. c4 2iJ 104 276 6 G :)86 
K[DIAt. 46 Ie 57 2iJl Co U 27£ 
PERlENT 11.'1 + 2.8 14.5 + 38.:' +.<J .0 53.b + 
P(Kc.[r~T 21.0 + 5.2 27.u + 71.6 + 1.0 .U 10G.G-
a} Units aLe thousands-oaf acre-feet. 
~ Rounding erDDS may result in small differences between Tables 4-3 and 4-4. 

472 
406 
265 
346 
337 
450 
292 
285 
389 
156 
297 

_278 
3 17 
205 
225 
;:: 12 
376 
433 
432 
559 
348 
264 
199 
265 
3 [8 
3 ?5 
481 
Lj H8 
373 
409 
422 
4 07 
495 
443 

G 
a 

1 1959 

332 
3 4 1 

4b • .3 
8 b .. 1 

1326 
1 1 72 

342 
482 
527 
876 
4 00 
348 
569 
I 6 1 
430 
565 
574 
2e8 
274 
241 
744 

106Lj 
71e 

1550 
669 
321 

. 215 
368 
420 
770 

2021 
12 02 

631 
781 

1574 
955 

1563 
974 

77 
665 

25862 

718 
602 

10U.O 

457 
.. 4b 

543 
476 
533 
487 
506 
534 
503 
571 
581 
580 
5,,3 
b 20 
742 
705 
600 
467 
599 
582 
542 
667 
627 
600 
560 
515 
609 
SOb 
630 
591 
b03 
524 
530 
582 
565 
554 

20300 

5&4 
562 

78.6 

869 
724 

-201 
6 

-6 
389 

-lOb 
-lab 

66 
-~ 1 0 
-151 

-15 
21 

-340 
-463 
-464 

144 
597 
II 9 
968 
127 

-346 
-Lj12 
-232 
-l40 

255 
1412 

b96 

190 
971 
431 

1033 
392 

-488 
III 

5562 

154 
43 



EXPLANATION 

• 08ZIIOOO U.S.G.S. Streamflow Gage 

• 08211520 U.S.G.S. Gage Installed After Study Had Begun (1972) 

o 10 20 Miles 
~ Ungaged Area 

o 10 20 Kilometers 220 I I Subbasin Number (see Table 4-5) 

Figure 4-1. Ungaged Areas Contributing to Nueces Estuary 
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o 

o 

10 20 Miles 

10 20 Kilometers 

EXPLANATION 

• OSIS'HOO U.S.G.S. Streamflow Gage 

O~169200 V.S.G.S. Gage Installed After Study Had Begun (1972) 

#~ Ungaged Area 

20100 Subbasin Number (see Table 4-6) 

Figure 4-2_ .Ungaged Areas Contributing to Mission-Aransas Estuary 
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Table 4-5. Runoff from ungaged Areas, Nueces Estuary 

Weighted : Average Curve: Expla1ned variatioll 

Drainage Average : : 
Precipitation :~wnber.sl: (%) Gaged 

Subbasin Description Area NWS ~ Weight Q/: Ruooff:: USGS Penod 

(mi2) Station Factor ac-ft/mi 2 : Beta X10-631 : Ann~al MOn~hlY Station of 
No. (1941-1976) <y' r r No. Record 

---------
20005 Portland 133 0302 .25 67 56/121 . 1 

2015 .75 

21010 CalaHen 290 0144 .06 74 55/126.3 
2015 .03 
7677 .53 
8354 .38 

22010 Gso Above 90.3 2015 .60 183 72.9/60.5 .99 .93 08211520 9/72-
PM 763 7677.35 

1651 .05 

22011 Gso Below 100 1651 .84 76 56/117.1 
FM763 2015 .16 

~ 22012 Nueces River 24.5 2015 .80 143 70/64.1 
I Urban 7677.20 
~ 1941-1951 

22012 Nueces River 24.5 2015 .80 216 71/56.8 
urban 7677.20 
1951-1960 

22012 Nueces River 24.5 2015 .80 286 72.5/55.8 
urban 7677.20 
1961-1976 

22013 Tule Lake 5.9 2015 1.00 186 71/59.3 
Urban 

.. 1941-1950 

22013 Tule Lake 5.9 2015 1.00 322 75/47.0 
Urban 
1951-1960 

See next page for footnotes 



Table 4-5. Runoff from Ungaged Areas, Nueces Estuary (cont'd) 

Subbasin Description 
Drainage 

Area 
(mi2) 

Weighted 
'precipi tation 

NWS!'! 
Station 

No. 

Weight E/: 
Factor 

Average 
Runoff 

ac-ft/mi 2 

(1941-1976) 

: Average Curve : 

:~umbery : · . · . · . · . 
-6 : Beta .10 d/ : 

.y: -

Explained Va-riation 
(%) Gaged 

------------~------Perioo 

Annual 
2 

r 

Monthly 

i 
Station 

No. 
of 

Record 

---------------, ------:------------~------------~---------------:------------------------~---------~-----------~---------------------
22013 

22014 

22014 

22014 

H 

'f 

Tule LakE~ 
Urban 
1961-1976 

Cayo Del Oso 
Urban 
1941-1950 

Cayo· Del Oso 
Urban 
1951-1960 

Cayo Del Oso 
Urban 
1961-1976 

5.9 

53.1 

53.1 

53.1 

2015 1.00 390 78/44.9 

2015 1.00 183 71/60.7 

2015 1.00 326 75/47.0 

2015 1.00 371 76.5/47.7 

~ a:;- National Weather Service --------------------------------------------------
b/ Percentage of area of influence expressed as a factor (348) 
c/ An assigned parameter for a particular hydrologic soil-cover complex (338) 
d/ Soil rroisture depletion o::>efficient (338) 
""§I Unless otherwise noted 



Table 4-6. Runoff from Ungageq Areas, Mission-Aransas Estuary 

Weighted Average Curve Explained variation 
Precipitation 

~~ 
(%) Gaged 

.. Drainage Average 
subbasin Description Area NWS. EI Weight y: Runoff USGS Period. 

(mi2) • Station ac-ft/mi2 -6 Annual Monthly Station Factor Beta x10 31' : 2 2 of 
No. (1941-1976) r r . No. Record 

----
20010 Intervening coastal 165 9559 .10 ·187 64/89.7 

.Area 7704 .45 
0302 .45 

20020 Chiltipin Creek 108 9559 
. . Belo.v Sinton 

1.00 263 56/125.4 

20030 Chiltipin Creek 128 5661 .38 187 69/79.3 .93 .92 08189800 7/70-
AOOve Sinton 9559 .47 

7677 .15 

200~0 Intervening Coastal 24 9559 1.00 64/84.4 
Area 

H. 20050 Aransas River 372 0639 .22 92 59/104.9 

"f Belo.v SkidJrore 5661 .33 
9559 .39 
7529 .06 

20060 Aransas River 247 0639 .BO 81 60/106.0 .90 .89 08189700 3/64-
AtOve Skidoore 5661 .20 

20070 Mission River 169 7529 .66 157 63/96.6 
Belo.v ~efugio 9559 .34 

20080 Mission River 386 3618 .30 142 73/74.8 .92 .95 08189500 7/39~ 

AOOye Refugio 7529 .31 
0639 .39 

20090 Medio Creek 204 0639 1.00 90 58/104.'1 .• 55 .57 08189300 3/62-
Near Beeville 

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

See next page for footnotes. (continued ) 
., 

, 



Table 4-6. Runoff from Ungaged Areas, Mission-Aransas Estuary (cont'd) 

------------: -------:----weTghted"-----:-----------Average Curve Explained variation -------------

Precipitation . ___ : ~umber.sl: (%) : Gaged 
Drainage Average : : 

Subbasin Description Area l'MS y WeightE/: Runoff :--------:------, -:-USGS---:Penod 

( .2. I .2 -6 / Annual Monthly . 
m~ ) Station Factor ac-ft m~ Beta xlO ~: 2: 2 : Station: of 

No. (1941-1976) r r No. Record . .. . . . 
. _-------,------------------------------------------------------------------
20100 Melon Creek 156 3618 .24 260 70/75.8 

7529 .76 

20110 Intervening Coastal 37 7704 .62 168 64/93.0 
Area 7529 .38 

20120 Copano Creek BelCM 48.2 7529 .87 156 62/103.7 
Refugio 7704 .02 

3618 .11 

20125 Copano Creek Above 87.8 3618 .45 385 73/77.7 .50 .74 08189200 6/70-P 
Refugio 7529 .55 

20130 Intervening Coastal 23.4 7704 1.00 171 62/99.5 
H Area 
1 
tv 20140 Cavasso Creek 34.7 0437 .41 170 64/97.2 

7529 .39 
7704 .20 

20150 Intervening Coastal 10.8 0437 1.00 194 62/107.0 
Area 

20160 Salt Creek 54.1 0437 .35 305 72/71.4 
7529 .65 

20170 Intervening Coastal 1.97 0437 1.00 152 62/107.0 
Area 

20180 Artesian Creek 80.2 0437 .83 197 64/97.8 
7529 .17 

20190 Burgentine Creek 176.1 0437 1.00 223 64/98.0 

a;NaITonalWeaEher Service-----------,---------------------------------------

5/ Percentage of area of influence expressed as a factor (348) 
c/ An assigned parameter for a particular hydrologic soil-cover complex (338) 
if Soil moisture depletion coefficient (338) 



qyerageq1l. 2?~,ORP acre-feet/year (3~0 ~i+l~o~ ~3/Yr) ~nq ~nPff y~~+q 
averaged 165 acre-feet/mi 2 (786 m3/ha). U!19aged i'n'flCM acrounted for, .'12 
percent of the rombined infloW and 38 percent of the' totai f~siiwater' {nflo;,; 
tq th~ m~pion-A~ansas e!>t~arY (T~~le· ~-4)' oyer 'fu~'f9.4·r ilim~~h"j~7f~rJ:~r;" 

u~aged Return FICMs 

, Return q~:> from IT!Jn;ci~liti~!> ,C!I1q in9lJ~tr!~~ witht~ th~ lI!19f3:geq s\ltr
q!,!SlI1S were el'ltl~ted from data P)X>V!!'led h¥ tlJe 1'elt~~ P~~rtmen~ ~f W!!t~r 
Resour~es ~~) !>elf:"'report~m sy:'!tem: Irt~g!!ti8n ~t\lp1' f:!:9\'!§ ~n ll!19i'!9~ 
ar~!'Il'l wep" ~~lclJl?lted lJ~i!'1g ag~!lcY q!'lt~ p::>pe~t:~~ i~ r!<:.'e ;rr~gat~()n ~t~rn 
fl~ st~te~ m9. r, ~W ~ M~r?lge ~tlJrn n~§ 8Ve.r l:h§ ,1 94.1 "th'i9Bgh 1 n§ 
perlcxl were approXlmately 29,000 acre-feet ~r year (313 mllllOn 1It:') for the 
NlJece!> , estuary !oirid""6,8po 'a:cre-teet perye!!F "(8d "'ri1~i~~q~"m3'i 'fqr' the 
Mission-Aransas ~stlJaFY' El'lti!ll-3ted lln9!!geq' ~tlJrn q0.'{~ ?lPP::>lJnteq fqr fq8F 
Per~!lt of the rom,bi'1ed ~lln~ and thre~ perce'1t Rf the tqta1 f~1lhwflt!"r 
~'1P~ to !:he Nueces el'lt:\lQry (T?b:!.e 4-7) qvef l:h~ 19.41 th~\lgl1 1 ~7§ peri8.d, end, 
1 ,~ percent: qt the comt>il1¢d i'1flCM i;lP9 9, 9. per~f1t pf !:h~ \Bt:c!+ trep.hwf\t:~F. 
inflCM to the Mission-Aransas estuary (Table 4~4). . - ,. . , . . ... ,: ,.' -. .... ~ 

<::ombined InflCM 

f. c?ltegory C?llled ~rn!?tned ~nP9\'l \'ffi~ ql:>~if1ed '?Y eggreg?lt:!ng g!'lg~ 
estuary inflCM "rontributions, u!19aged runoff, and estiniated·' ungaged'· return 
f~o.;,s~· oV.erthe period' i 941 thwlJ<ih' ]9'76' coffibined tf)nc?d,s ~yerq~~ ~~~; 90.9 
acre-feet: per yepr (8~0 )1li~tqn 'TI3/yr) for the NlJe~~ e~W?FY ne8J..~ 4-~) !;!'1~ 
3~6,QPO ?lcre-f~t per Yeqr (1~O' 'TIil:).ion m3/Yr) fqr th~ M!S§!8n7~FRn§P.~ 
estlJflry ('rC!l:>le 4-4); <::oinI:>tI1ed, if)nCY::! acroun\:ed #?r 72 ~~~~!')1: RF ttl!" tq!:a~ 
tr!"shwc!t:e~ infl~ to the NlJepefj efjtu,!FY oy~r th!" 1911 thm1.l9h 1978 ~r~~ ~q 
5A percent to the Mission-Aransas estuary. Combined inflCMs for the Nueces 
,an.d Mission-Ara~as estlJ?l!:ies ·qur~r:g 0i.s' per~Oc::I '!'Ire illustrated i'1' f'{gures 
4-:3 <iOO A-4. Average rronthly distriblJt~ons pf cnI]1bineq inQO!'i are S!1~n fop 
the Nuecefj anq Mission-Ar~nsas estyaries in fig~p" A-5 anq Fi9Hpe 47~r 
respecttve~y. . 

pre~i?itation on the EstuaI}' 

pirec): precipitation on the 1Q9,795 acre (.44,451 hp) fjurfqce ,!r~!,! qf 
Nueces estuary and 114,310 acres (46 ~ 279 ha) surface area of the Mission.,. 
Ar~~as estu,!rY· was calclJlqted' YS~)1g .. Th~es'~~n~etg)1tecj ppec~pi t~t:~i:?f) 
techniques (378, 3A8), Over the 1941' throug)1 1~7~ Per!~,' C!I1!1uR~ meflf) 
pre~ipit:ation anpuf)ted to 270,pOO acr~-feet: ~(y~q;- q3p mi:j.l'ioll )ii3/YF) Fqr 
1:1}~ J'luec~s ,estu.ary ,and 332,000 qcre-f~t' (4 19 ~H:).i9l) m3/yp) fqp' the 
Mission-Arans<is estu.ary. Direct precipitation !'!cC9untei'j fp!, 2~ ~r<.:!"nt pf th~ 
total freshwater inflCM to the Nueces estuary (Table 4::-2) and 46 percent pt 
the total freshwater inflCM to the Mission-Arans'a's"e~tu·ary' (Table"4-~)·"."·~ "-'" . ' ,- - .. . ' , ..... . ., ~, <.. . - .. ' ' , . 
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Figure 4-3. Combined Monthly Inflow to the Nueces' Estuary, 1941-1976 . 
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Total Freshwater Inflow 

Total freshwater. 'inflow includes gaged estuary. inflow rontributions, 
ungaged runoff, return flows from ungaged areas and direct precipitation 00 

the estuary. For the 1941 through 1976 period, average annual freshwater 
inflow anourited to 952,000 acre-feet (1,170 million ffi3) for the Nueces 
estuary and ·718,000 acre-feet (890 million m3 ) for the Mission-Aransas 
estuary. Average llOnthly distributions of total freshwater inflow are shown 
in Figure 4-7 and Figure 4-8. 

Bay Evaporation Losses 

Gross surface evaporation rates for the estuary were calculated from 
Texas Department of Water Resources pan evaporation data (340). Since the 
reduction in evaporation 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 109,795 acres Nueces estuary surface averaged 539,000 
acre-feet per year (670 million m3/yr)' and over the 114,310 acre Mission~ 
Aransas estuary surface averaged 564,000 acre-feet per year (700 million 
m3/yr). When rompared to total freshwater inflow, surface evaporation for 
the Nueces estuary was about 57 percent of total inflow over the 1941 through' 
1976 period and 79 percent for the Mission-Aransas estuary. . 

Freshwater Inflow Balance 

A freshwater inflow balance for the period 1941 through 1976 is shown in 
Table 4-2 and Table 4-4. A negative number in some years indicates evapora
tion exceeding total freshwater inflow (during periods of extreme drought); 
For the 1941 through 1976 period, the mean freshwater inflow balance anounted 
to 413,000 acre-feet per year (510 million m31:r) for the Nueces estuary and 
154,000 acre-feet per year (190 million m /yr) for the Mission-Aransas 
estuary. 

variations in Inflow Components through Drought and Flood Cycles 

Although previous paragraphs have described the romponents of freshwater 
inflow in terms of annual and llOnthly. average values over the 1941 through 
1976 period, there have been wide variations from the mean as a result of 
recurrent dr:ought and flood ronditions. Monthly romponent near limit proba
bilities are shown in Table 4-7 and Table 4-8. The "50%" rolumn for each 
component inflow represents a 50 percent probability of exceedance value for 
that component. These values can be rompared·to average values given 'in Table 
4-1 and Table 4-3. Columns marked "10%" (probability of exceedance) indicate 
component values for wet year ronditions, one year in ten. Columns marked 
"90%" (probability of exceedance) indicate romponent values for drought rondi
tions, one year in ten. Further illustration of near limit probabilities' are 
provided in Figures 4-7 and 4-8 for· rombined inflow and total freshwater 
inflow, respectively. 
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Figure 4-7. Monthly Distribution of Total Freshwater Inflow,' Nueces Estuary, 1941-1976 
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Table 4-7. Monthly Inflcws to the Nueces Estuary for CorresfXJnding Exceedance Frequencies a, bl 

. Month 
Gaged Nueces 
Basin Inflcw 

Gaged Nueces 
InflCM 

Total Gaged 
Inflow 

Ungaged 
. Inflcw 

Combined 
Inflow 

Precipitation 
on Bay 

Total 
Freshwater 

InflCM 

Bay 
EvafXJration 

Losses 

~--so%-90%--,--,-o% S6%----gO% 10% 50% 90% 10% 50%90%: 10% 50% 90% 10% 50% 90% -'0% 50% 90% 10% 50% 90% 

January 

February 

March 

April 

May 

JUne 

July 

August 

September 

October 

November 

December. 

30 

34 

35 

36 

230 

186 

108 

49 

6 

7 

8 

8 

28 

30 

20 

12 

286 28 

267. 33 

61 

24 

12 

7 

2 

2 

2 

27 

35 

36 

31 

3 329 

5 250 

4 128 

3 45 

2 

12 

17 

8 

4 

3 369 14 

,4 330 . 21 

3 

-2 

65 

23 

6 

2 

a/ units -ai:eTI1ousands o(-acre-reet 

a 

o 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

27 

35 

36 

31· 

329 

250 

128 

45 

369 

330 

65 

23 

2 

12 

17 

8 

.4 

14 

21 

6 

2 

a 

o 

a 

a 

a 

a 

a 

a 

o 

a 

o 

a 

5 

12 

2 

11· 

22 

20 

23 

21 

52 

32 

4 

6 

a a 31 

o a 40 

a a 

a . a 

33 

42 

2 

2 

a 

4 

2 

a 

a 

a 255 

a 213 

a 129 

a 67 

a 369 

a . 313 

a 63 

a 27 

5 

6 

7 

7 

27 

31 

17 

13 

32 

34 

10 

6 

2 

3 

4 

3 

3 

35 

44 

26 

54 

74 

69 

S6 

82 

3 103 

4 73 

2 37 

38 

8 

11 

6 

10 

21 

15 

11 

18 

35 

18 

9 

8 

2 

2 

69 

82 

59 

96 

5 314 

3 256 

a 186 

4 135 

12 422 

2 389 

2 93 

58 

15 4 32 23 17 

20 5 32 24 18 

15 4 . 40 32 25 

37 30 20 4 45 

61 12 57 46 38 

57 12 71 . 56 44 

33 6 89 70 55 

38 11 90 72 58 

96 23 70 58 47 

61 9 62 .50,38 

25 7 48 36 28 

17 5 .37 27 20 

b/ Exceedance frequenci'es indicate the probability that the rorresponding nnnthly inflow will be exceeded during the given rronth - . 
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Table 4-8. Monthly Inflows'to the Mission-Aransas Estuary for Corresponding Exceedance Frequencies a, bl 

Month 
Gaged Mission 
Basin InflCM 

Gaged Aransas cl 
Basin InflCM -

'[I)tal Gaged 
Inflow 

Ungaged 
Inflow 

Combined 
Inflow 

Precipi tation 
on Bay 

Total 
Freshwater 

Inflcw 

Bay 
Evaporation 

Losses 

10% 50% 90% 10% 50% .90% 10% -50-%~-9(j% 10%--5-0-%- - 90% 10% 50~ 90% 10% 50% 90% 10% 50%--97f%-~--50%--gO% 

January 

Februa1Y 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

4 

11 

5 

14 

32 

19 

13 

8 

45 

31 

5 

7 

4 

2 

o 

2 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

3 

o 

4 

10 

4 

4 

2 

15 

5 

o 

o 

al unffS-ire thousands()[-acre-feet 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

5 

12 

5 

16 

41 

22 

16 

10 

57 

34 

5 

7 

o 

o 

o 

l' o 

4 o 

2 o 

o o 

o 

3 o 

o 

o 

o 

10 

30 

8 

41 

115 

82 

53 

41 

179' 

130 

12 

22 

o 

o 

o 

8 

4 

o 

2 

9 

5 

o 

o 

o 14 

o .40 

o 12 

o 47 

o 145 

o 

o 

o 

95 

60. 

49 

o 236 

o 150 

o 17 

o 26 

2 

3 

3 

4 

13 

7 

4 

5 

14 

8 

2 

2 

o 

o 

o 

o 

o 

o 

o 

41 

60 

36 

60 

78 

83 

67 

91 

o 119 

o 

o 

o 

85. 

49 

50 

14 4 56 

15 3 102 

9 2 50 

16 4 111 

29 10 212 

21 5 176 

15 3 131 

29 8 161. 

44 16 328 

28 7 247 

16 5 66 

15 5 78 

16 5 ·33 

21 4 

12 3 

22 5 

49 12 

31 

21 

35. 

6 

3 

7 

69, 15 

41 5 

19 5 

19 5 

33 

43 

48 

60 

73 

88 

93 

74' 

65 

52 

40 

bl Exceedance frequencies indicate the probability that the corresponding monthly inflow will be exceeded during the given month 
c/' Aransas Basin Gaged (247 sq. mi.) 1965-1976 . 
- Aransas Basin Simulated (247 sq. mi.) 1941-1964 

26 20 

25 20 

33 26 

38 30 

48 38 

58 47 

71 55 

74. 59 

60 48 

53 41, 

40 30 

31 23 



Quality of Gaged Inflows, Nueoes Estuary 

TWo USGS gaging stations rronitor the quality of inflows to the Nueoes 
estuary: Station No. 08211000 (Nueoes River near Mathis) and Station No. 
08211520 (Oso Creek at Corpus Christi). The range of water quality ?arameters 
that were experienced in the 1977 water year are tabulated in Figure 4-9. 
During the period, seven to nine samples were available for rrost parameters, 
although nutrient data were lacking at the Nueces River station. 

Student's t-tests were performed on the data to determine if any statis
tical difference was evident between the sample means for the two gaging 
stations. The difference between the mean values for each parameter are not 
statistically significant; however, highly significant statistical differences 
between the individual parameter means (C! = 0.01) occur for calcium; mag
nesium, sodium, sulfate, dissolved solids, and chloride. As a result, concen
trations of calcium, magnesium, sodium, sulfate, dissolved solids, and 
chloride flowing to the bay from 050 Creek are shown to be higher than those 
found in the Nueces River inflows. Nutrient concentration in Oso Creek, 
particularly nitrate nitrogen and total phosphorus, are high compare(! to 
coastal streams in the Mission-Aransas estuary. These high concentrations may 
be the result of agricultural runoff and/or effluent from the Robstown waste
water treatment plant, a major source of flow in Oso Creek. 

In general, the water quality of flows draining to the Nueoes estuary has 
been good, except for some apparent problems in Oso Creek. No parameters were 
found in violation of Texas stream standards.lI 

Quality of Gaged Inflows, Mission-Aransas Estuary 

Three USGS gaging stations rronitor the quality of inflows to the Mission
Aransas estuary: Station No. 08189200 (Copano Creek near Refugio), Station 
No. 08189500 (Mission River at Refugio), and Station No. 08189800 (Chiltipin 
Creek at Sinton). The range of water quality parameters that were experienced 
in the 1977 water year are tabulated in Figure 4-10. During the oeriod, five 
to nine samples were available for rrost parameters. 

Student' st-tests were performed on the data to determine if any statis
tical difference (two-tailed test) was· evident among the sample means for the 
three gaging stations. The differences between the mean values were not sta
tistically significant; ·however, sample means from the Mission River station 
at Refugio were significantly higher than the other. two stations for dissolved 
silica and bicarbonate, and lower for total phosphorus. No statistically 
significant finding was made, but the Chiltipin Creek station at Sinton 
occasionally experienced very high salt concentrations as evidenced from 
chloride samples that rarigedup to 11,000 mq/l, sodium samples up to 5,600 
mg/l and dissolved solids up to 18,200 mq/l. Although the cause is un
documented, oil field operations in the drainage basin may be at fault. 

In general, the water quality of flows draining to the Mission-Aransas 
estuary has been good except for the problems noted in Chiltipin Creek. No 
parameters were found in violation of Texas stream standards.li 

11 No Texas stream standards exist for Oso Creek at present. 
~ No Texas stream standards exist for Chiltipin Creek at present. 
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Quality of Estuarine Waters 

Nutrient Concentrations in the Nueces and Mission-Aransas Estuaries 

Historical concentrations of carbon, nitrogen, and {tlosphorus in Texas 
estuarine systems are iargely unkl'lCMn. Until 1968, water quality parameters 
in the open bays has, not been rroni tored on a regular long-term basis. A 
regular program of water quality data collection in Texas estuaries was 
initiated by the cooperative efforts of the U. S.- 'Geological Survey and the 
Texas, Department of Water Resources. Manpower and rronetary constraints l'lCM 
limit the number of sites and'frequency of sampling. 

Available data can be used to determine ,general 1968 through 1977 concen
trations of carbon, nitrogen, and phosphorus (CNP) in the Nueces and Mission
Aransas estuaries.' These estuarine systems ,were divided into five major sub
regions for analysis: (1') Nueces Bay, (2) Corpus Christi Bay" (3) Copano Bay, 
(4) Aransas Bay, and (5) Redfish Bay (Figures 4-11 and 4-12). 050 Bay and St. 
Charles Bay were omitted in the ana~ysis due to insufficient data. Likewise, 
only those 5amP,ling ~ocati9ns located away from major population or industrial 
centers in open bay waters were considered, since nutrient concentrations near 
these locales would bias the resultant concentrations from open waters. ' 

Freshwater discharges from the Nueces River and contributions' froin the 
deltaic marshes of the Nueces delta were the major source of nutrients for the 
Nueces and Mission-Aransas estuaries. The Nueces River accounts for 73 per
cent of the mean annual total discharges' into the:Nueces and Mission-Aransas, 
estuaries. The Aransas River, Mission River, Copano Creek, Chiltipin Creek 
and Oso Creek account for 4.4 percent, 10 percent, 4.4 percent, 4.7 percent 
and 3.1 percent of the meanarinual total discharge into' the estuaries, 
respectively. The CNP concentrations in Nueces Bay ,would therefore be 
expected to be greater than the remaining sections of the estuary and to 
exhibit a decreasing gradient from the Nueces delta outward into Nueces and 
Corpus Christi Bays. The CNP data for each of the five subregions were 
tabulated, averaged, and subjected to standard statistical analysis for 
comparison of the means (student's t-test) to determine which subregions, if 
any, consistently exhibited CNP concentrations significantly different from 
others. In addition, the tO,tal nitrogen and total phosphorus data were SLD1l!ned 

-and averaged, respectively, for each of the following seasons: 1} Winter 
(December,- January and February): 2}Spring (March, April and May): 3} Sumner 
(June, July and August) and 4} Fall (September, October and November) to 
arrive at seasonal averages for the year, 1968 ,through, 1977 (Figures 4:"'13' 
through 4-20). ' 

Amrronia nitrogen, nitrite nitrogen, and nitrate nitrogen were sumned for 
each sample station to arrive at total available nitrogen concentrations.' 
Amrronia nitrogen and organic nitrogen were summed' for each sample station to 
arrive at total Kjeldahl nitrogen concentrations. 

Total Kjeldahl nitrogen concentrations ranged from near zero to 2.2 mg/l. 
Student's t-test analysis revealed that concentrations in Nueces Bay were 
significantly higher (95 percent confidence level) than those in the remaining 
SUbregions of the estuaries. 
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Organic, carbon concentrations ranged from near zero to 32.0 mg/1. 
Student's t-test analysis revealed that concentrations in Copano Bay were 
significantly higher '(95 percent confidence level) than those in Aransas Bay. 

Total nitrogen concentrations ranged from zero to 1.0 mg/l; whereas, 
total phosphorus concentrations ranged from 0.0 to 0.65 mg/1. The average 
seasonal concentrations of ni trogen and Plosphorus in Nueces Bay have been 
greater than those 'concentrations ,experienced in Corpus Christi Bay (generally 
less than 0.1 mg/l), resulting in a se'asonal concentration gradient between 
the two bays (Figures 4-13 through 4-20). The average seasonal concentrations 
of nitrogen in Copano Bay were greater than those concentrations in Aransas 
Bay only in the fall and spring. In loth Copano and Aransas Bays, the average 
seasonal phosphorus concentrations were relatively uniform throuqhout the 
year. Student's t-test analysis indicated'that concentrations of both nitro
gen and phosphorus in Nueces Bay were significantly higher (95 percent 
confidence level) than those in the remaining subregions of the Nueces and 
Mission-Aransas estuaries. ' 

Heavy Metals 

The scope of this section is not -intended to be a comprehensive analysis 
of the sources from which heavy metals originate in the area. The purpose is 
to summarize the available data on heavy metals and give the range of, values 
that have been found in recent sampling efforts. 

Samples of the bottom sediments in the Nueces and Mission-Aransas 
estuaries were collected at 23 data collection sites shCMn in Figures 4-11 and 
4-12 for the period of record from 1969 to 1978. Sampling was conducted by 
the USGS and the Texas Department of Water Resources iri cooperation with other 
interested agencies. The heavY metals detected included arsenic (AS), cadmium 
(Cd), cobalt (Co), chromium (Cr), copper (Cu), lead (Pb), manganese (Mn), 
nickel (Ni), zinc (Zn), silverjAg), mercury (Hg), and iron ('Fe). ' 

Statistical analyses were not possible due to the limited number of 
samples for the test period from 1969 to 1978. The range of values for heavy 
metals detected in the Copano; Aransas, Redfish, Corpus' Christi, and Nueces 
Bays are listed in Table 4-9. 

Accumulation of metals in bottom deposits may not be detectable in over
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 changes 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 bottom (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 pose a threat to 
edible shellfish such as oysters and crabs as these organisms' generally con
centrate certain metals in these bodies when feeding in polluted areas. 
Reduction of 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 
bottom sediments in the Nueces and 'Mission-Aransas estuaries may exceed the 
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Table '4-9. Ranges of Concentrations for Metals in Sediment Compared to USEPA (1974) Dredge Criteria ~ 

Station Co~s Christi Bay Nueces Bay Redfish 
Location .!y : 127.2 38.2 108.2 53.2 Bay Dredge 

& USGS 127.6 & & & & Criteria 
Station : 147.2 2481.04 2481.01 2481.05 2484.01 2484.02 53.4 2482.03 2484.03 2483.01 

NLUl1ber: 
Parameter "'- units are rrq/k:q 

-------

Arsenic 3.0 0.6-5.2* 0.07-5.8* 3.5-9.0* 1. 0-60. 0* 0.06.8.5* 5.1* 1.0-52.0* 1.0-7.5* 0.74-7.7* - 5 

Cadmium <10.0* 0.5-25.0* 0.5-9.5* 0.6-0.94 0.06-108* 25-66* 0.4 0.4-22.0* 0.06-36.0* 0.70-14.0* 2 

O1romiLiTI 7.5-25.0 6.0-63.0 26.0-53.0 9.7-91.0 9.3-94.0 1.0-19.0 7.7-36.0 1.6-22.0 100 

Cobalt <10.0 <10.0 <10.0 <10.0 1.8 2.2-<10.0 

Copper <10.0 <10.0 <10.0 <10.0 7.0 2.8-<10.0 50 

Iron 20,000 3600-16000 

1 Lei>l <10.0 1.3-16.0 1.3-23.0 19.0-32.0 0.6-103.3* <10.0-340* 3.5 <0.6-29.0 <0.6-86.8* 6.0-16.0 50 
w 
00 

Manganese 220 100-470 250-770 550-610 180.6-490 65.3-360 230 38-290 100.4-250 98-620 

Mercury 0.26 0.05-0.23 0.02-0.190 0.20-0.21 0.42-4.0* 0.62-8.5* 0.05-1.5* 0.1-1.5* 0.03-0.110 

Nickel 6.0-26 3.0-24.0 19-21 0.2-80.0* 1.5-13.0 1.0-13.0 0.2-12.0 2.0-18.0 50 

Silver 0.2-3.3 0.2-5.0 0,9-1.8 0.2-7.0 0.2-4.5 <0.3-3.0 0.2-1.2 0.2-1.0 

Zinc 100* 25-74 4.3-170* 170-190* 80.0-1600* 290-4900* 150* 33-240* 34-2600* 28.0-75.0* 75 

-----------------avr-:rncludes data from ref. (243) 
~C'Ontinued) b! See Figure 4-11 for station locations -. Denotes at least one sample in violation of EPA's dredge spoil criteria 
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Table 4-9. Ranges of Concentrations for Metals in Sediment Compared to USEPA (1974) Dredge Criteria a/ 
(cont'd) -

Station 
Location b/ 

& USGS -
Station 

Number: 
44.2 

Parameter 

Arsenic 

Cadmium 

Chromium 

Cobalt 

Ccpper 

Iron 

Lead 

Manganese 

Mercury 

Nickel 

Silver 

Zinc 

0-6.0* 

0..,<10.0* 

2.5-<10.0 

4.8-<10.0 

7400.,..15000 

7.5-18.0 

160-270 

0.10-0.20 

28-42 

Copano Bay Aransas Bay 

54.1 

7.0* 

<10.0* 

<10.0 

<10.0 

7/.2- --= -. - - - 14T.2 
& 

2472.01 15 : 
& 

2471.01 

units are m:j/kg 

1.6-6.0* 1.3-3.0 1.0-5.0* 

1.0-<10.0* 0-<10.0* 0.1-48.0* 

2.0-19.0 2.7-19.0 

<10.0 -2.4-<10.0 <10.6 

<10.0 3.8-<10~0 <10.0 

8000':'8300 

<10;0 <10.0-35.0 .3.8-<10.0 1.3-19.0 

310 210-380 90-280 120-430 

0.20 0.02-0.10 0-0.21 0.07-0.28 

5.5-15.0 3.5-2.7 

0.5-<3.0 <0.3-1.3 

20 13-65.0 18-23 12.2-91.0* 

: 115.5 

5.0* 

<10.0* 

<10.0 

<10.0 

<10.0 

270 

0.18 

-- , 

20.0 

Dredge 
Criteria 

5 

2 

100 

50 

50 

1 

1
50 

75 
-;~-I-;~1;d~-d;t;-f;~-~f:(2-43)-----:-----------------------------------------------------------

b/ See Figure 4-12 for station locations * Denotes at least one sample in violation of EPA's dredge spoil criteria 



u.s. EPA criteria for metals in the 
following constitutents (Table 4-9): 
and mercury. 

Pesticides and Herbicides 

sediments (prior to dredging) for the 
arsenic, cadmium, lead, nickel, zinc, 

Samples of the bottan sediments in the Nueces and Mission-Aransas 
estuaries were collected at seven data collection sites shown in Figures 4-11 
and 4-12 for the period from 1971 to 1975 through the USGS-Ti:WR cooperative 
program. The data were analyzed for pesticides and herbicides concentrations. 
(Table 4-10). The parameters detected included aldrin; lindane; ODD; ODE; 
DDT; dieldrin; endrin; heptachlor; heptachlor expoxide; 2,4-0; 2,4,5-T; and 
silvex. Only the pesticides DOD and DDT; and the herbicides 2,4-0; 2,4,5-T; 
and silvex were detected at levels above or equal to the detection limit of 
0.2 g/kg. Statistical analyses were not possible due to the limited number 
of samples available. ' 

Summary 

Sources of freshw?ter inflow to the Nueces and Mission-Aransas estuaries 
include gaged inflows from the contributing rivers and' streams; ungaged run
off; return flows fran municipal,' industrial and agricultural sources; and, 
precipi tat ion ' on the estuary. Measurement of sources of fresrywater 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 corrputerized mathematical 
models using field data for caiibration and verification. Rainfall is 
estimated as a distance-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 to 1976 period varied widely from the mean as a result of recurrent 
drought and flood conditions. The total average freshwater inflow to the 
Nueces and Mission-Aransas estuaries (1941-1976) consisted of gaged contribu
tions, r,unoff from ungaged areas, return flows from ungaged areas, and direct 
precipitation on the estuary. 

In general, the water quality of gaged inflows to the estuaries was good. 
No samples were found in violation of Texas stream standards.lI Detailed 
studies of past water quality problems in and around the estuary have pin
pointed heavy metals as a significant Concern. Locally, bottom sediment 
samples have exceeded EPA criteria for metals in sediments (prior'to dredging) 
for arsenic, cadmium, lead, nickel, mercury and zinc. Bottom sediments 
collected and analyzed showed the pesticides DOD and DDT; and the herbicides 
2,4-0; 2,4,5-T; and silvex occurring in concentrations equal to or greater 
than the detection limit during the period of 1971 to 1975. 

Basic hydrologic data described in Chapter IV is used as input to model
ing studies discussed in ,Chapters V, VI}I and IX. 

Y No Texas stream standards exist for Oso Creek or Chiltipin Creek at pre- , 
sent'. 
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Table 4-10. Range of Pesticide/Herbicide Concentrations in Sediment, Nueces 
and Mission-Aransas Estuaries, 1971-1975 (398) 

Copano Bay Aransas Bay . Nueces Bay 

44.2 34.3 115.5 89.2 53.2 53.4 
. 

Parameter Units are JlS/kg 

DDD 0.2-7.6 3.4 

DDE 2.0-19.0 12.0 0.0~9.4 2.0 

2,4-D <2.6 <2.7 

2,4,5-'1' <0.7 '<0.8 

Silvex <0.7 <0.8 

51 See Figures 4 11 and 4~12 for station locations 
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CHAPI'ER V 

CIRCULATION AND SALINITY 

Introduction 

The estuaries and embayments along the Texas Gulf Coast are characterized 
by large surface areas, shallow depths and irregular I:oundaries. 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 
constricted 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 a significant influence 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 development of 
any COIlPrehensive multi variable , concept applicable to the management of 
estuarine water resources. Physical, chemical, biological and economic 
analyses can be considered only partially complete until interfaced with the 
hydrodynamic and transport characteristics of a given estuarine system. 

The following sections of Chapter V will address the development and 
application of the hydrodynamic and mass transport models used to evaluate the 
circulation and salinity patterns of the Nueces and Mission-Aransas 
estuaries. 

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 economical 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 
cOlTp>nent 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 
cornrron 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 methods are well adapted to discretized systems where the 
transfer functions may be taken to be time independent over short time inter
vals. The development of high-speed digital computers with large meroc>ry 
capacities makes 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 burden 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 budget 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 Nueces and Mission-Aransas estuaries have been developed by Masch (150). 
These models are designed to simulate the tidal and circulation patterns and 
salinity distributions in a shallow, irregular, non-stratified estuary. The 
two models are sequential (Figure 5-1) in that the tidal hydrodynamic model 
computes temporal histories of tidal amplitudes and flows. 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 trans
port model ordinarily cannot be operated unless the tidally generated con
vective 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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. , DATA INPUT , 
GEOMETRY, BATHYMETRY, 
INPUT TIDES, DEPTHS, HYD --
INFLOWS, DIVERSIONS, 
RETURN FLOWS, WIND, TIDAL 

RAINFALL, EVAPORATION, HYDRODYNAMIC 

ROUGHNESS, CORIOLIS MODEL 

ACCELERATION 

I 
BASIC OUTPUT I TIDAL AMPLITUDES 

COMPONENT TIDAL VELOCITIES 

• • • 1 
NET AVERAGE AVERAGE CIRCULATION 

VELOCITIES DEPTHS VELOCITIES PLOTS 

~ 

DISPERSION 
COEFFICIENTS 

DATA INPUT 

SAL SOURCE CONCENTRATIONS 
SOURCE LOCATIONS 

. SALINITY GULF SALINITIES 

MODEL EVAPORATION RATES 
RAINFALL RATES 

. , I .M"OO",,"' I 
SPATIAL SALINITY VARIATIONS 

TEMPORAL SALINITY VARIATIONS 

Figure 5-'1. Relationship Between Tidal Hydrodynamic and Salinity Models (150) . '. . 
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motion neglect the Bernoulli terms but include wind stresses and the Coriolis 
acceleration, and can be written as: ' 

oq x 
aE- il q = _ gd oh _ fq q + K V 2 cos 0 

-y ox x w 

o~ oh 
dt + il qx = -gd cry - fq <ly + K v: sin 0 

[ 1] 

[2] 

The equation of continuity for unsteady flow can be expressed as 

where 

0'Ix o~ oh_ 
ax' + . oy + dt - r - e ' 

x,y = horizontal Cartesian coordinates 
t = time 

[3] 

qx'gy = 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 Insl 
q =. (qx2+ qy2)% = 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 

o = angle between the wind velocity vector and the x-axis 
K = dimensionless wind stress coefficient 
il =' Coriolis parameter = 2usin<l> 
w = angular velocity of the earth = 0.73 x 10-4 rad/sec 
<I> = latitude = 27.8° for the Nueces and Mission-Aransas estuaries 
r = rainfall intensity 
e = evaporation rate 

The numerical solution utilized in the hydrodynamic model of the Nueces 
,and Mission-Aransas estuaries involves an explicit computational scheme where 
equations [1], [2], and [3] are solved over a rectangular grid of square cells 
used to represent in a discretized fashion the physiography and various 
boundary conditions found in the bay system (Figure 5-2). This explicit 
formulation of the hydrodynamic model requires for stability a computational 
time step, lit < lIs/{2gdmax ) % , where II s 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 (150). 

The following data comprise the basic set for applying the tidal hydro
dynamic ffiodei. Time varying data should be supplied at hourly intervals. 
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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 oondition at the estuary mouth (or q)Eming 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 oonvective-dispersion equation which is 
derivable from the principle of mass oonservation. For the case of a 
two-dimensional, vertically-mixed bay system, this equation can be written 

· as: 

[D a( cd)] + -.l.. 
x ax ay 

+K cd e [4] 

·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; Dx and Dy are the oorresponding dispersion coe~icients eval-
· uated at a scale representative of total tidal mixing; and d is the aver
age depth over a tidal cycle. The term Ke Cd is a first order reactive 
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 (150). The primary difference in 
the form of Equation [4] given above and that reported previously (150), 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 model involves an alter
nating direction implicit (ADI) solution of Equation [4] applied over the same 
grid oonfiguration used in the tidal hydrodynamic model to determine the net 
flows and tidally ,averaged depths. Because of its implicitfoITnulation the 
ADI solution scheme is unconditionally stable and there are no restrictions on 
the COITq:>utational time step, 6.t. However, to maintain accuracy and to 
minimize round-off· and truncation errors, a oondition corresponding to 

6.t/6.52 (, 1 h was always maintained throughout this work. Details of the 
numerical solution of Equation [4] and prograJ111ling techniques have also teen 
previously described by Masch (150;. 

The basic data set required to operate the oonservative mass transport 
model consists of a time history of tidal-averaged flow patterns, i.e., the 
output from the tidal hydrodynamic model, the salinity roncentrations of all 
inflows to the estuary, and an initial salini ty distribution wi thin the 

· estuary. 
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"Application, of Mathematical 'Models, 
Nueces and Mission-Aransas Estuaries 

Hydrodynamic and Mass Transport Models 

The oomputational grid network 'used to describe the Nueces and Mission
Aransas estuaries'is illustrated ,in Figure 5-3. The grid is superimposed on a 
map shCMing the general outline of the estuary. Included, in the grid network 
are the locations of islands (solid lines), sutrnerged reefs (dash 'lines), 
inflCM points, and tidal excitation cells. The x-axis of the grid system' is 
aligned, approximately, parallel to the roastline; and the y-axis extends far 
enough landward to rover, the lower reaches 'of all freshwater sources to the 
bay. The cell size (one square nautical mile) is based on (1) the largest 

, possible dimension that would provide sufficient accuracy, (2) the density of 
'available field ,data, and (3) corrputer storage' requirements and romp\ltational 

'time. Similar reasoning is used in; selection of the rorrputational time step 
, except that the maximum possible time step in' the hydrodynamic model is ron
'strained by the criterion·for mathematical stability. In the indexing scheme 
shCMn'in Figure 5-3, cells are numbers with the indices 1 < i < IMAX ~ 41 and 

,1 < ,j '< JMAX ~ 28. With this arrangement, all model parameters such as water 
'depths, flCMs in each roordinate 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 tide at discrete 

.points throughout each estuary, gaged freshwater inflows, estimate of Ungaged 
and return flONs, wind magnitude, direction and duration, evaporation, and 

J meaurements of ronservative ronstitutents (chlorides, specific ronductance or 
, total dissolved solids, TDS) throughout the estuary and at each inflow source. 
"Such a =npilation' 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 
'packages necessary for th~ calibration ,and verification of the estuary models 
'are obtained through arooperative prOgram with the U. S. Geological Survey. 
Especially important are the two rorrprehensive data rollection 'efforts 
conducted'in the estuary during November 1971 and June 1974. 

" The initial calibration and verificaton of the Nueces and Mission-Aransas 
.. estuary'models. is reported by Masch (150). A representative sarrple of the 

results of the final calibration of the models using data obtained during the 
, June .1972 field study are. presented in Figures 5"':4 to 5-8 to demonstrate the 
, ability, of the models to simUlate observed values of tidal arrplitude, 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 1971 through 1974. The 
four-year period was divided into 24 consecutive hydrologic sequences1i. 
The minimum time period used as a hydrologic sequence was seven days. 

y A hydrologic sequence is defined' as a 1::,ime period for which the daily 
inflow to, the estuary can ,be reasonably represented by the mean daily 
inflcM during, that period, i.e., the variation in daily flow about the 

,mean daily'flow is small when rorrpared to the magnitude of the mean daily 
flCM. 
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Seasonal averages' were used for the meteorological and tidal inputs. After 
comparing the simulated to the observed salinities for this period, it was 
determined that the simulated salinities in Redfish, Ararisas, and Copano Bays 
generally agreed with the observed data throughout. During extended low 
inflow periods the llOdel oonsistently underestimated the observed salinities 
in Nueces and Corpus Christi Bays. An investigation of observed data for 1968 
through 1977 revealed that during low inflow periods, the Nueces estuary did 
did not demonstrate a salinity gradient typical of Texas Gulf Coast estuaries 
(Le., low salinities in the vicinity of the river llDuth, gradually increasing 
in the direction of the Gulf Pass). This type of salinity gradient generally 
occurred in the Nueces estuary only during periods of high flow and for a 
length of time thereafter that is dependent on the volume of inflow. Other 
wise, the salinities oonsistently remained 20 to 30 parts per thousand (ppt) 
throughout Nueces and Corpus Christi Bays, wi th little appreciable gradient 
toward the Gulf. The results of the llOdel simulations predicted the occur
rence of a salinity gradient at all times, with the' gradient's severity 
increasing during low inflow periods and decreasing during high inflow 
periods. 

The presence of additional sources of influent water oontaining high 
total dissolved solids (TDS)concentrations unacoounted for by the llOdels was 
suspected as the cause for observed salinities being oonsistently higher than 
those simulated by the llOdels in Nueces and Corpus Christi Bays. An investi
gation determined' that all major industrial return flows had been input to the 
models. However, Sherman (274) reported that, based on information obtained 
fran u.S. Anny Corps of Engineers and the Texas Railroad Corrmission permit 
files in 1970, there were a total of 71 individual points 'of brine discharge 
fran oil and gas operations located around the Nueces estuarine system which 
were not included in the llOdels. In general, individual discharges were 
small, with an average of about 30,000 gallons per day and totaled approxi
mately 2.2 million gallons per day. An update of these data' from Texas Rail
road Commission files determined that by 1978 the total number of locations of 
brine discharge had increased to 183 for the Nueces estuary and 276 for the 
canbined Nueces and Mission-Aransas estuaries and totaled approximately 3.3 
and 3.7 million gallons per day of discharge, respectively. Little data are 
available on the quality of individual discharges, however, total dissolved 
solids ooncentrations can range as high as over 100 ppt (281, 284). 

Based on this information, additional source 
models and the 24 hydrologic sequences were rerun. 
salinities demonstrate a better oomparison with 
(Figures 5-9 through 5-17). 

inputs were added to the 
The resulting simulated 

the observed salinities 

Perfect agreement can not be expected' since the, simulated results repre
sent average salinity oonditions for the time period oovered by the hydrologic 
sequence while the measured data represent an instananeous response of the 
estuary to the specific tidal, freshwater inflow, and meteorological oondi
tions present at the time of the measurement. with the exception of Nueces 
Bay (line 53, site 3, Figure 5-9), the simulated salinities are generally 
within 5 ppt of the observed salinities. However, during low inflow periods 
the simulated salinities particularly in the Nueces estuary are still oon
sistently lower than the observed salinities. In the extreme, the simulated 
salini ties for Nueces Bay (line 53, site 3) never rise above 16 to 18 ppt 
while the observed salinities in Nueces Bay during the low inflow periods are 
consistently above 20, ppt and at times exceed 30 ppt. Further investigation 
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is necessary to better define the location, quantity and quality of all dis
charges of high total dissolved solids concentration in the Nuecesestuary and 
also to determine if any hydraulic anomalies exist in the Nueces estuary 
during low inflow periods which could exacerbate the salinity conditions in 
upper Corpus Christi Bay and Nueces Bay. 

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 volume of 
antecedent inflow and of tidal mixing are the most important factors affecting 
salinity. Salinities inrnediately 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 pro
portion to the magnitude of freshwater inflow except during conditions of 
extreme drought. Regression analyses of measured salinities versus freshwater 
inflow were carried out to verify and quantify such a relationship. 

The. average daily salinities are assumed to be related to gaged stream
flow by one of the following relationships: 

+ a1 

or 

-b 
Q + a2 t-k 

n 
( L: 
i=l 

n 
( L: 
i=l 

-b 
Qt-i) . 

where St is the average salinity of, the t-th day; 
is gaged streamflow k or i days antecedent to the t-th day; 
number between zero and one; n is an integer; and aO' 

n 

[1] 

[2] 

Qt-k or Qt-i 
b is a positlVe 
a1 and a2 are 

regression coefficients. The term L: Qt-i in equations [1] and [2] represents 
i=l 

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

The regression equations developed for Nueces Bay use the salini ties 
obtained by the Department of water Resources and United States Geological 
Survey cooperative data oollection programs at line 53, site 2 and the gaged. 
streamflows reoorded for the Nueces River near Mathis (Table 5-1). The daily 
average salinity is related to the daily gaged streamflow by the equation 

29 
St = 0.88 + 85.6 Q -0.5 + 893.7 (L: Q . rO. 5 [3] 

t-3 t-l 
i=l. 

V-24 



'f 
tv 
U'1 

Table 5-1. Description of Data for Regression Analysis 

Bay 
:' 

Nueces 

Copano 

Station 
Line-Site 

TIl'/R-USGS 
53-2 

TIl'/R-USGS 

44-1, 44-2 
54-2, 54-3 

Salinity 

Period 
of Record 

Dec. 1967 
to 

Jun. 1977 

Mar. 1968, 
to 

Jun. 1977 

USGS 
Station 

Nueces River 
near Mathis 

Mission River 
at Refugio 

Inflav 

Period 
of Record 

Jan. 1941 
to 

Jun. 1977 

Jan. 1941 
to, 

Jun. 1977 

Number of 
Observations 

for Regression 

33 

29 



where St and Qt-i 'are salinity and streamflow 
resIJectivelY.2 with a correlation coefficient (r) of 

"variation (r) of 89 percent, the regression is 
significant ( a = .01). 

in ppt and ft3/sec, 
0.94 and, an explained 
tested to be highly 

Monthly salinity-inflow relationships were derived using equation [3] to 
generate daily salini ties' for the period of streamflow record, 1941 through 
1976. The computed daily salinity values, were ,averaged monthly aver the study 
period, and the averages were related to the monthly average flows by the 
geometric equation 

[ 4] 

where sm and Om are monthly average salinity and gaged flow in ppt and 
ft3/sec,respectively, Co and c1 are regression coefficients, and 
(tse ) is a random Comp6nent. The frequency analyses for Nueces and 
Mission-Aransas estuarie"" indicate that roth monthly "salinities and monthly 
gaged streamflows are" approximately log-normal distributed. Therefore, the 
random corrq:>onent .has ,a normal distribUtion and can be expressed by tse (54), 
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 
cor:relation coefficients of ecjuation [4] for Nuecefl Bay (Table 5-2) for the 
twelve months (r) ranged, from 0.61 to 0.9, which are highly significant 
(a ,= .01). 

The average condition of [4] . over, a 12-month period (i.e., the 
relationship of the mean.monthlY'averages) is fitted to the ,equation 

S = 112.6 Q' -0.318' 
y y [5] 

where Sy 00' Q are mean monthly 
respectively. :fhe equation and: the 
versus Qy are plotted 'in Figure 5"'-18. 

average salinity, and gaged flow, 
95 percent confidence limits of Sy 
The other statistics of equation [5J 

are listed in Table 5-2> ' ' 
\ ' 

The analysis for Copano Bay uses' salini'ties obtained by the Texas 
Department of water Resources and U. S. Geological Survey, oooperative data 
collection prograins at line 44, sites 1, 2 and line 54, sites 2, 3, and the 
gaged streamflows recorded for the Mission River at' Refugio (Table 5-1). 

,Using the averages of salinities measured at the four line sites, the analysis, 
yields the relationship 

S = 113.~ Q-0.2796 
,t 

,26 
(' I.Q ")-0.2314 
i=1 t-l. 

with highly significant correlation coefficients of 0.87. 

[6] 
,. 

Using equation [6] to generate mean daily salinity for the period of 
streamflow record, 1941 through 1976, the relationships between computed mean 
monthly salinities and mean monthly streamflows: are determined (Table 5-3). 
The average condition of the relationships can be fitted to the equation 
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Table 5-2. Results of Salinity Regression Analysis, Nueces Eciy' 
. "\;,":' 

Regression Equation COrrelation Explained Standard Error 
Station Class (5 in ppt and Q in ft3/secl COefficient Variation of Estimate F-test 

~ r r 2 se . . . . . . . . --------------- - ----------------.-
-0.5 29 

Daily 5 = 0.88 + 85.59 Q.-3 + 893.7 L Q ,1-0. 5 0.94 0.89 ".** 
i=l t-l 

53-2 Jan. S 109.7 Q-0.300 50 i Q i 5,000 0.90 0.81 0.163 •• 

Feb. S 139.8 Q-0.352 50 i Q i 5,200 0.91 0.83 0.195 •• 

Mar. S 169.5, Q-0.393, 50 i Q i 4,400 0.94 0.87 0.158 •• 

Apr. S 82.9 Q-0.242 , 50 i Q i 3,400 0.83 0.69 0.193 •• 

'f May S 116;7 Q-0.300, 50 i Q i 10,500 0.83 0.69 0.325 •• 
IV 
-.J 

Jun. S 123.0 Q-O.349, 50iQi 8,150 0.87 0.76 ,0.273 •• 

Jul. 5 71.3 Q-0.258, 50 i Q i 10,500 0.86 0.74 0.205 •• 

Aug. S 114.S, Q-0.329, 50iQi 10,500 0.83 0.69 0.262 •• 

Sep. S 76.7 Q-0.240, 50 i Q i 25,000 0.78 0.61 0.335 •• 

Oct. 5 117.4 Q-0.330; 50 i Q i 14,900 0.84 0.71 0.330 •• 

Nov. 5 176.3 Q-0.437, 50 i Q i 3,380 0.94' 0.89 0.175 •• 
Dec. S 183.7 Q-0.430, 50 i Q ~ 1,000 0.95 0.90 0.122 •• 
All 

Q'-O.31S, Months 5 112.6 50 i Q i 25,000 0.87 0.75 0.268 •• 

aT-See· Figure3.:-rr:----•• Indicates a statistical significance level of ex= 0.01 (highly sig~if.icant). 
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Table 5~3. Results of Salinity Regression Analysis, COpano Bay 

-----------
Regression Equation COrrelation Explained Standard Error 

Station Class (S in ppt and Q in ft3/sec) COefficient variation of Estimate F-test 

y r r' se . . . . . . . . . -------------------------------------------------------------
Average -0.2796 26 

Q .) -0.2314 of Daily St = 113.47 Qt-3 ( L 0.87 0.76 0.175 ** 
Stations. i=l t-, 

44-1, 44-2 
54-2, 54-3 Jan. S 41.11 Q-0.38 4i Q i 390 0.89 0.79 0.227 ** 

Feb. S 32.38 Q-0.260 4 i Q i· 1,200 0.85 0.71 0.254 ** 

Mar. S 30.25 Q-0.264, 4 i Q i 260. 0.69 0.48 0.327 ** 

Apr. S 27.00Q-0•185 , 4 i Q i 240 0.68 0.47 0.331 ** .• 
May S 41.77 Q-0.321, 4 i Q i 540 0.82 0.67 0.406 ** 

Jun. S 28.83 Q-0.286, 4 i Q i 1,120 0.81 0.65 0.288 ** 

Jul. s 32.47 Q-0.306, 3 i Q i 1,850 0.86 0.74 0.328 ** 
Aug. S 34.22 Q-0.245, . 3 i Q i 1,080 0.75 0.56 0.349 ** 

Sep. S 29.53 Q-0.217, 3 i Q i 3,900 0.78 0.61 0.383 ** 

Oct. S 35.12 Q-0.329, 3 i Q i 4;140 0.87 0.75 0.386 ** 

Nov. S 46.32 Q-0.446, 3 i Q i 400 0.85 0.72 0.358 ** 

Dec. S 37.72 Q-0.342, 4 i Q i 250 0.85 0.72 0.288 ** 

All 
Q-0.282, Months S 32.9 3iQi 4 ,140 0.80 0.64 0:368 ** 

a-TseeFlgure3-f2. 
** Indicates a statistical significance )evel of u= 0.01 (highly significant). 



S = 32.9 Q -0.282 
Y Y 

[ 6] 

where ~ and Ov are mean monthly 
respectively. The equation and the 
versus Oy are plotted in Figure 5-19. 
are listed in Table 5-3. 

average salinity and gaged flow, 
95 percent a:mfidence limits of Sv 
The other statistics of equation [61 

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

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

Summary 

The movements of water in the shallON estuaries and embayments along the 
Texas Gulf Coast are governed t:1{ a number of factors, including freshwater 
inflONs, 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 has participated in the development of digital mathematical models 
representing the important mixing and physical exchange processes of the 
estuaries. These models are designed to simulate the tidal circulation 
patterns and salinity distributions in shallON, irregular, non-stratified 
estuaries. The basic concept utilized to represent each estuary is the seg
mentation of the physical system into a grid of discrete elements. The models 
utilize numerical analysis techniques to simulate the temporal and spatial 
behavior of circulation and salinity patterns in an estuary. 

The numerical tidal hydrodynamic and salinity mass transport models were 
applied to the Nueces and Mission-Aransas estuaries, with the model repre
sentation of the system including Nueces Bay, Corpus Christi Bay, Redfish Bay, 
Aransas Bay, Copano Bay, Mission Bay, and a portion of the Gulf of Mexico 
adjacent to Mustang and St. Joseph Islands. The hydrodynamic and mass trans
port models were calibrated and verified for the estuary. In testing the 
model's abilities to simulate the salinity response of the estuary aver an 
extended time period, it was determined that lONer salinities were being 
predicted in Nueces. and Corpus Christi Bays than have been actually observed 
in recent years. Several additional input sources were included in the models 
to more adequately represent the numerous permitted brine discharges located 
in and near Nueces and Corpus Christi Bays. This lead to sOme improvement in 
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the simulated results, but additional effort will. be necessary to further 
improve the simulated results during low inflow periods. 

Statistical analyses were undertaken to quantify the relationship between 
freshwater inflows from the Nueces arid Mission Rivers and salinities in Nueces 
and Copano Bays. Utilizing gaged daily river flows in the Nueces and Mission 
Rivers and observed.salinities, a set of monthly predictive salinity equations 
were derived utilizing regression analyses for the two indicated areas of the 
estuary. These equations predicted the rrean monthly salinity as a function of 
the rrean monthly freshwater inflow rate. 
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CHAPTER VI 

;" , ". ~. NUTRIENT PROCESSES 

Introduction 

Biological productivity is keyed to a variety of j:hysical and chemical 
processe~. These "include favorable oonditions of temperature, salinity, and 

"""pH, as 'well as a sufficient energy source (e.g., sun light and tides) to drive 
the biological processes. In addition, readily available supplies of 
inorganic "materials, are essential, the most obvious, being carbon, nitrogen, 
and phosphorus. ' No less important, but required- in smaller amounts are 
silicon, sodium, calcium," potassium, manganese, chlorine, ,and sulfate ions. 
Other essential ,trace elements are required in minute amounts. 

In the majority of aqUatic ecosystems, these elements are available in 
quantities necessary to support biological production. A deficiencY of any 
one, hayever, may be sufficient to limit biological productivity. In most 
'cases, nutrients required in" the largest amounts are quickly"depleted from the' 
surrounding medium. "Their"ooncentrations can oonsequently be oonsidered among 
the rikJ9timportant factors relating to biological productivity.' The ratios, of 
the' three most important elements--carbon, nitrogen, and j:hosphorus-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. 

:, J 

Carbon ,to nitrogen to phosphorus (CNP) ratios vary from" organism ,to 
organism. Carbon is normally required in the greatest quantity followed by 
nitrogen and 'phosphorus. Generally, oceanic "species have a reported value of 
106: 16:1 ( 119) • Nitrogen to' j:hosphorus ratios for a variety of j:hytoplarikton' 
speCies are usually in" the, range of 10-12: 1 (119). These two elements are 
ccmsideied to' be the "critical" nutrients in aquatic ecosystems since carbon 
is "rarely, if ever, limiting due to "the readily available supply of atJ11O'
spheric C02 and the abiIi ty of autotrophic organisms to use this form. 

, . 
'The' amount - of nitrogen required in an, aquatic ecosystem is generally 

greater than' phosphorus, thus biological productivity is most likely to be 
ni trogen-limi ted. This has been reported to be the case in a number of 
estuaries (400, 402, 135, 192, 110, 196) including those in Texas (331, 330)."' 

Nutrients can be brought into the estuary in either particulate or dis':' 
solved fOrms., Both forms may be oomposed of organic and inorganic oomponents. 
Particulate 'nutrients may exist in the form of detritus from decaying vegeta
tion; 'sewage' and industrial waste effluents, or nutrients adsorbed onto silt, 
clay," and various' mineral particles. In general, some form of mixing is 
necessary to keep particulate materials (especially the, larger ones) in 
suspensicin;' Mixing forces may be in the form of wind-driven circulation, as 
'in the shallow bays of the Texas coast, or as induced cu=ents from the" rivers 
and streams that feed the estuaries. 

The'- three' natural sources of nutrients to the estuaries are streams and' 
r"ive'rs'; rain,' and seawater. Seawater is not usually considered as a nutrient, 
source;' 'however, there' may be a, considerable exchange of seawater with bay 



water, depending upon prevailing a:mditions, and some nutrients' may enter 
from this source. Rainfall probably does not act as a major nutrient source 
either, 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. 

Nutrient Loading 

Attempts to determine the amount of nutrient loading from a ri,verine 
source to an estuary have been conducted by Smith and Stewart (202). 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 oooperation 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 concentra
tionand water ·quality data have been systematically collected for these 
rivers only since the late .1960's. 

The· major contributory channels of freshwater inflow to the Mission
Aransas estuary' are Copano Creek, Chiltipin Creek, Mission River, and the 
Aransas River which empty into Copano Bay. .Contributions of' nutrients from 
the' Aransas River may be intermittent aE; an earthen dam about 'one mile up
stream from the confluence with Copano Bay probably prohibits inflows to the 
bay during low flow periods. The major sources of freshwater inflow and,. the 
associated nutrient load to the Nueces estuary are the Nueces River and Oso 
Creek. 

r 
The' mean annual total discharge measured at the closest non-tidally 

influenced gage for the six major freshwater inflow sources to the Nueces and . 
Mission-Aransas estuaries is atout 800,000 acre-feet (986 million m3 ). 
About 73.2 percent. of this inflow (586,000 acre-feet or 723 million m3) is 
contributed bY. the Nueces River. Contributions from the remaining sources are 
as follows: Oso Creek, 3.1 percent (25,000 acre-feet or 31, million m3);. 
Chiltipin Creek, 4.7 percent (37,900 acre-feet or 47 million m3 ); Aransas 
River, ,4.4· percent ('35,400 acre-feet or 44 million m3 ); Mission River, 10.1 
percent (80,600 acre-feeL or 99 million m3 ); and Copano Creek, 4.4 percent 
(35,200 acre-feet or 43 million m3 ). . 

U. S. Geological Survey discharge and water quality data over the period, 
of record (1970-,1977)· were used to calculate the potential nutrient l()adinq 
contribution from Copano Creek, Mission River, and ChiltipinCreek. The U. S. 
Geological Survey has not collected water quality data for the lower reaches 
of the Aransas River; however, some 'data from the Texas Department of Water 
Resources statewide water quality monitoring network (1967-1977) were avail
able.· U. S. Geological Survey data were available for Oso Creek (1972..,.1977)" 
while Texas,Department of Water Resources monitoring network data'were avail
able, for, the. lower Nueces River atove Calallen Dam (1972-1977). 

Nutrient data are limited to one sample per' month, or one sample every 
other month. Using such a sparse data base to determine nutrient loadings to 
the bay"can present"several problems. An attempt has been made. to' reduce 
these problems by determining maximum and min~mum monthly discharges over the 
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period of record and Jrean m::mthly concentrations for CNP where possible. Such 
an approach has the effect of reducing potential error due to seasonal varia
tion of biological activity and flow. By using the maximum and minimum 
observed IrOnthly discharges over the period of record, a range of "expected" 
values can be calculated that represent a "potential" IrOnthly loading. 

Field studies, involving seasonal intensive field sampling efforts over a 
one or two day period, have been conducted in the Nueces River delta in order 
to gain insight into nutrient contributions from this brackish intertidal 
marsh to the Nueces estuary. As is the case with riverine water quality, an 
analysis of the deltaic marsh contribution is inadequate based upon data 
collected over one or two years on a seasonal basis. More data are needed, 

. particularly for extreJre events such as floods, hu=icanes, and droughts, in 
order to refine these analyses. 

Water quality data collected by the U. S. Geological Survey indicated 
organic nitrogen concentrations in Copano Creek near Refugio, Texas, to range 
from 0.06 mg/l to 5.7 mg/l. Organic nitrogen concentrations from other 
sources were recorded as follows: Mission River (0.0 - 2.0 mg/l), Chiltipin 
Creek (0.0 - 9.0 mg/l), and Oso Creek (0.0 - 3.1 mg/l). Monthly water quality 
analyses performed by Wiersema et al. (47) indicated organic nitrogen concen
trations in the Nueces River ranging from 0.2 to 1.3 mg/l. No USGS organic 
nitrogen data were available for either the Nueces or Aransas Rivers. 

Texas statewide IrOnitoring network data indicated that inorganic nitrogen 
concentrations ranged from 0.06 mg/l to 0.92 mq/l in the Nueces River and from 
0.4 mg/l to 2.65 mg/l in the Aransas River. Other sources revealed inorganic 
nitrogen concentrations of 0.01 - 0.92 mg/l in Copano Creek, 0.0 - 5.72 mg/l 
in the Mission River, 0.0 - 5.5 mg/l in Chiltipin Creek, and 0.18 - 16.77 mg/l 
in Oso Creek. Inorganic nitrogen concentrations reported by Wiersema et al. 
(47) in the lower Nueces River ranged from ·less than 0.14 mg/l to 0.22 mg/l. 

Total phosphorus concentrations reported by the U. S. Geological Survey 
were similar in alIrOst all of the contributing streams (generally 0.01 - 0.6 
mg/l). Oso Creek was an exception, with total phosphorus concentrations 
generally two to ten times higher than those recorded elsewhere. Concentra
tions in the Aransas River were consistently higher than in the majority of 
contributing streams during the spring season. 

Total organic carbon ('!DC) concentrations reported in the Texas water 
quality monitoring network and by Wiersema et al. (47) for the Nueces River 
were generally less than 10 mg/l. In each of the other contributing streams 
TOe concentrations were significantly higher. The upper limit of TOC extremes 
ranged from about 30-35 mg/l, with the exception of one value (80 mg/l) 
reported from the Aransas River. 

Mean IrOnthly organic nitrogen concentrations exhibited no definite sea
sonal patterns (Figure 6-1). In general, concentrations in the Mission River 
were roughly half those of other streams. Mean IrOnthly inorganic nitrogen 
concentrations recorded from Oso and Chiltipin Creeks were, as a rule, greater 
than those concentrations in the .remaining streams (Figure 6-2). Concentra
tions in Oso Creek were particularly high. Oso Creek is the only stream that 
exhibited a definite seasonal pattern for mean IrOnthly inorganic nitrogen con
centrations, ranging from a low point in late summer to highest values occur
ring from December through February. 
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Figure 6-1, Mean Monthly Organic Nitrogen Concentrations of Streams 
Contributory to the Nueces and Mission-Aransas Estuary 
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Total phosphorus ooncend:-ations exhibited patterns similar to those of 
inorganic nitrogen (Figure 6-3). With the exception of ronsistently high 
values (2 to 10 times greater) for Oso Creek and ronsistently low values for 
the Mission River, there appeared to be 00 readily observable differences in 
phosphorus roncentrations among rontributory streams. Mean total P1osphorus 
concentrations in Oso Creek appeared to follow a seasonal trend similar to 
that sha.m by inorganic nitrogen. Mean monthly total organic carbon cxmcen
trations were highest in Copano Creek and lowest in the Mission River (Figure 
6-4). The lack of sufficient data for the Aransas and Nueces Rivers precluded 
an evaluation of seasonal TOe concentration trends in those streams. 

The range of potential nutrient loadings (kg/day) to the Nueces and 
Mission-Aransas estuaries (from the six major contributing streams) was calcu
lated using the maximum and minimum concentrations observed for each nutrient 
species (in each· of the twelve months, for the entire period of reoord) and 
the mean monthly discharge measured at the first oon-tidally influenced gaging 
station (Tables 6-1 through 6-4). Potential Aransas and Nueces River nutrient 
loadings were calculated by a slightly altered procedure. Since few data 
points existed for individual months, observed maximum and minimum ooncentra
tions over the period of reoord for each species were used rather than rronthly 
maximum/minimum as was done for the other four streams. 

Even though individual ooncentrations of various nutrient species are 
higher in the other streams, the total nutrient contribution from the Nueces 
River dominates those from other major freshwater inflow sources. This demon
strates the importance of freshwater inflow as the dominant factor in estimat
ing nutrient loading. In comparison with the other sources, oontributions 
from Oso Creek are unusually high in proportion to the percent of flow contri
bution to the estuary, particularly for total phosphorus and inorganic 
nitrogen. The cause for these high roncentrations is uncertain but may result 
from agricultural runoff and/or effluent from the Robstown and Corpus Christi 
Westside wastewater treatment plants which are the major sources of flow in 
Oso Creek. 

r 

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 vi tal basic 
food source for the estuary, (2) "nursery" habitats for the young of econom
ically 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. 

The most striking characteristic of a marsh is the large amount of P1oto
synthesis (primary production) within the system by the total plant conmunity 
(i .e., macrophytes, pedphytes, and benthic algae); thus, estuarine marshes 
are recognized as among the world's most productive areas (166, 165). United 
States estuarine marshes of the Atlantic and Gulf coasts are 00 exception, 
since the inhabiting rooted vascular plants have adapted advantageously to 
the environment and are known to exhibit high biomass production (305, 407, 
32, 184, 307, 300, 355, 9). As a result, the marshes are large-scale contri
butors to estuarine productivity, poviding a major source of particulate 
(rletri tal) substrate and nutrients to the microbial transformation processes 
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'rable 6-1. Range of Potential Inorganic Nitrogen from Sources Influent Do the Nueces and Mission-Aransas 
Estuaries (kg/day) 

Year : Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Se/2. Oct. Nov. Dec. 

Mission R. High 27 137 118 79 224 34 39 27 2662 * 27 538 
1970-1977 

Io<I 13 135 8 3 62 30 6 0 224 * 8 48 

Copano Cr. High 4 7 74 68 65 38 6 120 119 10 3 
1970-1977 

Io<I 0 0 14 24 12 5 3 50 3 2 

Oso Cr* High 92 66 330 68 109 1155 472 43 1957 1199 152 90 
1972.-1977 

Io<I 11 15 52 6 33 152 70 10 41 98 18 15 

Chiltipin Cr. High 13 17 12 35 32 854 815 109 330 155 79 13 
;:i 1970-1977 
I Io<I 0 0 0 0 10 10 4 49 13 2 0 

\D 

Aransas R. High 97 58 17 42 260 193 53 33 1188 148 11 15 
1967-1977 

Io<I 3 2 7 6 2 34 4 0 0 

Nueces R. High 899 809 807 690 2978 2531 1388 1346 4605 4364 1028 390 
1972-1977 

Io<I 127 114 114 -98 421 358 196 190 65t 617 145 55 

·*No available data 



Table 6-2. Range of Potential Organic Nitrogen from Sources Influent to the Nueces and Mission-Aransas 
Estuaries (kg/day) 

Year Jan. Feb. Mar. Apr. Max Jun. Jul. Aug. Sep. Oct. Nov. Dec. 

Mission R. High 78 , 41 , 668 , 158 , 1704 , 141 , 
1970-1977 

Lew 2 , 2 , 0 , 4 , 96 , 3 , 

Copano Cr. High_ 28 15 6 458 419 513 160 21 359 670 32 15 
1970-1977 

. Lew 6 5 2 96 130 67 64 12 30 98 11 5 

050 Cr. High 13 6 81 14 131 432 277 31 389 388 27 5 
1972-1977 

Lew 5 0 32 8 64· 0 2 0 213 91 0 5 

Chiltipin Cr. High 24 14 5 13 208 595 528 116 1221 362 22 11 
;"i 1970-1977 
I ,Lew 0 0 2 70 124 0 0 226 111 0 0 
~ 

0 

'No available data 



Table 6-3. Range of Potential Total Phosphorus from Sources Influent to the Nueces and Mission-Aransas 
Estuaries (kg/day) 

Year Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. 

Mission R. High 4 28 3 14 38 34 10 17 96 20 8 198 
1970-1977 

1= 2 7 6 5 13 3 43 10 0 12 

Copano Cr. High 2 2 39 46 42 26· 5 85 49 4 ·2 
1970-1977 

1= 0 20 7 18 7 3 30 18 3 

Oso Cr. High 29 28 218 36 50 452 918 65 1006 891 68 44 
1972-1977 

1= 17 6 37 3 50 226 117 18 155 139 8 29 

Chiltipin Cr. High 2 4 106 336 176 35 366 220 17 
;:1 1970-1977 
I 
~ 

1= 0 0 0 0 56 18 7 2 92 49 2 0 
~ 

Aransas R. High 38 189 53 135 842 627 170 108 3853 481 37 48 
1967-1977 

1= 2 2 10 8 2 48 6 

Nueces R. High 899 809 807 690 2978 2531 1385 1346 4605 4364 1028 390 
1972-1977 

1= 127 114 114 98 421 358 196 190 651 617 145 55 

-----



Table 6-4. Range of Potential Total Organic Carbon from Sources Influent to the Nueces and Mission-Aransas 
Estuaries (kg/day) 

Year Jan. Feb. Mar. Apr. May Jun. Jul. Aug. : ·see· Oct. Nov. Dec. 

Mission R. High 1,345 * 933 * 7,155 * 1,720 * 31,943 * 1,969 * 
1970-1977 

!no ° * 192 * 2,337 * 287 * ° * 295 * 

Copano Cr. High 348 250 92 3,938 8,609 7,504 3,599 * * 7,217 866 265 
1970-1977 

!no 261 108 43 1,607 6,181 2,765 1,599 * * 2,113 478 207 

080 Cr. High 115 102 839 93 725 10,689 3,628 529 5,468 3,882 550 86 
1972-1977 

!no 89 38 262 13 363 1,809 2,988 224 2,286 959 167 75 

Chiltipin Cr. High 51 94 96 153 * 5,951 4,064 2,234 15,264 4,398 563 29 
;:i 1970-1977 
I !no 27 51 65 45 * 3,105 1,478 372 8,548 2,846 241 20 

tv 

Aransas R. High 666 3,332 941 2,372 14,837 11,035 2,999 1,901 67,855 8,467 647 .843 
1967-1977 

!no 50 250 71 178 1,113 828 225 143 5,089 635 49 63 

Nueces R. High 13,686 12,314 12,279 10,496 45,310 38,519 21,129 20,477 70,075 66,405 15,641 5,934 
1972-1977 

!no 1,955 1,759 1,754 1,499 6,473 5,503 3,018 2,925 10,011 9,486 2,234 848 

*No available data 



at the base of the'fODd-web which enrich the protein levels and fODd value for 
consuming organisms, (36, 37, 213, 167, 415, 140, 139, 33, 179, 40, 117, 208, 
87, 88, 94). Recent research' has demonstrated a correlation between the area 
of salt marsh vegetation and the commercial harvests ofpenaeid shrimp (353). 
For Texas estuaries, the statistical relationship indicates at least 30.0 
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 ano creeks (63). The 
rationale for this suggestion is found in "eaqe-effect",benefits;that is, a 
higher edge length' to marsh area ratio provides more inter,face and a greater 
opportunity for exchange of nutrients and organisms across the boundary 
between aquatic and marsh habitats.' Deltaic marshes at the ·headwaters of an 
estuary generally exhibit a dendritic pattern of drainage channels ano are 
especially important because they form a vital link between an in flowing river 
and its resulting estuary. The direct effects of freshwater inflow/salinity 
fluctuations are primarily physiological, affecting roth seed germination and 
plant grCMth,- and are ultimately reflected in the competitive balance among 
plant'species and the presence of vegetative "zones" in the marsh. (296, 181, 
175, '163~'85, 199). 

The Nueces and Mission-Aransas estuaries receive maior hydrologic input 
from the Nueces River and the marshes of the Nueces delta. Marns et al. (48) 
delineated eight hydrological units in the Nueces delta and estimated above 
ground net primary production of the rooted vascular plants (macrophytes) at 
92.4 million dry weight pounds per year (42,000 metric rons/year) over the 
13,220 acre (5,350 ha) study area. Annual net proouctivity (ANP) averaged 
approximately 7,000 dry weight pounds per acre (785 g/m2) over the entire 
study area, with maximum ANP in Spartina spartinae habitats estimated at 
15,120 dry weight pounds per acre (1,695 g/m2). 

In addition, Wiersema et al. (47) estimated net periphyton proouction to 
ra~e from a minimum of 1.07 dry weight pounds per acre per day (0.120 
g/m /d) in December to a maximum of 5.12 dry weight jX)unds per acre per day 
(0;574 g/m2/d) ,in April. Assuming that an average 25 percent of the studv 
area was inundated, the periphyton ANP can be estimated at approximatelv 3.31 
million dry weight pounds (1,500 metric tons). 

Specific estimates of the arove grouno net primary production of moteo 
vascular plants (macrophytes) are not available for the deltaic and intertidal 
marshes' of the Mission-Aransas estuary; hCMever, such values are expected to 
be intermediate to' those 'of nearby marshes where the macrophyte production 
values have been measured. In this regard, the Nueces delta marshes to the 
west have an estimated ANP average of 7,000 dry weight pounds per acre (785 
9/m2 } , while those of the Guadalupe delta to the east have an estimated ANP 
average of 10,800 dry weight pounds per acre' (1,211 g/m2 ). Maximum macro
phyte production under favorable conoi tions may exceed 15,120 dry weight 
pounds per acre (1,695 g/m2) in this Texas coastal region; 

Although the high productivity of these deltaic marsh habitats makes 
available large C!JTlOunts of detritus"for potentia) transport to the estuary's 
aquatic habitats, actual detrital transport is oeJY ndent orithe episooic 
nature of the marsh inundation/oewatering process. The va~'\' majority of the 
primary' production in the higher, irregularly-flODde'! vegetat5 "e zones may go 
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into peat production and is not exported (25). It has been estimated, hcM
ever, that in the ' lower, frequently-flushed vegetati vezone characterized, by 
Spartina alterniflora about 45 percent of the net production is exported to 
the 'estuarine waters (213) • 

. , In !l'any coastal areas the production and nutri ti ve contibution of emer
gent vascular plants to the estuarine ecosystems is supplemented or even 
largely replaced by vast submerged seagrass beds. This is particularly true 
for estuarine areas 'on the South Texas coast (e.g., Laguna Madre). An 
established seagrass conrnunity is highly productive, provides valuable hahitat , 
(food and cover) to economically important estuarine-dependent fish and shel17 
fish, and stabilizes the bottom of the estuary (159, 113, 11). 

In the Nueces and Mission-Aransas estuaries, areal extent of submerge<l 
vegetation has been estimate<l by Diener (378) at 16,875 acres (6,828 ha). 
Dominant species in the Mission-Aransas estuary, oarticularly Redfish Bav, 
were Halodule beaudettei, Ruppia maritima, and Thalassia testudinum. R. 
maritima was· the dominant seagrass in Corpus Christi Bay. Henley and. 
Rauschuber (95) have also reported ,on seagrasses of both estuaries where R. 

'maritima,. Halodule beaudettei, and T. testudinum were found to be coTmlunity 
dominants in two study areas (Areas-12 and 14) with a total of 17,069 acres 
(6,906 hal. Syringodium filiforme and Halophila engelmanni were found to be 
lesser coTmlunity species in these areas. Transects through seagrass beds near 
Harbor Island (west side) and Pelone Island (south of Corpus Christi ship 
channel) were sampled from October 1978 to June 1979 (95). Estimates of the 
ANP (measured as sum of live bio!l'asS losses) in Harbor Island quadrats ranged 
from 2,900 to 4,440 dry weight pounds per acre (325 to 498 g/m2) and 
averaged about 3,600 dry weight pounds per acre (404 g/m2 ). Similarly, the 
ANP of Pelone Island quadrat was estimated at 2,775 dry weight pounds per acre 
(311 :g/m2). McMillan and Moseley (423) compared the growth and survival of 
five seagrasses from Redfish Bay in terms of their salinity tolerances and 
found that Halodule is broadly tolerant (growth to 72 opt), followed in order 
of'decreasing tolerance by Thalassia, Rupp'ia, and syringodium (growth to 40 
ppt) • The salini ty tolerance of HalophUa was intermediate but could not be 
de'termined' by the study. It is noted that the distributional patterns of the 
seagrasses in the area appear at least partially relate<l to the 
species-specific salinity tolerances. 

Marsh Nutrient Cycling 

'Deltaic and other brackish and salt marshes are known to be sites of high 
biological productivity. Emergent macrophytes and blue-green algal mats serve 
to.' trap nutrients and sediment as flow velocities decrease. These nutrients 
are" incorporated into the plant biomass during growth periods and are Sloughed 
off' and. exported to the bay as detrital material during seasons of olant, 
senescence and/or periods of inundation and increased flows into the ooen hay. 
The periphery of the Nueces and Mission-Aransas estuaries is primarily sand, 
mud flats, and intertidal marsh. One extensive deltaic marsh system exists at 
the point where the Nueces River enters Nueces Bay. Predominant marsh and 
wetland macrophyte species reported in the Nueces delta are Batis .maritima, 
Borrichia·frutescens, Monanthochloe littoralis, Salicornia virginica, Spartina. 
alterniflora.- and Spartina spartinae (226, 48). 

Studies by Armstrong et al. (273), Dawson and Armstrong (278), Armstrong 
and Brown (277), and Armstrong and (",ordon (275, 276) have been conducted to 
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determine the role of the plants and delt.aic sediment;s .. in _nutrient exchange 
processes. In llDst cases these patterns seem to be similar from species to 
species. The rates of nutrient exchange for marsh macrophytic species and 
associated sediment in the Nueces delta was found to be similar in magnitude 
to exchange rates in other Texas roastal marsh systems. Seasonal exchange 
rates measured under rontrolled laboratory ronditions are presented in Figures 
6-5 through 6-10. Total organic carbon is released by each of the subject 
species. Unfiltered total Kjeldahl nitrogen measurements also .reflect the 
occurrence of a release process. Arrrnonia nitrogen is taken up, particularly 
as the grCMing season progresses. With the exception of the Salicornia 
reactors, the same pattern appears to hold for nitrate nitrogen uptake. The 
aberrance of this one species may be due to the lCM·volume of the experimental 
reactor which precluded the grCMth of the algal mats; such mats are apparently 
resp:msible for a significant amount of nitrogen uptake. Nitrite nitrogen 
exchange rates are practically zero; the lCM roncentr?tions indicate that 
nitrite is being ronverted to nitrate almost as quickly as it is formed. 

Export of total phosphorus and orthophosphate indicates that plant grCMth 
in the Nueces delta is not phosphorus limited. Coupled with the evidence of 
inorganic nitrogen uptake, this would indicate that nitrogen is probably the 
limiting nutrient in the system. Based on the above data, average seasonal 
exchange rates have been calculated for six nutrient parameters (Table 6-5). 

The areal extent of the Nueces delta romp6sed of algae rovered mud flats 
and emergent marsh vegetation has been determined· to be about 4,990 hectaces 
(12,330 acres) (226). Assuming that the exchange-cates presented in··Table 6-5 
ace consistent throughout a finite period of inundation,. the Nueces rlelta 
marsh rould expoct as much as 36,900 kg per day (kg/d) (or 16,773 lbs/d) total 
organic carbon, 1,550 kg/d (or 705 lbs/d) Kjeldahl nitrogen (largely as 
organic nitrogen), and 1,250 kg/d (or 568 lbs/d) total phosphocus to the 
Nueces estuary. This would be in addition to the nutrients deli veced to the 
estuary. in the form of large clumps (branches, gcass stems, etc;) or as 
particulate detrital materials from senesced or decayed macrophytes flusherl 
out of the delta during an inundation event. 

Wiersema et al. (47) indicated that the Nueces'. River deltaic macsh was 
acting as a nutrient sink. It should be noted, hCMevec, that the delta was 
nevec inundated due to ICM flCM regimes during the study. The stucly also 
indicated that large amounts of plant detritus and animal biomass were 
produced in the marsh. 

Wetlands Processes 

The concept of the roastal zone as an area of general environmental 
concecn has rome about only during the past decacle oc so. Landmark legisla
tion along these lines includes the Coastal Zone Management Act of 1972 which 
emphasizes that " .• • it is the national policy to presecve, protect, develop, 
and where possible, to cestoce oc enhance, the resoucces of the Nation's 
coastal zone for this and succeeding generations ••• " Moce recently, Executive 
Ordec 11990 of May 24, 1977, ordeced federal agencies with responsibilities 
in, oc pertaining to, the coastal zone to " •• ; take" action to minimize the 
destruction, loss or degcadation of wetlands, and to presecve and enhance the 
natural and beneficial values of wetlands •• ," 
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Table 6-5. Average Seasonal Exchange Rates for Nutrient Species in the 
Nueces River Delta (kg/ha/d)(276) 

Months fran 
beginning of 
year (Jan. 1) 

Total Organic Carbon 

Tbtal Kjeldahl Nitrogen 

Ammonia Nitrogen 

Nitrate Nitrogen 

Nitrite Nitrogen 

Tbtal Phosphorus 

- values indicate release 
+ values indicate uptake 

o 

-6.6 

-0.06 

-0.19 

+0.15 

+0.01 

+0.05 

1.3 2.0 6.0 . . . . . . --------------------------.---
-7.4 -0.7 -5.3 

-0.31 -0.26 -0.18 

+0.01 +0.38 +0.71 

+0.24 +0.24 -0.39 

0.0 0.0 0.0 

-0.06 +0.09 -0.25 
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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 
CClIIParatively, .evaluate the various components of the marsh systems. The 
follc~dng ,description of ,the Rincon Bayou area is a by-product of seasonal 
aerial photographic studies conducted during the 1976 growing season (226). 

The Rincon Bayou area, the lower deltaic marsh of the Nueces River, lies 
in a broad valley, flanked by bluffs on. each side. The Nueces, River lies 
along the south side of the marsh and a natural floodway passes through the 
middle of the marsh, awarently along the old river bed. Rincon Bayou is 
crossed in a few places by shell roads and once by the right-of-way of the 
Missouri Pacific Railroad. Scars from drilling and production activities are 
particularly noticeable at the east end of the Rincon Bayou area where a few 
old dredged channels and shell roads remain. There awears to be suprisingly 
little damage from the building of shell-surface roads or even from railroad 
rights-of-way. The area is rounded on the south by residential, commercial, 
and industrial (oil storage) developnent. The bayou is rounded on the north 
by a considerable level of agricultural and pastoral activity. Although it 
might be expected that fertilizer runoff might increase the productivity of 
the adjacent wetlands, this appears not to be the case in the Rincon Bayou 
area. For the most part, the Nueces delta appears to be most affected by the 
forces of urbanization and industrialization. 

Another item of significant interest is the introduction of the water 
hyacinth (Eichhornia crassipes) into the western side of Rincon Bayou, brought' 
in, no doubt, by the floods of October 1976. Successful expansion of this 
exotic .species could lead to competition with other native wetland species. 

The long-range condition of the wetlands environment will be considerably 
affected by the kinds of decisions which are made over the next few years. 
The proper environment would, in the case of the deltaic marshes, be one in 
which there is a healthy seasonal cycle of emergence-to-maturation-to
senescence-to-detrital utilization. Acre for acre, the wetlands are the most 
productive areas on earth. Therefore, the direct and indirect impacts of water 
and navigational developnent, oil and gas production, and expansion of agri
cultural and cattle-raising activities in the coastal zone should be of 
consuming interest. 

Summary 

The deltaic marshes are important sources of nutrients for the estuarine 
system. Periodic inundation events are natural and necessary in order for the 
marshes of the Nueces and Mission-Aransas estuaries to deliver their potential 
nutrient stores to the open waters of the bays. This will occur as the slug 
of freshwater moving across the delta sweeps decayed macrophyte and dried 
algal mat material out of the system. Dawsoh and Armstrong (278) found that a 
sudden inundation event over the delta marshes, following a period of emer
sion, results in a short period of high nutrient release from the established 
vegetation and sediments. This period may last one or two days and is 
followed by a period in which release rates decrease rapidly until they 
approach the seasonal equilibrium. During .periods of high river discharge 
and/or extremely high tides that immediately follow prolonged dry periods, the 
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contribution of carbon, phosphorus, and nitrogen from the deltaic 
the estuarine system'can be expected to increase dramatically. . . . - : ... . '. -. -' . . 

marshes to 

',:, ' 

,; -Ae'r:ial' phot:ograi:>hi'c studies of the Rincon Bayou area' haveaiso provided 
an 'insight into on-going wetland processes. For the !lOst, part, the" Nueces, 
Riirerdelta' apPears' to be !lOst affected by the forces of urbanization and" 
industrialization.' Scars' from drilling and production activiti'es are 
particularly noticeable at the eastern edge of the Rincon Bayou area. The 
long-rangE!'oondition of the wetlands environment will beoonsiderablyaffected 
by:the kinds of deciSIons which are made over the' next -few years. ';. 
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ciIAPrER VII 

PRIMARY AND SEcaIDARY Bl\Y PROOOcrIOI'I 

Introduction 

A large number of' environmental factors interact to govern the overall 
biological productivity in river fed, embayment-type systems such as the 
Nueces and Mission-Aransas estuaries. In order to describe the "health" of an 
estuarine ecosystem, the food-web and its trophic levels (e.g., primary and 
secondary bay production) must be monitored for a long enough period to 
establish seasonality, distribution of production, and community composition. 
Ecological variables which were studied and are discussed herein include the 
abundance (counts per unit volume or area), distribution, and species compo
sition of the phytoplankton, zooplankton, and the benthic invertebrates. 

All biological communities 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 determiner] by 
a number of photosynthetic species directly transforming the sun' s energy into 
bianass that is useful to other 'members of the biological corrrnuni ty not 
capable of photosynthesis. Thus, the concept of primary and secondary 
productivity emerges. Fundamentally, primary productivity represents the 
autotrophic fixation of carbon dioxide by photosynthesis in plants; secondary 
producti vi ty represents the production of herbivorous animals which feed on 
the primary production component. The integrity of biological systems then 
sterns mainly from the nutritional interdependencies of, the species composing 
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 base 
of this 'trophic structure as primary producers. Estuaries have a diversity of 
phytoplankton and thereby experience virtually year-round photosynthe~is and 
production. Shifts in communi ty oornposi tion and replacement of many sPecies 
throughout the seasonal regime provide an efficient adaptation to seas'onal 
changes in biotic and abiotic factors. Secondary production evolves as the 
phytoplankton producers are consumed in turn by the zooplankton (tiny, 
suspender] or free-floating animals) and other suspension feeders; planktonic 
detritus is also utilized by many benthic invertebrates. 

Characteristically, each estuary has identifiable j:hytoplankton, zoo
plankton, and benthic communities. 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 bay 
areas. Therefore, the main objectives of this analysis are to describe the 
community composition, distribution of abundance, and seasonality of the fol
lowing important ecological groups: phytoplankton, zooplankton, and benthic 
invertebrates. 

Data presented in this report for each of the three lower food main 
categories (i.e., phytoplankton, zooplankton, and benthos) were obtained from 
a 30-month study (October 1972 - March 1975) conducted by the TJniyersity of 
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Figure 7· 1. Estuarine Food·Web Relationships Between 
Important Ecological Groups (62) 
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Texas Marine science Institute at Port Aransas' under interagency contract with 
the Texas Department of Water ReSources (289). The objectives of the study 
were: 

(1) to survey the benthic and planktonic corimuni ties and their seasonal 
fluctuations in the Nueces and Mission-Aransas estuaries; 

• . (2) to determine the nutrient budget of these systems using. data col-
lected under the USGS cooperative program; . 

(3) to define the primary biological productivity of the systems for the. 
project period; and 

(4) to correlate nutrient supplies and primary producti vi ty of the 
estuarine system with seasonal freshwater inflows. 

Monthly data collected duri'ng the study inCluded hydrographic, benthic, 
and planktonic information from 30 sites in the Nueces and Mission-Aransas 
estuaries (Figures 7-2 and 7-3). Hydrographic parameters measured in this 
study included total water depth, water temperature, conductivity" dissolved 
oxygen, nutrients, turbidity, and PI. Nutrients included organic nitrogen, 
nitrate, nitrite,. amrronia, total phosphate, . orthophosphate, inorganic and 
organic carbon. 

Phytoplankton 

Data Collection 

, According to Holland et al. (289),' fi ve taxonomic divisions represented 
by 248 taxa were collected in the Nueces and Mission-Aransas estuaries from 
October 1972 through March 1975: Chrysophyta - golden-brown algae [157]; 
Pyrrophyta - dinoflagellates [45]; Chlorophyta - green algae [27]; Cyanophyta
blue-green algae [15]; and Eug1enophyta - eug1enoids [41. The dominant class 
was' the Chrysophyta, the diatoms, which accounted for 62 percent of the total 
nUJ1lber of phytoplankton species collected. The least abundant division, the 
Euglenophyta, is predominantly a freshwater group. 

Phytoplankton concentrations in a single sample from the Nueces and 
Mission-Aransas estuarine study ranged from 81,141,000 cells/l at site 64-10 
in Nueces Bay in October 1972 to 1~ cells/l at site 53-2 also in Nueces Bay 
in September 1973. The highest mean llOnthly standing crop for the study was 
20,308,300 cells/l which occurred in Nueces Bay in October 1972; the lowest 

'mean llOnthly standing crop, 1,700 cells/I, occurred in Copano Bay in November 
1972. Species diversity values exhibited a great deal of variability. For 
example, a diversity value of 4.04 was calculated for the May 1974 sample at 
site 147-5 in. Corpus Christi Bay; . the follooing llOnth the diversity value 
decreased to only 0.13. No blooming populations were observed in the May 
sample while an extremely large bloom (2,621,000 cells/I) of Oscillatoria sp. 
was observed in June 1974. In general, major blooms (greater than 20,000 
cells/I) caused extremely low species diversities; high diversity values were 
usually found in the absence of blooming populations. 

Mean standing crop values for Nueces and Corpus Christi Bays.fluctuated 
widely throughout the study period (Figure 7-4). The mean values in Corpus 
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Christi Bay, however, were generally higher than in Nueces Bay. The four 
sites in Copano Bay generally exhibited low standing crop values. Populations 
in Aransas Bay were generally greater than those in Copano Bay and similar to 
those of Nueces Bay. Blocrns of freshwater forms, especially Anabaena sp., 
Nostoc sp.', ChrooCoccus sp., Merismopedia sp. and others, were observed con
committant with lowering salinities. In general, patterns of extreme 
abundance were often followed within a month I s time by extremely depauperate 
condi tions. ' 

Results of Analyses 

Nueces arid Mission-Aransas estuarine phytoplankton densities observed 
during the University, of Texas Marine Science Institute study (289) were 
similar to values reported for other marine 'areas and estuaries of Texas. 
Average standing crops for the study period were 790,000 Cells/I in Nueces 
Bay, 276,000 cells/I in Corpus Christi Bay, 55,000 cells/I in Copano Bay, and 
100,000 cells/I in Aransas 'Bay. Moseley et al. (18) found phytoplankton 
densities of 730,000 cells/I in Cox Bay, while Espey, Huston and Associates 
(46) reported phytoplankton densi ties of 133,000 cells/I from Sabine Lake. 

Salinity and zooplankton predation exerted the most obvious influence on 
phytoplankton populations during this study. Salini ty regimes in each bay 
system resulted in distinctly different populations. Oscillatoria sp., 
Anabaena sp., Anabaenopsis sp., Merismopedia sp., coccoid and filamentous 
blue--green (algae, Stichococcus sp., and others were most often collected in 
the lower salinity bays, Copano and portions of Aransas and Nueces. Certain 
species in this group, including Oscillatoria sp., coccoid blue-greens, and 
Anabaena sp., have been found in Corpus Christi Bay in "lower than rormal" 
salinity regimes for that bay. Other species including Thalassionema 
nitzschoides, Thalassiosira sp., Chaetoceros affinis, C. cUrVisetus, C. 
compressus, and Nitzschia seriata were collected primarily-in higher salinity 
waters. Several "opportunistic" species such as Asterionell'a japonica, 
Skeletonema cos tatum, and to a lesser extent Trichodesmium sp. and Thalassio
thrix frauenfeldii, were observed in both high and low salinity waters. 

The ,regular decrease in phytoplankton populations in Corpus Christi Bay 
(and to a limited extent in Nueces Bay) in February-March throughout the study 
usually 'coincided with the springtime warming of the bay water. (This phe
nomenon was rot observed in Aransas or Copano Bays). According to Holland et 
al. (289), ,however, the tremendous depletion of phytoplankton populations was 
prpbably due to blooms of the zooplankton organism, Noctiluca scintillans, , 
rather than water temperature, per se. Tremendous phytoplankton blooms in 
Nueces and Copano Bays in September-0Ctober 1974 occurred as a result of 
decreased sal'inity and lowered levels of zooplankton grazing. 

Phytoplankton' species vary markedly in ability to withstand changes in 
salinity. Accurate halobion classification of most species found in the, 
Nueces and ,Mission-Aransas estuaries is impossible due to insufficient culture 
experimentation on salinity optima and tolerances. Chu (20) noted that al
though' celi division can continue' in freshwater' for most estuarine species, 
most freshwater species cannot grow in salinities exceeding 2 ppt. Foerster 
(55) found, however, that many freshwater species can resume growth after 
exposure to seawater if placed in a freshwater medium. 
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Estuarine plankton were divided by Perkins (178) into three romponents: 
"( 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" 
fran the parent populations; and (3) allochthonous populations, recently 
introduced fran freshwater or the open sea, are unable to propagate and have 
limi ted survival potential." The Nueces and Mission-Aransas estuaries 
apparently support phytoplankton populations derived from the entire" range 
described above. 

Water temperature is a major factor in phytoplankton distribution in many 
areas. Temperature acts directly by rontrolling the rates of metalx>lism and 
grCMth (154, 56) and the rates of photosynthetic and respiratory processes. 
Indirectly, the effects of temperature 00 predatory zooplankton populations, 
water movement (spring and fall turn overs), and water visrosity are extremely 
important to the maintenance and distribution of phytoplankton populations. 
The lack of visible direct effects on phytoplankton populations in the study 
area was attributed to the relative ronstancy of water temperatures through 
time. Holland et al. (289) reported that water temperatures generally fall 
between 15° C and 30° C in the Corpus Christi Bay region, with extreme low 
temperatures occurring during December, January, and February. Mean tempera
tures dropped belCM 15° C only during the first winter of the study." Indirect 
effects, especially the regular zooplankton "blooms," had significant effects, 
as described alx>ve, on phytoplankton standing crops in Corpus Christi and 
Nueces Bays. Temperature effects on water viscnsity and nutrient enriching 
turnovers in the study area were negligible due to the shallowness and the 
wind-driven hydrodynamic aspects of "the bay waters. 

Zooplankton 

Data Collection 

Acrording to Holland et al. (289), a total of 319 zooplankton organisms 
representing 16 phyla were identified during the "30-month study. The most 
praninent phylum was the Arthropoda, which acrounted for 73 percent of the 
organisms identified. The chordates acrounted for eight percent, the annelids 
for five percent, and the rotifers for three percent. The remaining 12 phyla 
(including four miscellaneous organisms) acrounted for 11 percent. The fresh
water zooplankton assemblages included such organisms as" the cyclopoid rope
pods of the genus Cyclops and cladoceran water fleas of the genus Daphnia. 
The brackish or estuarine species were ro!llllOnly represented by the calanoid 
copepods Acartia tonsa and Paracalanus crassirostris, "or the cyclopoid ropepod 
Oithona sp. Marine species from the neritic Gulf waters were represented by 
the calanoid ropepods CentroIJaQes" harnatus and Labidocera aestiva, the bio
luminescent dinoflagellate Noctlluca scintillans, and the dlOrdate larvacean 
Oikopleura. 

Mean monthly zooplankton standing crops in Nue~s Bay ranged from 7,186 
to 10,373 individuals/m3 "during 1972 (beginning in October), from 832 to 
6,411,456 in 1973, from 1,509 to 8;027,855 in 1974, and from 12,375 to 44,546 
in 1975 (through March). Ranges in Corpus Christi Bay were 1,722 to 81,195 
individuals/m3 in 1972, 4,467 to 53,657,037 in 1973, 4,694 to 10,190,122 in 
1974, and 20,640 to 431,488 in 1975. Copano Bay mean standing crops ranged 
fran 5,724 to 7,813 individuals/m3 in 1972, 2,758 to 53,536 in 1973, 1,296 
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to 19,470 in 1974, and 6,383 to 12,938 in ,1975. Values in Aransas Bay ranged 
fran 2,497 to 14,473 individuals/m3 in 1972,' 2,531 to 36,156 in 1973, 6,282 
to 3,008,679 in 1974, and 8,091 to 14,637 in 1975. 

Zooplankton populations illustrated greater seasonal fluctuations than 
did phytoplankton. Peaks in standing crops were observed during the early 
spring each year of the study. Mean monthly densities shCMed tremendous 
variation - up to two orders of magnitude - over short periOds of time. The 

'.mean monthly density for all stations ranged from 3,791 individuals/m3 in 
January 1973 to'14,183,963 individuals/m3 in March 1973. 

Standing crops of brackish water-marine zooplankton and freshwater zoo
plankton at stations 38-2 (Nueces Bay), 200-2 (Corpus Christi Bay), and 44-2 
and 54-3 (Copano Bay) were apparently directly affected try salinity manges. 
Other stations were affected by freshwater inflCM, but these four stations 
were closest to sources of freshwater inflCM. Table 7-1 illustrates the 
effects of salinity changes on brackish water~rine zooplankton' and fresh
water zooplankton at these selected stations from April 1974 through March 
1975. Decreases in standing crops of brackish water-marine zooplankton ·and 
increases in freshwater zooplankton resulted from major influxes of freshwater 
in Nueces Bay at statio~ 38-2 in August and September 1974 and in Copano Bay 
at stations 44-2 and 54-3 in September 1974. Conversely, salinity increases 
at stations 44-2 and 54-3 in November 1974 prOduced increased numbers of 
brackish water-marine zooplankton. 

Although some species were found during certain seasons or only in a 
certain bay system, a number of organisms occurred throughout the study periOd 
in all areas. Some of the common species included Acartia tonsa, Paracalanus 
crassirostris, Oithona spp., PseudOdiaptanus coronatus, and barnacle nauplii. 

Acartia tonsa was the dominant zooplankton in the system. This species 
was nearly ubiquitous throughout the salinity/temperature ranges. The lowest 
catches, hCMever, occurred during periOds of low salinity. Paracalanus 
crassirostris populations were apparently restricted from becoming established' 
in large numbers in Nueces and Copano Bays because of the' low salinities. 
Comparable numbers occurred in Corpus Christi and Aransas Bays with ro 
seasonal preference indicated. Oithona spp. exhibited a preference for the 
warmer months of spring and' surrnner in Copano and Aransas Bays. This seasonal 
pattern was rot evident in Nueces and Corpus Christi Bays, indicating the 
probable presence of a mixture of species with different temperature pre
ferences. The warmer months of spring, summer, and fall prOduced the highest 
catches of PseudOdiaptanus coronatus, indicating perhaps that reprOduction is 
induced try warmer temperatures. Barnacle nauplii were abundant throughout the 
year with greatest catches occurring during the colder months. 

Neritic species 'which appeared in the estuaries on a seasonal schedule 
included such species as Centropages velificatus, C. hamatus, and Noctiluca 
scintillans. Temperature and to a lesser degree, salinity, acted to separate' 
the ecological niches of C. velificatus and C. hamatus. A warm water, 
stenohaline species, C. veiIficatus, was collected primarily in lower Corpus 
Christi and Aransas Bays in October 1972, May - November 1973, April-December 
1974 and March 1975. The cooler water, euryhaline species, C. hamatus, 'was 
collected throughout the systems from November 1972-April -1973, December 
1973-March 1974, and November 1974-March 1975. The seasonal occurrence of N. 
scintillans was apparently associated with cooler temperatures of winter and 
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Table 7-1. Effect of Salinity Changes, on Zooplankton Standing Crop ~ 
at Selected Stations (289). 

Nueces Bay Corpus Christi Bay 
Station 38-:-2 : Station 200-2 
: Brackish- : : Brackish- : 

: Salinity Marine Freshwater: Salinity Marine : Freshwater 
(ppt) : Zooplankton: zooplankton: (ppt) : Zooplankton: Zooplankton 

Apr. 1974 17.40 36,093 0.0 25.30 12,541 0.0 
May 1974 12.00 6,747 0.0 25.00 3,436 0.0 
June 1974 13.40 17,551 0.0 26.00 15,083 0.0 
July 1974 19.30 3,028 0.0 29.00 5,330 0.0 
Aug. 1974 0.40 1,565 3,680.0 35.20 21,043 0.0 
Sept. 1974 0.20 168 3,867.0 28.70 34,327 0.0 
Oct. 1974, 10.90 2,480 0.0 29.20 8,110 0.0 
Nov. 1974 17.10 1, 181 0.0 21.30 3,895 0.0 
Dec. 1974 5.50 435 8.0 25.40 1,373 0.0 
Jan. 1975 15.20 1,721 1.0 27.20 8,257 0.0 
Feb. 1975 14.10 1,178 0.0 33.60 226,795 0.0 
Mar. 1975 17.00 9,280 0.0 31.00 28,388 0.0 

Copano Bay 
Station 44-2 Station 54-3 

: Brackish- : Brackish 
Salinity: Marine : Freshwater . Salinity Marine : Freshwater 

(pet)- : Zooplankton: Zooplankton: (pet) : Zooplankton: Zooplankton 

Apr. 1974 9.40 10,890 0.0 9.00 7,100 0.0 
May 1974 6.50 14,994 1.0 11. 50 3,814 0.0 
June 1974 5.90 4,177 21.0 8.60 10,427 0.0 
July 1974 8.80 6,386 0.0 9.30 16,298 0.0 
Aug 1974 11 .• 50 1,802 0.0 11.50 5,338 0.0 
Sept. 1974 0.20 104 1,708.0 0.40 176 1,319.0 
Oct. 1974 4.20 388 0.0 6.20 9,923 0.0 
Nov. 1974 6.40 10,565 0.0 6.5 35,055 0.0 
Dec. 1974 5.10 17,973 20.0 5.00 7,488 0.0 
'Jan. 1975 7.60 5,078 ' 2.0 8.0 10,209 0.0 
Feb. 1975 9.70 4,191 1.0 11.20 20,904 0.0 
Mar. 1975 10.60 8,390 0.0 10.20 11,702 0.0 

Y Counts are individualsjii13 
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spring. Greatest concentrations were oollected in Corpus Christi and lower 
Nueces and Aransas Bays. Populations in upper Nueces, Copano, and Aransas 
Bays were restr'icted due to 'low salinities. 

Results of Analyses "'.' 

Est;uarine zooplankton actually represent two separate categories: the 
holciplankton 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 o:insist of animal 
species whose earliest life stages are planktonic but· are otherwise not oon
sidered to be plankton (e.g., ·larval stages of barnacles, oysters, Shririp, 
crabs,· and fish). 

Many zooplankton species found in. the Nueces.and Mission-Aransas estuar
iesare widely distributed along the ooasts of the united States, 'while others 
may even have a W9rld wide distribution. For example, Green (62) reports that 
Acartia tonsa may be found in the Central Baltic Sea area; Centropages harnatus 
has been oollected in British waters and in the Gulf of Bothnia in the Baltic 
Sea; and Brachionus quadridentata is also known 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 Holland study. Holland et al. 
(289) reported that naupliar larvae and calanoid oopepods were the dominant 
.zooplankton forms in the Nueces and Mission-Aransas estuaries. This study is 
in agreement with zooplankton studies oonducted by James (350) and Espey, 
Huston and Associates (46) in Sabine Lake, Gilmore et al. (257) in Lavaca Bay, 
and Matthews et al. (255) in San ·Antonio Bay. Maximum and minimum mean rronth
ly densities in the Nueces and Mission-Aransas estuaries were also similar to 
results .. from the studies mentioned above ,(Table 7-2). 

Holland et al. (289) found that terrperature and salinity were. the two 
most important' factors regulating the. species oorrposition, seasonal occur
rence, and distribution of zooplankton populations in the Nueces and Mission
Aransas estuaries. The ecological niches for zooplankton are such that opti
mal oonditions for growth and. survival OCcur 'at different tirriesduring the' 
year for different species. Optimal oonditions for a given species result in 
high nunibers of individuals. for that species as long as favorable oonditions .. 
last. If oonditions are favorable for more than one species at the same time, 
the dominant or more oorrpetitive species will be found in the highest numbers 
followed by smaller increases in populations of the other species involved. 

Freshwater inflow can influence zooplankton in several ways. Estuarine 
zooplankton standing crop oomposition Can be altered by importation of fresh
water species. Inflow can also transport zooplankton food resources into the 

'system in the form of phytoplankton and detritus; however, ,zooplankton oom
muni ties may also be adversely affected by increased river inflowS. Sudden 
shifts in salinity and flushing out of autochthonous populations can decrease 
zooplankton standing crops. Perkins (178) reports that the primary factor 
influencing the oomposition and abundance of estuarine zooplankton is develop
ment rate versus flushing time. In addition, Holland et al. (289) found that 
freshwater inflow/salinity changes had a direct effect on the standing crop of 
brackish water-marine zooplankton in adjacent estuari~e systems of the Corpus 
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Table 7-2. Range of Mean Monthly Zooplankton Densities ( indi viduals/m3 ) 

---,-'------- -----: 
System : Minimum Maximum 

: ---- --"---

Nueces BaX' \ 289) 832 (Oct. 1973) '8,027,855 (Feb. 1974 ) 

Corpus Christi, Bay ( 289) 1,722 (Dec. 1972) 53,657,037' (Mar. 1973) 

Copano Bay (289) 1,296 (Sept. 1974) 53,536 (Feb.' 1973) 

Aransas Bay ( 289) 2,497 (Dec. 1972) 3,008,679 (Feb. 1974) 

Sabine Lake ( 46) 381 (Apr. '1975) 20,042 (Oct. 1974 ) 

Lavaca Bay (257) 1,980 (Oct. 1973) 27,846 ( Feb.~ 1974) 

San Antonio Bay (255) 820 (June 1973) 46,296 (Feb. 1973) 
I 

---------------------------------------- ---------- - ----
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Christi Bay romplex. In all cases the result was the same, a decrease in the 
standing crop of brackish water-marine zooplankton and an increase in fresh
water zooplankton whenever inflows were great and salinities depressed. 
Saltwater intrusions, on the other hand, act to (1) transport marine zOoplank
ton into the system; (2) transport marine phytoplankton as a food source; and 
(3) increase salinity. 

Benthos 

Data Collection 

According to Holland et al. (289), 395 benthic species representing 14 
phyla were collected from sediment samples during the· 30-month study. 
Invertebrates accounted for 379 species. The remaining 16 taxa included one 
hemichordate, two urochordates, one cephalochordate, and 12 chordates. The 
most prominent phylum was the Annelida which accounted for 32 percent (126 
taxa) of the species identified. The Mollusca and the Arthropoda each ac
counted for 29 percent, and the remaining 11 phyla accounted for 10 percent. 

The most prominent group of organisms, numerically, spatially, and 
temporally, collected during the study were the polychaetes, phylum Annelida. 
One hundred twenty-six polychaete species were collected, 40 of which had not 
been previously reported from the study area. The most abundant polychaete, 
Mediomastus californiensis, was ubiquitous throughout the study area. Other 
polychaetes that were practically ubiquitous were Streblospio benedicti, 
Prionospio pinnata, Cossura delta, Glycinde solitaria, and Gyptis vittata. 

The second most taxonomically diverse phylUm was the Mollusca. Of the 
114 taxa enumerated, 68 were pelecypods, 44 were gatropods, one was an 
amphinurian, and one was a scaphapod. In general, although the molluscs were 
taxonomically diverse, they were not numerically abundant. Mulinia lateralis, 
Lyonsia hyalina floridana, and Macoma mitchelli were the most abundant 
pelecypods. The gastropods were never numerically dominant. 

The phylum Arthropoda was represented by 112 taxa, of which 108 were 
crustaceans. Three insect species were collected; however, these were thought 
to be "accidentals" brought in by freshwater inflow. The amphipods and 
decapods romprised the bulk of the arthropods, both taxonomically and 
numerically. Only limited numbers of copepods, mysids, barnacles, cumaceans, 
and isopods were collected. 

The mean monthly number of benthic organisms collected per 0.5 ft3 
sample ranged from 67 (December 1973) to 3,081 (April 1973) in Nueces Bay, 
from 148 (October 1973) to 1,368 (December 1972) in Corpus Christi Bay, from 4 
(November 1972) to 1,302 (December 1974) in Copano Bay, and from 22 (October 
1972) to 364 (January 1975) in Aransas Bay. Copano Bay generally had the 
lowest mean monthly standing crops of the four bay systems studied. Aransas 
Bay sites were among the least variable in mean monthly standing crops through 
time. For the total project period, Corpus Christi Bay had the highest mean 
monthly standing crop values followed by Nueces, Aransas, and Copano Bays, in 
that order (Figure 7-5). According to Holland et al. (289), Corpus Christi 
and Nueces Bays also exhibited the highest sPecies diversity while Copano Ray 
had the lowest. 
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Figure 7-5, Mean Monthly Benthos Densities in Nueces and 
Mission-Aransas Estuaries, November 1972-March 1975 
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Holland et al. (289) performed cluster analysis of 104 selected benthos 
species in each of the two major bay areas (Copano-Aransas and Corpus 
Christi-Nueces) for the period, October 1972 - December 1974. From the 
analysis it became readily awarent that the two bay regions were distinctly 
different in the clusters of organisms inhabiting them. Less well-defined 
clusters appeared in the Copano-Aransas Bay system, although' each bay system 
exhibited a unique group of organisms that was m::>re or less ubiquitous through' 
space and time. In the Corpus Christi-Nueces Bay system, this group included 
the polychaetes Mediamastus californiensis, Streblospio benedicti, Prionospio 
pinnata, Glycinda solitaria, ~tis vittata, and Cossura delta. The m::>lluscs 
Mulinia lateralis, Lyonsia hya11na floridana and the rhynchocoel Cerebratulus 
lacteus were often clustered, with this group. The Copano-Aransas Bay system 
exhibited a smaller, less ronsistent, and "less ubiquitous" group which most 
often rontained the polychaetes Medianastus californiensis and Streblospio 
benedicti. Several other polychaetes were sporadically grouped with this 
cluster to form a "nearly" ubiquitous group. 

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 diversity fluctuations are often investigated 
in order to demonstrate natural or man-made changes which can upset eoological 
balances. Further, it is known that the biomass of benthic fauna increases as 
the general productivity of an estuarine eoosystem increases (62). 

The benthic invertebrates of the South Texas estuaries romprise a rich 
and diverse fauna, inrorporating Gulf, southern Atlantic and sub-tropical 
fauna. ' A large number of benthic species were recorded for the first time 
along the Texas roast; hCMever, the romposition of the benthic fauna from this 
study was similar to that of other studies along the Texas roast (289). 
Polychaetous ann~lids romprised 32 percent of the faunal list. Molluscs and 
arthropods each romprised awroximately 30 percent of the benthic organisms 
found during the study. 

Harper (216) studied the distribution of benthic organisms in undredged 
control areas of San Antonio Bay and found an almost logarithmic decrease in 
benthic populations with increased salini ty. Holland et al. (289) a,lso found 
this to be true in Nueces Bay where an inverse relation was found between 
salinity and standing crop. On the other hand, Harper (216) found that 
increases in benthic populations, associated with decreased salinity, were 
attributed to increased inflCM of water-oorne nutrients because benthic 
organisms like Rangia cuneata and Littoridina sphinctostama are known to spawn 
in response to increased nutrients and rapid decreas~s in salinity. Gilmore 
et al. (257) reported that benthic populations in Lavaca Bay were not signifi
cantly related to freshwater inflCMs; hCMever, significant relationships were 
disrovered between benthos, and such hydrological parameters as ,bottom 
salinity, turbidity, total carbon, organic nitrogen, and nitrate. 

Although monthly benthos standing crop values were generally influenced 
by salinities, sediment type was also found to be a major factor affecting 
benthic invertebrates.' This was demonstrated most dramatically when site 
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122-12 in Corpus Christi Bay was rroved off the shell pad at the marking oil 
well after 3 rronths of rollecting. NUmbers of species and standinq cror:s roth 
noticeably declined. Many species including Pomatholeios kraussi, Petro
listhes armatus, Nereis succinea, Stauronereis rudolphi, Rhithropanopeus 
harrissi, Panopeus herbstii, and Eurypanopeus depressus were not: rollected 
subsequently at that site. 

Holland's cluster analysis revealed two "qroups" of benthic organisms: 
those with little or no limi tat ions on the distribution (the ubiquitous ann 
sub-ubiquitous groups) and those, with environmental limitations, primarily 
substrate and salinity. '!he latter group of organisms included those (1) 
consistently found in or on oyster clumps, (2) requiring a shelly substrate, 
and (3) able to ,survive without large amounts of shell. The sediment type 
partially masked the, lesser effects of salinity. For example, most specimens 
collected in the high salinity areas of the bays were found on a shelly sub
strate. Since there was rrore than one type of substrate at the lower bay 
sites, it was not clear which factor, salinity or substrate, rontrolled the 
organisms' occurrence. In general, Holland found that standing crops were 
directly related to salinity. Larger populations and greater diversities were 
acccmpanied by higher salinities. Conversely, lowered salinity regimes fol
lowing flood events yielded lower standing cror:s and diversities. 

Summary 

The rommunity romposition, distribution, density, and seasonality of the 
phytoplankton, zooplankton, and benthic invertebrates of the Nueces and 
Mission-Aransas estuaries were employed as "indicators" of primary and 
secondary productivity. The estuarine rorrrnunities identified are typical in 
that they are romposed of freshwater, marine, and a mixture of endemic species 
( i. e., species restricted to the estuarine zone). 

Five phytoplankton divisions representer1 by 248 taxa were collected from 
the Nueces and Mission-Aransas estuaries. '!he rrost taxonomically dominant 
class was the Chrysophyta, the diatoms, which accounted for 62 percent of the 
total number of phytoplankton species rollected. Salinity and zooplankton 
predation exerted the rrost obvious influence on phytoplankton populations 
during this study. Salinity regimes in each bay system resulted in distinctly 
different populations. 

A total of 319 zooplankton taxa representing 16 phyla were identified 
during the 3D-month study. The Arthropoda accounted for 73 percent of the 
organisms identified. Holland et al. (289) found that temperature and salin
i ty were the two rrost important factors regulating the species composition, 
seasonal occurrence, and distribution of zooplankton populations. 

Fourteen phyla represented by 395 benthic species were collecten from the 
Nueces and Mission-Aransas estuaries. The polychaetes', P1ylum Annelida, were 
the rrost' prominent group of organisms collected. In general, Holland found 
that standing crops were directly related to salinity. 

The phytoplankton, zooplankton, and benthic assemblages in any body of 
water respond to a seasonal combination of P1ysical, chemical, and biological 
controlling factors; thus, it is difficult to single out the influence of any 

VII-16 



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 [ilysical and chemi
cal requirements for that particular assemblage are met. If freshwater inflow, 
is decreased, either partially or totally, the community composition will 
merely shift toNard the neritic or marine (polyhaline and euryhaline) forms •. 
The primary question, then, is heM 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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CHAP'l'ERVIII 

FISHERIES 

Introduction 

Virtually, all {97.5 percent} of the coastal fisheries species are con
sidered estua;-ine-dependent(76). Dtlring the five' year period, 1972 through 
1976, Commercial landingll of' finfish and shellfish' in Texas average 97.3 
million pounds (44.2 million kg) annually (373-377). Approximately 75 percent 
of the 'harvest was taken offshore in 'the Gulf'of Mexiro and the remainder was 
taken inshore"in the bays and estuaries. Computed on the basis of 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 distripution 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 land
ings, 60 percent of white shrimp landings, and' 95 percent of brCMn and pink 
shrimp landings.' 

, with respect to the 1972 through 1976 commercial Texas bay landinqs, bays 
of the Mission-Aransas estuary contributed an average 14.6 perCent of finfish 
landings and 12.9 percent of shellfish landings, while bays of the Nueces 
estuary contributed an average 10.7 percent of finfish landings and 4.7 per-, 
cent of shellfish landings. Since the Gulf inlet, Aransas Pass, serves as the 
major migrational route for coastal fisheries species dependel)tupon these 
estu<:lries, they can be considered together in terms of their contribution to 
the 'fisheries harvest. Thus, the combined estuaries contributed 25.3 percent 
of finfish landings and 17.6 percent of Shellfish landings in Texas bays. By 
comparison, the largest Texas estuary, the Trinity-San Jacinto estuary, con
tributed an average 11.0 percent of ,finfish landinqs 45.4 percent of shellfish 
landings from Texas bays during the same period (232). 

Based on the five year inshore-offshore commercial landings distribution, 
the average contribution of the Mission-Aransas estuary to total Texas commer
cial landings is es'timated at 1,,101,500 pounds (499,600 kg) of fish and 
11,584,000 pounds (5.3 million kg) of shellfish annually. In addition, the 
commercial fish harvest has been estimated to account for approximately 52.9 
percent of the total fish harvest in the estuary, with the remainder (47.1 
l)ercent) going to the sport or recreational catch (259). Thus, an additional 
980,800 pounds (444,900 kg) of sport catch can be computed which raises the 
estimated average annual fish harvest contribution from the estuary (both 
inshore and offshore) to 2,082,300 pounds (944,500 kg). The averaqe harvest 
contribution of all fisheries species (fish ,and shellfish)' dependent on the 
estuary is therefore estimated at 13.7 million pounds (6.2 million kg) annual-
ly. ' " 

Similarly, the average cOntribution of the Nueces estuary to total Texas 
carnnercial landings is estimated at 809,000 pounds (367,000 kq) of fish and 
4,249,500 pounds (1.9 million kg) of shellfish annually. In addition, the 
carnnercial fish harvest has been estimated to account for 49.9 percent and the 
sport harvest' 50.1 percent 'of the tOtal 'fish harvest in the estuary (260). 
Thus, an additional 812,300 pounds (368,SOO kg) of sport catch can be computed 
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which raises the estimated average annual fish harvest rontribution from the 
estuary to 1,621,300 pounds (735,400 kg). The average harvest rontribution of 
all fisheries species (fish and shellfish) from the 'estuary is therefore 
estimated at 5.9 million pounds (2.7 million kg) annually. Taken together, 
the Nueces and Mission-Aransas estuaries are estimated to rontribute to an 
annual harvest of about 19.6 million pounds (8.9 million kg) of fish arYl 
shellfish dependent upon these estuarine systems. 

Previous research has described the general ecology, utilization and 
management of the roastal fisheries (321, 264, 158, 156, 71, 194, 190), and 
has provided information on Texas tidal waters (303, 308, 378, 180) and the 
relationship' of freshwater inflow to estuarine productivity (395). 'Also, 
prior studies in the Nueces and Mission-Aransas estuaries have included the 
erology of Corpus Christi bay (171), sainpling of fish stocks and macro
invertebrates in Redfish and Corpus Christi bays ( 317, 302, 299) , brine 
stressed areas in Mission River and Aransas Bay (247) and in Chiltipin Creek 
and upper Copano Bay' (162), sUJnITier fish diversity in Aransas Bciy (161), and 
freshwater needs of fish and wildlife resources in the Nueces-Corpus Christi 
bay area (95). The importance of the maior Gulf inlet, Aransas Pass, has been 
investigated with respect to tidal exchanges (201) and the seasonal migrations 
of estuarine-dependent organisms (297, 27, 104, 28). In particular, Copeland 
(297) considered a very ronservative estimate of the protein-rich biomass of 
organisms produced in the highly productive bays served by the inlet to 
approximate 256.8 million pounds (116.5 million kg) annually or 514 pounds 
(233 kg) per acre, computed on the basis of one-half million acres of bay 
habitat involved. Additionally, an experimental methodology for investigating 
freshwater inflow requirements has been developed and applied to the Corpus 
Christi bay system using the spotted seatrout (Cynoscion nebulosus) as the key 
management species (281,124). However, multivariate equational models of 
fisheries production from several important species as a function of the 
effects of seasonal freshwater inflows have not been previously ronstructed. 

Data and Statistical MethOds 

Direct analysis of absolute fisheries biomass fluctuations as a function 
of freshwater inflow is not possible. Accurate biomass estimation requires 
either ronsiderable experimental calibration of current samplinq methods (118) 
or the development and application of higher technoloqies such as ,the use of 
high resolution, romputer interpreted, sonar soundings for estimation of 
absolute fish abundance (34). Therefore, some indirect or relative measure of 
the fisheries must be substituted in the analysis. In terms of measurement, 
preClSlon is a major ronsideration of ' relative estimates, while accuracy is of 
paramount importance to absolute estimates of abundance (118). 

Prior research has demonstrated 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 pro
duction (97, 79, 78, 352, 211, 210). Therefore, rorrrnercial harvest can be 
useful as a relative indicator of fisheries abundance, especiallv if the har
vest is not critically limited below the production available for harvest on a 
lonq-term basis (Le., the surplus production) by market ronditions. Similar
ly, annual harvest fluctuations can provide relative estimates of the 
fisheries biomass fluctuations occurring from year to year. In Texas, rom
mercial harvest data are available from the Texas Landings publications (380-
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386, 370-377) which report inshore harvests from the various 'bays and 
offshore, harvests from the Gulf of Mexico. Since the offshore harvests repre
sent 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 Mission-Aransas, Nueces, and 
canbined estuaries are tabulated for several important fisheries components 
(Tables 8-1, 8-2, and 8-3). By using harvest data since 1962, data incon
sistencies with earlier years and problems of rapidly increasing harvest 
effort as the conrnercial 'fisheries developed in Texas are avoided. For 
example, landings data for the'penaeid shrimp fishery are better than for most 
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 incanplete 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 report~ 
ing procedures were not fully standardized until the eaily 1960' s, and since 
earlier harvest records are inconsistent, the fisheries analysis utilizes the 
more reliable records available from 1962 to 1976. This 15-year interval 
includes both wet, and dry climatic cycles and is sufficiimt 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 Micropogon undulatus Linnaeus), black drum 
(pogonias cromis Linnaeus), red drum or redfish (Sciaenops ocellata Linnaeus), 
flounders (Paralichthys spp., mostly P. lethostigma Jordan and Gilbert), sea 
catfish (Arius felis Linnaeus), spotteCiseatrout (Cynoscion nebulosus Cuvier), 
and sheepshead (Archosargu's probatocephalus Walbaum). Similarly, the shell
fish component refers to the 'blue crab (Callinectes sapidus Rathbun), American 
oyster (Crassostrea virginica Gmelin), white shrlmp (Penaeus setiferus 
Linnaeus), and brown and pink shrimp (Penaeus aztecus Ives and P. duorarum 
Burkenroad, mostly P. aztec'us). Other fisheries components are 9lven as a 
single species or ,species group of interest. 

Freshwater inflow to the estuaries is discussed in Chapter IV and is 
tabulated here on the basis of six analytical categories: (1) freshwater 
inflow from Mission and Aransas rivers (FINMA) contributed to the Mission
Aransas estuary (Table 8-4), (2) combined freshwater inflow to Mission-Aransas 
estuary (FINCma) from all contributing river and coastal drainage basins 
(Table 8-5), (3) freshwater inflow at Nueces delta (FINND) contributed to the 
Nueces·estuary (Table 8-6), (4) combined freshwater inflow to Nueces estuarv 
(FINCn) from all, contributing river and coastal drainage basins (Table 8-7), 
(5) freshwater infloW from Mission, Aransas, and Nueces rivers (FINMAN) con
tributed to Mission-Aransas and Nueces estuaries when they are considered 
together as an interrelated estuarine area (Table 8-8), and (6) combined 
freshwater 'inflow to Mission-Aransas and Nueces estuaries (FINeman) from all 
contributing river and coastal drainage basins (Table 8-9). 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 pro
duction involve intricate and imperfectly understood physical, chemical, and 
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Table 8-1. Commercial Fisheries Harvests in the Mission-Aransas Estuary~, 1962-1976 (370~377, 380-386) 

Commercial Fisheries Harvests (thousands of pounds) 
White :Brown & pink: Blue Bay Spotted Red Black 

Year :Shellfish b/: Shrimp Shri!!)E Crab Oyster Finfish c/: Seatrout Drum Drum 

1962 2054.1 249.9 195.7 1605.4 3.1 716.0 335.8 112.3 173.1 
1963 482.1 279.3 76.9 125.2 0.7 856.8 360.7 104.4 286.9 
1964 886.8 592.3 182.2 112.3 0.3 d/ 548.7 185.3 69.3 171.4 
1965 985.3 723.1 222.6 39.6 0.3 ~ 548.6 187.0 64.3 180.7 
1966 823.9 320.8 482.9 19.3 0.9 465.3' 134.4 88.7 65.7 
1967 647.5 252.4 235.7 155.6 3.8 291.2 110.8 55.3 57.4 
1968 1955.1 1736.6 12.7 197.5 8.3 448.9 199.0 105.6 59.7 
1969 1503.1 572.5 162.5 724.2 43.9 395.9 148.7 151.4 50.7 
1970 2325.3 1068.4 258.6 878.1 120.2 418.8 123.0 160.7' 77.8 
1971 1044.5 343.8 - 78.9 591.8 30.0 578.1 181.0 222.2 114.0 
1972 2609.6 1072.6 137.5 1338.9 60.6 654.3 228.1 264.1 91.7 

~ 
1973 3153.5 993.6 877.3 1272.7 9.9 672.0 225.5 229.2 129.0 
1974 2006.4 706.3 210~9 1079.3 9.9 674.5 202.5 244.0 i 18.4 

H 
H 1975 2089.0 625.1 559.0 892.5 12.4 . 673.1 152.8 282.0 118.1 
I ..,. 1976 2420.0 608.9 475.4 1318.8 16.9 1108.9 283.2 484.3 173.2 

Mean 1665.7 676.4 277.9 690.1 21.4 603.4 203.9 175.9 124.5 
+S.E. Y +210.1 +105.1 +58.9 +142.9 +8.4 +52.3 +19.0 +29.7 +16.5 

a;r-Estuary ranks fourth in shellfish and third in finfish commercial harvests of eight Texas estuarine areas 
h/ Includes blue crab, bay oyster, and white, brown, and pink shrimp , 
c/ Includes croaker, black drum, red drum, flounder, sea catfish, spotted seatrout, and sheepshead 
d/ No harvest data; minimum values estimated by curve fit 
~ Standard error of mean; two standard errors provide approximately 95 percent confidence' limits about the mean 
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Table 8-2. Commercial Fisheries Harvests in the Nueces Estuary 31, 1962-1976 (370-377, 380-386) 

Year :Shellfish b/: 

1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975· . 
1976 

Mean 
+S.E. 21 

395.4 
236.5 

·295.3 
567.2 
657.2 
514.7 
634.3 
479.8 
345.7 
203.9 

. 521.2 
1,263.3 

801.5 
1,057.8 

860.8 

589.0 
+78.0 

White 
Shrimp 

196.7 
95.8 

242.9· 
226.7 
469.9 
343.2 . 
633.7 
238.5 
206.8 

84.1 
397.0 
849.9 
320.3 
531.4 
395.8 

348.8 
+53.5 

Carmercial 
:Broom & pink: 

Shrimp 

115.5 
95.4 
52.4 

226.8 
187.3 
171.5 

0.6 
88.8 

138.9 
19.3 
53.5 

372.1 
154.9 
399.7 
341.3 

161.2 
+32~4 

Fisheries Harvests (thousands of pounds) 
BracK --- -Spotted Blue 

Crab Finfish c/: Drum : Seatrout· 

83.2 
45.3 

113.7 

152.5 

100.5 
70.7 
41 .1 

326.3 
125.7 
123.7 

118.3 el 
+25.7 -

77.3 
78.0 
563 
59.1 
78.5 

247.4 
111 .7 
91.7 

110.0 
193.8 
312.4 
611 .• 0 
744.7 
661.6 
549.4 

265.5 
+64.1 

8.0 
13.7 
18.5 
19.8 . 
24.8 

112.7 
42.2 
38.2 
26.2 
63.1 

102.9 . 
220.2· 
201 .. 1 
205.7 
161.7 

83.9 
+20.1 

12.0 
12.1 
15.7 
18.3 
19.2 
79.1 
48.5 
28.5 
36.6 
42.4 
88.9 

156.7' 
178.1 
129.9 
110;9 

65.1 
+14.4 

al Estuary-ranks- sixtn TnShellfish- andseventhl-nFirifish oomnerciar-harvests out or-eight Texas 
- estuarine areas 
bl Includes blue crab, and white, brown, and pink shrimp 

Roo 
Drum 

7.0 
6.4 
2.8 
2.6 

13.2 
25.4 
14.5 

.·16.7 
38.7 
72.6 

101'~'5 
153.3 
214.1 
167.6 
121.9 

63.9 
+18~2 

cl Includes croaker, black drum, red drum, flounder, sea catfish, spottOO seatrout, and sheepshead 
dl Standard error of the mean; two standard·errors provide approximately 95 percent confidence limits 
- about the mean . . 
el N = 10 years; for all other means N = 15 years 
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Table 8-3. Commercial Fisheries Harvests in the Nueces and Mission-Aransas Estuaries, 1962-1976 
(370-377, 380-386) 

White 
Commercial Fisheries Harvests (thousands of E2unds) 

Brown & pink : Blue Spotted Red Slack 
Year :Shellfish a/ Shrimp Shrimp : Crab Finfish b/: Seatrout Drum Drum 

• 

1962 2,449.5 446.6 311.2 1,688.6 793.3 347.8 119.3 181.1 
1963 718.6 375.1 172.3 170.5 933.6 372.8 110.8 300.6 
1964 1,182;1 835.2 234.6 112.3 E! 605.0 201.0 72.1 189.9 
1965 1,552.5 949.8 449.4 153.3 607.7 205.3 66.9 200.5 
1966 1,481.1 790.7 670.2 19.3 c/ 543.8 153.6 101.9 90.5 
1967 1,'162.2 595.6 407.2 . 155.6 c/ '538.6 . 189.9 80.7 . 170.1 
1968 2,589.4 2,370.3 13.3 197.5 E! 560.6 247.5 120.1 101.9 
1969 1,982.9 811.0 251.3 876.7 487.6 177.2 168.1 88.9 
1970 ,2,671.0 1,275.2 397.5 878.1 EI 528.8 159.6 199.4 104.0 
1971 1,248.4 427.9 98.2 692.3 771.9 223.4 294.8 177.1 

;S 1972 3,130.8 1,469.6 191.0 1,409.6 966.7 317.0 365.6 194.6 
H 1973 4,416.6 1,843.5 1,249.4 1,313.8 1,283.0 382.2 382.5 349.2 . 
H 
I 1974 2,807.9 1,026.6 365.8 1,405.6 1,419.2 380.6 458.1 319.5 a. 

1975 3,146.8 1,156.5 958.7 1,018.2 1,334.7 282.7 449.6 323.8 
1976 3,280.6 1,004.7 816.7 1,442.5 1,658.3 394.1 606.2 334.9 

Mean 2,254.7 1,025.2 439.1 768.9 868.9 269.0 239.7 208.4 
.:!:S.E.ij +265.5 +141.4. +88.8 +153.3 +98.9 +23.1 +44.7 +24:3 

a/ Includes blue crab, bay oyster, and white , brown, and pink shrimp 
'5/ Includes croaker, black drum, red drum, flounder, sea catfish, spottedseatrout, and sheepshead. 
c/ Harvest from Mission-Aransas estuary only 
~ Standard error of the mean; two standard errors provide approximately 95 percent confidence limits 

about the mean 



Table 8-4. Seasonal Freshwater Inflow Volumes from Mission and Aransas Rivers 
Contributed to Mission-Aransas Estuary, 1959-1976 . 

Seasonal Freshwater Inflow (thousands of acre-feet) 
Year winter Spring , Surroner 

Jan.-March ' April-June 'July-Aug. 

1959 14.1 21.9 1.0 
1960 12.0 48.0 7.0 
1961 65.1 12.9 6.0 
1962 0.0 15.0 0.0 
1963 0.0 0.9 0.0 
1964 0.9 2.1 29.0 
1965 20.1 23.1 0.0 
1966 3.9 170.1 14.0 
1967 . 0.0 9.9 9.0 
1968 8.1 168.0 23.0 
1969 68.1 24,9 3.0 

. 1970 9.9 78.0 5.0 .91 
1971 0.0 0.9 15.0 
1972 6.9 , 188.1 23.0 
1973 5.1 243.9 12.0 
1974 8.1 23.1 3.0 
1975 3.0 3.0 2.0 
1976 3.9 50.1 101.0 

Mean 3/' 12.7 60.2 ' 14.1 
+ S.E. +4.8 +18.1 +5.5 

a/ Hurricane Carla, Sept. 8 14; '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 

Autumn Late Fall 
Sept.~t. . : Nov.-Dec • 

33.0 2.0 
177.0 90.0 

6.0 !y 1.0 
14.0 4.0 

1.0 !y 1.0 
0.0 0.0 
1.0 . 5.0 
2.0 0.0 

796.0 EI 6.0 
13.0 2.0 
0.0 7.0 
3.0 0.0 

612.0 ry 6.0 
29.0 4.0 

279.0 Y 9.0 
182.0 10.0 

7.0 17.0 
55.0 98.0 

122.8 14.6 
+53.8 .:t6. 9 

:91 Standard error of mean; two standard errors provide approximately 95 percent 
confidence limits about the mean 
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Table 8-5. Seasonal Volumes of Combined Freshwater Inflow al Contributed to 
Mission-Aransas Estuary, 1959-1976 -

Seasonal Freshwater Inflow (thousands of acre-feet) 
Year 

1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975. 
1976 . 

Mean .!y 
+S.E. 

Winter 
Jan.-March 

44.1 
27.0 

203.1 
0.0 
2.1 
6.0 

30.0 
21.0 
3.9 

20.1 
105.1 
33.9 
3.0 . 

26.1 
9.0 

12.9 
5.1 
6.9 

31 • 1 
+11.7 

Spring :. Sl.DI1lIler 
April-June July-Aug. 

78.0 18.0 
132.9 23.0 
36.0 24.0 
21.0 2.0 
5.1 2.0 
9.9 75.0 

51.9 2.0 
393.9 22.0 

39.9 25.0 
579.9 73.0 

96.0 8.0 
195.0 21.0 !y 

9.0 33.0 
402.0 59.0 
467.1 26.0 
90.0 9.0 

6.9 8.0 
84.9 246.0 

150.0 37.6 
+42.7 +13.3 

Autumn' Late Fall 
Sept.-oct. Nov.-Dec. 

141.0 
518.0 

54.0 bl 
19.0 
3.0 cl 
7.0 -
8.0 
6.0 

1,463.0 dl 
37.0 -

5.0 
120.0 

1,070.0 if 
55.0 

554.0 91 
325.0 

32.0 
103.0 

251. 1 
+97.1 

5.0 
290.0 

4.0 
15.0 
4.0 
5.0 

20.0 
2.0 
8.0 
4.0 

44.0 
2.0 . 

37.0 
6.0 

12.0 
94.0 
25.0. 

224.0 

44.5 
+19.2 

a/ Includes inflow from all contributing river and coastal drainage basins 
"5/ Hurricane Carla, Sept. 8-14; near Port Lavaca' 
cl Hurricane Cindy, Sept. 16-20; near Port Arthur 
d/ Hurricane Beulah, Sept. 18-23; near Brownsvilie 
el Hurricane Celia, Aug. 3-5; near Port Aransas 
II Hurricane Fern, Sept. 9-13; near Port Aransas 
SI Hurricane Delia, Sept. 4-7;. near Galveston 
hi Standard error of mean; two standard errors provide approximately 95 percent 
- confidence limits about the mean 
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Table' 8-6. Seasonal Freshwater Inflow Volumes 'at Nueces Delta Contributed to 
Nueces Estuary, 1959-1976 

: Seasonal Freshwater Inflow (thousands of acre-feet) 
Year : winter Spring Summer 

Jan.-March April-0une July-Aug. 

1959 29.1 6.9 49.0 
1960 6.0 15.9 62.0 
1961 123.9 89.1 63.0 
1962 ' 3.9 2.1 2.0 
1963 3.0 3.9 4.0 
1964, , 0.0 0.9 3.0 
1965 93.0 203.1 4.0 
1966 2.1 263.1 ' 7'.0 
1967 2.1 3.9 7.0 
1968 272.1 303.9 29.0 
1969 6.0 8.1 1.0 
1970 32.1 242.1 15.0 ij 
1971 0.0 0.0 838.0 
1972 27.9 . ' 156.9 ' 5.0 
1973 2.1 255.0 123.0 
1974 39.9 12:9 61.0 
1975 20.1 201.0 65.0 
1976 0.0 63.0 187.0 

Mean .11 36.9 101.8 84.7' 
+ S.E. +16.0 +26.7 +45.8 ' 

a/ Hurricane carla, Sept. 8-14, 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 

Autumn Late Fap 
Sept.--{)ct. Nov.-Dec. 

265.0 18.0 
204.0 160.0 

9.0 ~ 4.0 
2.0 0.0 
1.0 E! 0.0 

186.0 18.0 
2.0 1.0 
2.0 2.0 

1,815.0 s/ 32.0 
15.0 0.0 
55.0 116.0 
3.0 1.0 

1,681.'0 V 95.0 
29.0 3.0 

557.0 Y 72.0 
171.0 17 .0 

10.0 0.0 
249.0 372.0 

292.0 50.6 
+129.6 +22.0 

~ Standard error of mean, two standard errors provide 
confidence ',limits about the mean' 

ajJproximately 95 percent , 
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Table 8-7. Seasonal Volumes of Combined Freshwater Inflow a/ Contributed 
to Nueces Estuary, 1959-1976. -

.Seasonal Freshwater Inflow (thousands of acre-feet) 
Year Winter Spring Summer Autumn Late Fall 

Jan.-March April-June July-Aug. Sept.-{)Ct. Nov.-Dec. 

1959 39.9 
1960 11. 1 
1961 141.0 
1962 9.9 
1963 9.9 
1964 6.0 
1965 99.9 
1966 12.0 
1967 12.0 
1968 281.1 
1969 17.1 
1970 42.0 
1971 12.9 
1972 44.1 
1973 12.9 
1974 50.1 
1975 30.9 
1976 12.9 

Mean .!:y 47.0 
+ S.E. +16.1 

24.0 
26.1 
99.0 
12.0 
12.9 
9.9 

213.0 
303.0 

20.1 
363.9 

24.9 
267.9 

12.9 
179.1 
290.1 
26.1 

227.1 
84.9 

122.1 
+29.2 

58.0 
69.0 
79.0 
9.0 

11.0 
11.0 
11.0 
16.0 
15.0 
52.0 
13.0 
50.0 e/ 

860.0 -
22.0 

133.0 
67.0 
77.0 

234.0 

91.4 
+47.4 

277.0 
244.0 

16.0 b/ 
7.0 -
7.0 c/ 

192.0 -
7.0 

10.0 
1,994.0 d/ 

23.0 -
63.0 
23.0 

1,756.0 Y 
44.0 

649.0 g/ 
177.0 -
34.0 

267.0 

321.7 
+138.9 

22.0 
205.0 

B.O 
4.0 
4.0 

22.0 
6.0 
9.0 

38.0 
7.0 

124.0 
9.0 

102.0 
11.0 
80.0 
22.0 
9.0 

389.0 

59.5 
+23.2 

a/ Includes inflow from all contributing river and coastal drainage basins 
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, Auq. 3-5, near Port Aransas 
I/ Hurricane Fern, Sept. 9-13, near Port Aransas 
9! Hurricane .Delia, .Sept. 4-7, near Galveston 
h/ Standard error of mean, two standard errors provide approximately 95 percent 
- confidence limi ts about the mean 
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Table 8-8. Seasonal Freshwater-'InflowVolU!r!es from NueCes, Mission' and Aransas 
Rivers Contributed to· Nueces and Mission-Aransas Estuaries, 
1959-1976 

Seasonal Freshwater Inflow (thousands of acre-feet) 
Year 

1959 
1960 
1961 ' 
1962 
1963 
1964 
1965 
1966 
1967-
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

Mean :y' 
+ S.E. 

Winter 
Jan.-March 

43.2 
18.0 

189.0 
3.9 
3.0 
0.9 

113.1 
6.0 
2.1 

280.2 
74.1 
42.0 
0.0 

34.8 
7.2 

48.0 
23.1 
3.9 

49.6 
+17.7 

. ,Spring 
April-June 

28.8 
63.9 

102.0 
17.1 ' 
4.8 
3.0 

226.2 
433.2' 

13.8 
471.9 
33.0 

320.1 
0.9 

345.0 
498.9 
36.0 

204.0 
113.1 

, 162.0 
+41.7 

':, Summer 
July-Aug. 

50.0 
69.0 
69.0 
2.0 
4.0 

32.0 
4.0 

21.0 
16.0 
52.0 

. , 

4.0 
20.0 d/ 

853.0 -
28.0 

135.0 
64.0 
67.0' 

288.0 

98.8 
+47.1 

a/ Hurricane Carla, Sept. 8 14; 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 

Autumn ' 
sept.-0ct. 

298.0 
381.0 

15.0 a/ 
16.0 -
2.0 b/ 

186.0 -
3.0 
4.0 

2,611.0 c/ 
28.0 -
55.0 
6.0 

2,293.0 !!I 
58.0 

836.0 f/ 
353.0 -

17.0 
304.0 

414.8 
+182.3 

, Late Fall 
Nov.-Dec. 

20.0 
250.0 

5.0 
4.0 
1.0 

18.0 
6.0 
2.0 

38.0 
2.0 

123.0 
1.0 

101.0 
7.0 

81.0 
27.0 
17.0 

470.0 

65.2 
+28.1 

31 Standard' error of mean;, two'standard 'errors provide approximately 95 percent 
confidence limits about the mean 
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Table 8-9. Seasonal Volumes of Combined Freshwater Inflow a/ Contributed to 
Nueces and Mission-Aransas Estuaries" 1959-1976 

Seasonal Freshwater Inflow (thousands of acre-feet) 
Year Winter Spring Summer Autumn Late Fall 

Jan.-March ~ __ ~~~~~~~~~A~p~r~i=l-J~u~n~e~~~J~u~l~y_-A~u~g~.~~_S~e~p~t~.~-OC~~t~.~~~N~O~V~.-~De~c~.~_ 

1959 84.0 102.0 
1960 38.1 159.0 
1961 344.1 135.0 
1962 9.9 33.0 
1963 12.0 18.0 
1964, 12.0 19.8 
1965 129.9 264.9 
1966 33.0 696.9 
1967 15.9 60.0 
1968 301.2 943.8 
1969 122.1 120.9 
1970 75.9 462.9 
1971 1~.9 21.9 
1972 70.2 581.1 
1973 21.9 757.2 
1974 63.0 116.1 
1975 36.0 234.0 
1976 19.8 169.8 

Mean h/ 77.7 272.0 
+ S.E-:- +22.8 +67.9 

76.0 
92.0 

103.0 
11.0 
13.0 
86.0 
13.0 
38.0 
40.0 

125.0 
21.0 
71.0 !y 

893.0 
81.0 

159.0 
76.0 
85.0 

480.0 

136.8 
+50.9 

418.0 
762.0 

70.0 !Y 
26.0 
10.0 :=/ 

199.0 
15.0 
16.0 

3,457.0 d/ 
60.0 
68.0 

143.0 
2,826.0 if 

99.0 
1,203.091 

502.0 
66.0 

370.0 

572.8 
+233.7 

27.0 
495.0 

12.0 
19.0 
8.0 

27.0 
26.0 
11.0 
46.0 
11.0 

161.0 
11.0 

139.0 
17.0 
92.0 

116.0 
34.0 

613.0 

104.0 
+40.5 

a/ Includes inflow 'from all contributing river and coastal drainage basins 
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 
~/ Hurricane Fern, Sept. 9-13; near Port Aransas 
g( Hurricane Delia, Sept. 4-7; near Galveston 
h/ Standard error of mean; two standard errors provide approximately 95 percent 
- confidence limits about the mean 
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biological pathways. "Mor~ver" a complete hypothesis does oot yet 'exist from 
which an accurate structua~ model can be constructed that represents the full 
spectrum of natural relationships. lisa. result; an alternativ~ analytical 
procedure must be used which provides a functional model;' that is, a procedure ' 
which permits estimation ,of harvest as a unique, function of inflow. In this 
case, the ,aim "is a niathematical description of relations arrong the variables 
as historically observed. Statistical regression proCedures are !lOst corrrnon 
and generally involve empirically fitting curves bya mathematical least 
squares criterion to an observed set of data, such as inflow and harvest 
records. Although functional model relationships do not necessarily have un-: 
ambiguous, biologically interpretable, meaning, they are useful, when they 
adequately desqdb<::> 'the relations arrong,'natural phenomena. Even after suffi-; 
cient ,scientific knowledge is aci:IUired, to construct a preferable structur'a~ 
model, it may not ,actually ,be a markedly, better predictor than' a functional 
model. Thus, scientists often employ functional models to describe natural 
phenanena while req:>gnizing that the relational equations may not or, do not 
represent the true and as yet unclear workings of nature. 

A time series analysis of the fisheries components from the Nueces and 
Mission-Aransas estuaries was performed utilizing the University of California 
bianedical (BMD) computer program for the stepwise multiple regression 
procedure (15). This statistical procedure computes a sequence of multiple 
linear regression equations in a stepwise, manrer. At each step, the 'next 
variable which makes, the greatest reduction ',in the sum of squares error term 
is added to the equation. Consequently, the best significant equation is 

,developed as the equation of highest 'multiple correlation. coefficient (r), 
greatest ,statisti.cal significance (F value), and lowest error sum of squares. 
A typical form of the harvest regression equation can be given as follows: 

Ht ,: a O + a 1 Ql,t-b
1
+ a2 Q2,t-b/ a3 Q3,t-b

3
+ a4 Q4;t-b/ a 5 Q5,t-b

5 
+ 

a Q + e 
,6 6,t"7b6 

where 'aO is the intercept harvest value, 
coefficients, .e is the oormally distributed 
and the regression variables are: 

a1 •.• a6 are partial regression 
error term with a mean bf zero, 

Ht = annual inshore harvest of a fisheries component in thousands 
of pounds at year t,' 

Q' • = winter season' (January-March) mean !lOnthly 
1, t-b1 thousands' of acre-feet at year t-b,-, where 

integer (Table 8-10), 

freshwater inflbw, in 
b1 is a positive 

Q = ,2,t-b
2 

Q = 3,t-b3 

Q = 4,t-b4 

spring season (April-June) mean !lOnthly freshwater inflow in 
thousandS of acre-feet at year t-b2,where_~ is a positive' 
integer' (Table 8-10), 

'summer'season' (July-August) mean !lOnthly freshwater inflow in 
thousands of acre-feet at year,t~b3' where bJ is a positive 
integer (Table 8-10), 

autumn season (September-october) mean !lOnthly freshwater inflow 
in thousands of acre-feet 'at year t-b4' where b4 is a 
positive integer (Table 8-10), 
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Q 5 t-b· , .5 
= late fall season (November-December) mean monthly freshwater 

.inflow in thousands of acre-feet· at year t-b5' where bs is a 
positive integer (Table 8-10), . 

Q . . = annual (January-December) mean monthly freshwater inflow in 
6,t-b6 thousands.of acre-feet at year t-b6' where ~ is a positive 

integer (Table 8-10) •. 

In sane cas.es the fisheries' component harvests appear to relate cur
vilinearly to freshwater inflow. Therefore, in order to permit continued use 
of the .. stepwise IlUlltiple linear regression procedure it is necessary to trans
form 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 afore
mentioned inclusive period 1962 through 1976, giVing 15 annual harvest 
observations for t1ie regression analysis. The independent variables 
(Ql ••• Q6) also result in 15 observations each; however, the time series is 
not necessarily concomitant with that of harvest and varies because of con
sideration 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 is appropriately chosen to take into 
account· the probable lagged effect, in time, of freshwater inflow upon pro
duction and subsequent harvest of a particular fisheries component (Table 
8-10) • This is a standard procedure since it has been long recogni zed that 
environmental factors affecting growth and survival of the young in critical 
developnental periods can shON their effect sane time later when the affected 
age-class matures and enters the commercially exploited adult population (67, 
152).' . Early articulation of this idea was put forth by the Norwegian fishery 
scientist Johan Hjort in 1914 (100) and it is rnw generally knONn as "Hjort's 
critical period concept." This suggests that the ultimate population effect 
of freshwater inflow is scmewhat delayed and can be potentially observed in 
annual harvest fluctuations of a fisheries component. 

A major caveat to regression analysis is that significant correlation of 
the variables does not, by itself, establish cause and effect (188). Based'on 
the equations alone, definite statements about the true ecological relation
ships among the variables cannot be made because of the inherent non-causal 
nature of statistical regression and correlation (67, 187). HONever, the 
hypothesis that freshwater inflON is a primary factor influencing the estuary 
and its production of estuarine-dependent fisheries is well-founded and rea
sonable considering 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. 
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Table 8-10. Time Series Alignments of Dependent/Independent Data Variates for Fisheries Regression Analysis 

H
t 

Fisheries Component 

Shellfish a/ 
All Penaeid Shrimp 
Whi te Shrirrp 
Brcwn '& pink Shrimp 

( 1962-1976) 

Blue Crab 
Bay Oyster 

( 1962-1976) 

Finfish b/ 
Spotted Seatrout 
Red Drum 
Black Drum 

( 1962-1976) 

Q 
1, t-b

1 
(Jan.-Mar. ) 

inflcw same 
year as 
harvest 

(1962-1976 ) 

inflcw 1-year 
antecedent 
to harvest 

(1961-1975) 

running 
average 

inflcw from 3 
antecedent -

years before 
harvest 

( 1959-1975) 

, : 
Q 
2,t-b2 

Q 
3,t-b

3 
(Apr.-Jun. ) (Jul.-Aug. ) 

inflcw same inflcw same 
year as year as 
harvest harvest 

( 1962-1976) (1962-1976 ) 

inflow 1-year inflow 1-year 
antecedent antecedent ' 
to harvest to harvest 

( 1961-1975) ( 1961-1975) 

running running 
average average 

inflcw from 3 inflcw from 3 
antecedent antecedent 

years before years before 
harvest harvest 

( 1959-1975) (1959-1975) 

aTillcIucIes-bluecral);-fuyoysfer, andwl1ite, brcwn, and pink shrimp 

Q 
4,t-b4 

Q 
5,t-b

5 
(Sep.-{)ct. ) (Nov.-Dec. ) 

inflcw same inflcM I-year 
year as' antecedent to 
harvest harvest 

(1962-1976) (1961-1975) 

inflow 1-year inflow 1-year 
antecedent antecedent 
to harvest to' harvest 

(1961-1975) (1961-1975) 

running running 
average average 

inflcw from 3 inflcw from 3 
antecedent antecedent 

years before years before 
harvest harvest 

(1959-1975) (1959-1975) 

§I includes croaker, black drum, red-drum,' flounder, sea catfish, spotted seatrout, and sheepshead 

Q 
6,t-b

6 
(Jan.-Dec. ) 

inflow 1-year 
antecedent to 

harvest 

(1961-1975) 

(not 
applicable) 

(not 
applicable) 



Fisheries Analysis Results 

Shellfish 

Analysis of the multi-species shellfish fisheries component 'involves 
transformation of the regression variables to natural logarithms (In) and 
results in a significant natural log equation for each of the six freshwater 
inflow categories (Table 8-11). Statistical information' given for each 
regression equation includes: . (1) level of statistical significance (a 
value); (2) multiple coefficient of determination (r 2 value); (3) standard 
error of the estimate for the dependent variable, inshore harvest; (4) 
standard error of the regression coefficient 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 
(fifth equation of Table 8-11) explains 70 percent of the observed variation 
in shellfish harvest from both estuaries considered together and is highly' 
significant (a = 0.5%) for correlation of natural log transformed harvests 
to natural log transformed spring (Q2), autumn (Q4)' and late fall (QS) 
season freshwater inflows from Mission, Aransas, and Nueces rivers (FINMAN). . . 

The estimated effect of a correlating seasonal inflow on harvest is 
computed by holding all other correlating seasonal inflows in the best sig
nificant equation constant 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 correlating seasonal inflow in the best significant 
equation and plotting the results in non-transformed units permits illustra
tion of the curvilinear effects of individual seasonal inflows on the estimate 
of inshore' oorrmercial shellfish harvest from the estuaries (Figure 8-1) .. For 
example, Panel A of Figure 8-1 shows the estimate of annual harvest increasing 
fran about 1.1 million pounds to 2.8 million pounds as the" inflow during the 
April-June (Q2 ) seasonal interval increases from its observed lower bounds 
of 300 acre-feet per month to its observed upper bounds of 166.3 thousand 
acre-feet per month. Thus, the positive (+) sign on the regression coeffi
cient (a2) for' the correlating Q2 inflow term in the best significant 
equation is" illustrated as a curve of positive slope relating increasing 
spring season inflow to an increasing estimate of annual shellfish harvest. 
It is noted that this curve can be shifted upward or downward in a parallel 
manner fran that which has been graphed by holding the other oorrelating sea
sonal inflows "(i.e., Q4 and QS) in the best significant equation at 
specified levels of interest other than their mean observed values. For 
instance, if the positively correlating September-{)Ctober (Q4) inflow is 
specified at sane level lower than its mean of 29.4 thousand acre-feet per 
month while the November-December (QS) inflow remains" at its mean observed 
value, then the 'estimated harvest response to 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 computed line would be shifted downward and 
parallel to that which is graphed. Analogous circumstances exist for each of 
the harvest responses illustrated, but to facilitate oomparisons 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 mean 
values. " 

Panel B (Figure 8-1) exhibits the positive response of inshore shellfish 
harvest to autumn season freshwater inflow from"Mission, Aransas, and Nueces 
rivers. The estimate of harvest increases 2.1 times (from about 1.4 to 2.9" 
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Table 8-11. Equations of Statistical Significance Relating the Shellfish 
, 'Fisheries Component to Freshwater Inflow Categories a/ 

" -

Mission-Aransas Estuary Shellfish Harvest = f (Seasonal FINMA'b/) 
Significant Natural Log Equation ( a= 5.0%; r 2 = 52%; S.E. EsC = .:!: 0.4442) 

In H = sf 6.9323 + 0.1167 (In Q2) 

(0.0693) , 

upper bcunds 
lower bcunds 

mean 

8.0563 
6.1782 
7.2822 

4.3981 
-1.2040 

1.9274 

+ 0.0547 (In 04) 

(0.0442) 

5.9865 
-2.3026 

1.7755 

2.1401 
-2.3026 

0.1808 

+ 0.1544 (In 05) 

(0.0886) 

Mission-Aransas Estuary Shellfish Harvest = f (Seasonal FINOm·a 5/) 
Significant Natural Log Equation (a = 5.0%; r2 = 29%, S.E. Est. = + 0.4996) 

In Hsf = 6.5331 + 0.2388 (In Q6) 

(0.1038) 

8.0563 4.8544 
6.1782 0.2624 

upper, bcunds 
lower bcunds 

mean _7 _. 2_8_2 ~ _-----"3c:.. -,-,13::.:6",,8 

Nueces Estuary Shellfish Harvest = f (Seasonal FINND d/) 
Highly Significant Natural Log Equation (a= 0.5%; r""= 64%; S.E.Est. = 
.:!: 0.3398) 

In Hsf = 5.5915 + 0.1892 (In Q2) 

(0.0409) 

+ 0.0895 (In 04) 

(0.0381) 

upper bcunds 7.1413 
lower bcunds 5.3176 

mean 6.2534 

4.6181 
-2.3026 

2.1640 
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Table 8-11. Equations of Statistical Significance Relating the Shellfish 
,Fisheries .Component to ,Freshwater Inflow Categories 5/ (cont'd.) 

Nueces Estuary Shellfish Harvest = f (Seasonal FINcn e/) 
Significant Natural Log Equation ( a= 5.0%; r2 = 46%;-S.E. F..st. = :!:. 0.4201) 

In HSf = 5.1980 + 0.2601 (In Q2) + 0.0720 (In Q4) 

(0.0822) . (0.0601) 

In H
s
'
f In Q2 In Q4 ---,-----------

upper bounds 7.1413 4.7983 6.9048 
lower bounds 5.3176 1. 1939 1.2528 

mean 6.2534 3.0785 3.5355 ----

-------------------------------------------------_._--------------------------, ' ' 

Mission-Aransas and Nueces Estuaries Shellfish Harvest = f (S,easonal 
FINMAN f/) 
Highly Significant Natural Log Equation (a::; O.5%~ r2 = 70%, S.E. Est. = 
.:!: 0.3105) 

= 6.6528 + 0.1461 (In Q2) 

(0.0588) 

In Hsf lri Q . 
2 

+ 0.1026 (In Q4) 

(0.0378) 

In Q4 In Q5 

+ 0.1124 (In Q5) 

(0.0738) 

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

upper bounds 8.3931 5.1138 7.0445 4.1190 
lower bounds 6.5773 -1.2040 0.0000 -0.6931 

mean 7.6110 2.9431 3.3814 1.6134 

Mission-Aransas and Nueces Estuaries Shellfish Harvest = f (Seasonal 
FINCm·a·n g/) . 
Significant Natural Log Equation (a = 2.5%; r2 = 60%; S.E.Est. =.:!: 0.3604) 

In H = sf 6.3103 - 0.1918 (In Ql) 

(0.1358) 

In Q
l 

+ 0.2383 (In Q2) 

(0.0971) 

+ 0.2119 (In Q6) 

(0.1088) 

-----'-------------,------
upper bounds 8.3931 
lower bounds 6.5773 

mean 7.6110 

, 4.6092 
1.1939 
2.5048 

5.7513 
1. 7918 
3.8881 
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Table 8-11. Equations'of Statistical Significance Relating the Shellfish 
Fisheries Component to Freshwater Inflow Categories ~ (cont'd) 

Where: ' 

a/ 

b/ 
9' 
d/ 
~ 

f/ 
3! 

In Hsf = 

In Q = 

natural log, inshore commerical shellfish harvest, in 
thousands of p:mnds; 
natural log, mean monthly freshwater inflow, in thousands of 
acre-feet: 

Q1 = Jan.-Mar. 
Q2 = Apr. -,Jun. 
Q3 = Jul.-Aug. 

Q4 = Sept. -{Jct. 
QS = Nov.-Dec. 
Q6 = Jan.-Dec. 

Standard error of each regression ooefficient is shown in parentheses 
beneath the ooefficients of the regression equations 
Freshwater inflow from Mission and Aransas River Basins 
Combined, freshwater inflow to Mission-Aransas estuary from all contri
buting river and coastal drainage basins 
Freshwater inflow at Nueces delta 
Combined freshwater inflow to Nueces estuary from all contributing river 
and coastal drainage basins 
Freshwater inflow from Mission, Aransas, and Nueces River Basins 
Combined freshwater inflow to Mission-Aransas and Nueces estuaries from 
all contributing river and coastal drainage basins 
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Figure 8-1. Mission-Aransas and Nueces Estuaries Shellfish Harvest asa Function of 
Seasonal Inflow from Mission; Aransas, and Nueces Rivers, Where All Other 

Seasonal Inflows in the Multiple Regression Equation are 
Held Constant at Their Mean Values' 
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million pounds annually) as the September-october (Q4) inflow increases from 
its observed lower rounds of 1.0 thousand acre-feet per rronth to its cbserved 
upper rounds of 1,146.5 thousand acre-feet per rronth. 

Panel C (Figure 8-1) shows another positive harvest response to late fall 
season freshwater inflow. . In this case, the estimtae of shellfish harvest 
increases 1.7 times (from arout 1.6 to 2.7 million pounds annually) as the 
November-December (Q5) inflow increases from 500 acre-feet per rronth to 61.5 
thousand acre-feet per rronth. 

Considered together, Panels A, Band C in Figure 8-1 illustrate strong 
·positive statistical responses of inshore rorrmercial shellfish harvest from 
combined Nueces and Mission-Aransas estuaries landings to spring (Q2) and 
autumn (Q4) season inflow, and a slightly weaker positive harvest response 
to late fall (Q5) season inflow over the observed ranges of these seasonal 
inflows from Nueces, Mission, and Aransas rivers. Based on the statistical 
regression model described by the best significant equation, maximization of 
shellfish harvest can be achieved by increasing,spring, autumn, and late fall 
inflows from the rontributing rivers. 

All Penaeid Shrimp 

Analysis of the fisheries romponent for all penaeid shrimp (i.e., white, 
brown, and pink shrimp) yields a significant equation for all freshwater· 
inflow categories (Table 8-12). The best significant equation (fifth equa
tion, Table 8-12) accounts for 88 percent of the observed variation in penaeid 
shrimp harvest from roth estuaries ronsidered together and is very highly 
significant (CJ. = 0.1%) for rorrelation of natural log transformed harvests 
to natural log transformed spring (Q2)' summer (Q3)' and autumn (Q4) 
season .freshwater inflows from Mission, Aransas, and Nueces rivers (FINMAN). 

The effect of each of the rorrelating inflow terms in the best signifi
cant equation is illustrated by using the previously discussed procedure of 
holding all other correlating inflows in the equation ronstant at their 
respective mean values, while varying the inflow of interest over its cbserved 
range and romputing the estimated harvest response (Figure 8-2). The estimate 
of inshore penaeid shrimp harvest increases 4.5 times (from atout 0.5 to 2.2 
million pounds annually) as April-June (Q2) inflow increases from the 
Observed lower rounds of 300 acre-feet per rronth to the cbserved upper bounds 
of 166.3 thousand acre-feet per month (Panel A, Figure 8-2). Thus, the 
penaeid shrimp fisheries component is shown to have a strong positive re
lationship with spring season inflow from the rontributing rivers. A weaker, 
more variable positive response to summer inflow results in the estimate of 
harvest increasing from atout 1.2 to 1.5 million pounds annually as the July
August (Q3>' inflow increases over the cbserved range of 1.0 to 426.5 thou
sand acre-feet per rronth (Panel B, Figure 8-2). The estimate of harvest 
increases 1.5 times (from arout 1.1 to 1.6 million pounds annually) as the 
September-october (Q4) inflow increases over the Observed range of 1.0 to 
1,146.5 thousand acre-feet per month (Panel C, Figure 8-2), indicating another 
weakly positive relationship of harvest to autumn season inflow. Maximization 
of penaeid shrimp harvest· is therefore statistically related to increasing 
spring (Q2)' summer (Q3)' and autumn (Q4) season inflows from the ron
tributing rivers. 
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Table 8-12; Equations of Statistical Significance Relating the 'AII Penaeid' 
Shrimp Fisheries Component to Freshwater Inflow Categories ~'. 

Mission-Aransas Estuary All Shrimp Harvest = f (Seasonal FINMA b/) 
Highly Significant Natural Log Equation (a = 1.0%; r" = 71%; S.E. Est. = 
2:. 0.3243) 

In Has = 6.5132 + 0.1140 (In Q1) 

(0.0663) 

+ 0;0714 (In Q5) 

(0.0657) 

In Q
1 

+ 0.0879 (In Q2) 

(0.0625) 

+ 0.0581 (In Q3) 

(0.0490) 

upper bounds 
lower bounds 

mean 

7.5342 
5.8755 
6.7455 

3.1224 
-2.3026 
-0.0214 

4.3981 
-1. 2040 

1.9274 

3.9220 
-2.3026 

0.9038 

2. 1401 
-2.3026 

0.1808 

Mission-Aransas Estuary All Shrimp Harvest = f (Seasonal FINCm·a c/) 
Highly Significant Equation (a= 0.5%; r2= 67%; S.E. Est. = 2:. 287.0) 

H = 550.1 + 5.4 (Q2) + 11. 7 (Q5) as ( 1 .2) (6.3) 

H Q2 Q5 as ----.------------
upper bounds 1870.9 193.3 47.0 
lower bounds 356.2 1.7 1.0 

mean 954.3 54.5 9.4 

Nueces .Estuary All Shrimp Harvest = f (Seasonal FINND d/) 
Highly Significant Natural Log Equation (a = 0.5%; r2 ~ 72%; S.E.Est. = 
2:. 0.3731) 

In Has = 5.3056 + 0.2594 (In Q2) 

(0.0519) 

upper bounds 
lower bounds 

mean 

In H as 

7.1082 
4.6386 
6.0722 

4.6181 
-2.3026 

2.1640 

+ 0.0838 (In Q4) 

(0.0418) 

6.8107 
-0.6931 

2.8203 

4.0604 
-2.3026 

0.6078 

VIII-22 

- 0.0514 (In Q5) 

(0.0498) 



Table 8-12. Equations of Statistical Significance Relating the All Penaeid 
'Shrirrp Fisheries '.Corrponent to Freshwater . InflCM Categories !Y' 
(cont'd) 

Nueces Estuary All Shrimp Harvest = f (Seasonal FINCn e/) 
Significant Natural Log Equation ( a= 2.5%; r 2= 53%; S.E. Est. = + 0.4622) 

In Has = 5.2432 .;: 0.1551 (In Q1) 

(0.1495) 

+ 0.3717 (In Q2) 

(0.1089) . 

upper bourids 
lower rounds 

mean 

In H In Q
1 -=a:;::s __ 

7.1082 
4.6386 
6.0722 

4.5401 
0.6931 
2.0327 

4.7983 
1. 1939 
3.0785 

Mission-Aransas and Nueces Estuaries All Shrimp Harvest = f (Seasonal 
FINMANY) . .... . .. 
Very Highly Significant Natural Log' Equation (a;; 0.1%; r 2 = 88%; S.E·. Est. ::;;: 
.:J::. 0.1986) 

In Has = 6.1778 + 0.2389 (In Q2) 

(0.0287) 

In H In Q2 as 

+ 0.0410 (In Q3) 

(0.0424) 

In Q3 In Q4 

+ 0.0551 (In Q4) 

(0.0325) 

-----------------------
upper bounds 8.0369 5.1138 6.0556 7.0445 
lower bounds 6.2655 -1.2040 0.0000 0.0000 

mean 7.1759 2.9431 2.6465 3.3814 

Mission-Aransas and Nueces Estuaries All Shrimp Harvest = f (Seasonal 
FINCm·a·n 3/) 
Very Highly Significant Natural Log Equation ( 0.= 0.1%; r2 ::: 78%; S.E.Est. = 
+ 0.2577) - , 

In H = as 5.7307 + 0.3226 (In Q2) + 0.0453 (In Q4) 

(0.0495) (0.0375) 

In H In Q2 In Q4 as ----.------------
upper bounds 8.0369 5.7513 7.4550 
lower rounds 6.2655 1.7918 1.6094 

mean 7.1759 3.8881 4.2212 



Table 8-12. Equations of Statistical Significance Relating the All Penaeid 
Shrimp Fisheries Component to Freshwater Inflow Categories ~ 
(cont'd) 

Where: 
H = as 

In H = 
ClQ= 

In Q = 

inshore commercial penaeid shrimp harvest, in thousands of 
p:>unds; 
natural log·of H ; 
mean monthly fre§Rwater inflow, in thousands of acre-feet; 
natural log of Q: 

Q1 = Jan.-Mar. 
Q2 = Apr • .Jun. 
Q3 = Jul. -Aug. 

Q4 = Sept.-0ct. 
QS :, Nov.-Dec. 

~ Standard error of each regression coefficient is shown in parentheses 
beneath the coefficients of the regression equations 

b/ Freshwater inflow from Mission and Aransas River Basins 
:£i Combined freshwater inflow to Mission-Aransas estuary from all contri

buting river and coastal drainage basins 
d/ Freshwater inflow at Nueces delta 
~ Combined freshwater inflow to Nueces estuary from all contributing river 

and coastal drainage basins 
f/ Freshwater inflow from Mission, Aransas, and Nueces River Basins 
~ Combined freshwater inflow to Mission-Aransas and Nueces estuaries from 

all contributing river and coastal drainage basins 
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Whi te Shrimp 

Analysis of the white shrimp fisheries component also results in a signi
ficant regression equation for each of the freshwater inflow categories (~able 
8-13). The best significant equation (fifth equation, Table 8-13) explains 84 
percent of the observed harvest variation and is very highly significant (a = 
0.1%) for correlation of ncitural log transformed white shrimp harvests from 
both estuaries to natural log transformed winter (Q1), spring (02)' summer 
(Q3), and autumn (Q4) season freshwater inflows from Mission, Aransas, and 
Nueces rivers (FINMAN). The estimate of harvest increases 2.4 times above its 
minimum values when roth January-March (01) and April-June (Q2) inflows 
are varied over their observed ranges (Panels A and B, Figure 8-3), indicating 
strong positive relationships with increasing winter and spring inflowS. 
Smaller, more variable positive responses to summer and autumn season inflows 
resul t in the estimated harvest increasing 1.8 and 1.4 times their minimum, 
respectively, as ,July-August (Q3) and September-{)cto~r (04) inflows are 
varied from their lower to upper observed rounds (Panels C and 0, Figure 8-3). 
Consequently, maximization of white shrimp harvest is statisticallv relaten to 
increasing winter, spring, summer, and autumn season inflows to the estuaries 
from the contributing rivers. 

Brown and pink Shrimp 

Analysis of the brown and pink shrimp fisheries component yields only 
three significant regression equations (Table 8-14). The best significant 
equation (second equation, Table 8-14) accounts for 56 percent of the observed 
harvest variation and is significant (a = 2.5%) for correlation of inshore 
brown and pink shrimp harvests from roth estuaries to winter (Q1)' spring 
(Q2)' and one-year antecedent annual (Q6) freshwater inflows from Mission, 
Aransas, and Nueces rivers (FINMAN). A strong negative relationship to winter 
inflow 'results in the estimate of annual harvest declinino 112 percent as 
January-March (Q1) inflow is varied over its observed range (Panel A, Figure 
8-4). The estimate of annual harvest increases 4.3 times its minimum value as 
April-June (02) inflow increases over its observed range, indicatinq a 
strong positive response to spring season inflow (Panel B, Figure 8-4). An 
additional negative response to one-year antecedent annual (06) inflow 
results in the estimate of annual harvest declining 79 percent (Panel C, 
Figure 8-4). Therefore, maximization of brown and pink shrimp harvest is 
statistically related to increasing spring season inflow and decreasing winter 
and annual inflows to the estuaries from the contributing rivers. It is noted 
that the negative harvest response to winter inflow is in apparent conflict 
with the positive relationship of white shrimp harvest to winter inflow. 

Blue Crab 

Analysis of the blue crab fisheries component results in five significant 
regression equations (Table 8-15). The best significant equation (third, 
equation, Table 8-15) explains 91 percent of the observed harvest variation 
and is highly significant (a = 1.0%) for correlation of Nueces estuary blue 
crab harvests to one-year antecedent winter (01)' spring (02)' autumn 
(Q4)' and late fall (Q5) season inflows to the estuary from all contribut
ing river and coastal drainage basins (F'INCn ). The effec~s of each of the 
correlating seasonal inflows are positive for increasing January-March (01) 
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Table 8-13. Equations of Statistical Significance Relating the White Shrimp 
Fisheries 'Component to Freshwater Inflow Categories ~ 

Mission-Aransas EstuarY White Shrimp Harvest = f (Seasonal FINMA b/) 
Highly Significant Equation (a = 0.5%; r2 = 68%; S;E. Est. =':!: 259.6) 

H = 422.5 + 4.2 (Q2) - 0.8 (Q4) + 11.5 (Q6) ws 
(2.9) (0.6) (3.8) 

H Q2 Q4 Q6 ws 

upper bounds 1736.6 81.3 398.0 68.4 
lower bounds 249.9 0.3 0.0 0.3 

mean 676.4 22.2 66.5 18.5 

Mission-Aransas Estuary White Shrimp Harvest = f (Seasonal FINCm·a c/) 
Highly Significant Equation (a = 1.0%; r2 = 71%, S.E. Est. = :!: 260.6) 

H = 339.2 + 2.6 (Q2) ws + 2.1 (Q3) - 0.4 (Q4) + 4.9 (Q6) 

(1. 3) (2.3) ,( 0.3) (2.3) 

H Q2 Q3 Q4 Q6 ws 

upper bounds 1736.6 193.3 123.0 731.5 128.3 
lower bounds 249.9 1.7 1.0 1.5 1.3 

mean 676.4 54.5 20.4 126.9 40.6 

Nueces Estuary White Shrimp Harvest = f (Seasonal FINND d/) 
Highly Significant Natural Log Equation (a = 0.5%; r2 = 74%; S.E.Est. = 
:!: 0.3696) 

In H = 4.8557 + 0.2589 (In Q2) ws , 
(0.0471 ) 

In H ws 1!1 Q2 

- 0..0876 (In Q3) 

(0.0638) 

+ 0.1573 (In Q4) 

(0.0512) 

In Q3 In Q4 --'--_._---'-------------

upper bounds 6.7451 4.6181 6.0379 6.8107 
lower bounds 4.4320 -2.3026 -0.6931 -0.6931 

mean 5.6797 2.1640 2.0536 2.8203 
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Table 8-13. Equations of Statistical Significance Relating the White Shrimp 
Fisheries Component to Freshwater Inflow Categories sI (cant'd.) 

Nueces Estuary White Shrimp Harvest = f (Seasonal FINCn,e/) 
Highly Significant Natural Log Equation (ex = 1.0%; r2 = 65%; S.E. Est. = 
~ 0.4251) 

In Hws = 4.3187 + 0.4148 (In Q2) 

(0.0913 ) 

- 0.2077 (In Q3) + 0.1947 (In Q4) 

(0.1139) (0.0811') 

In H ws In Q2 In Q3 In Q4 ------------
upper bounds 6.7451 4.7983 6.0638 6.9048 
lower bounds 4.4320 1.1939 1. 5041 1.2528 

mean 5.6797 3.0785 2.9096 3.5355 ----

Mission-Aransas and Nueces Estuaries White Shrimp Harvest = f (Seasonal 
FINMAN f/) , . 
Very Highly Significant Natural Log FAFJation (a-= 0.1%; r2 = 84%, S.E. Est. = 
~ 0.2492) 

In H = 5.8000 + 0.1288 (In Ql) ws +,0.1418 (In Q2) 

(0.0510) 

+ 0.0941 (In Q3) 

(0.0559) 

upper bounds 
lower bounds 

mean 

(0.0549) 

+ 0.0505 (In Q4) 

(0.0408) 

In H ws 

7.7708 
5.9272 
6.8044 

In Q
l 

4.5369 
-2.3026 

1.3005 

5.1138 
-1.2040 

2.9431 

6.0556 
0.0000 
2.6465 

7.0445 
0.0000 
3.3814 

Mission-Aransas and Nueces Estuaries White Shrimp Harvest = f (Seasonal 
FINCm·a·n ~) 
Very Highly Significant Equation (ex = 0.1%; r2 = 80% S.E.Est. = ~ 277.4) 

HwS = 477.4 + 6.5 (Ql) + 3.4 (Q2) + 3.1 (Q5) 
(3.5) (0.9) (2.9) 

H Ql Q2 Q5 ws ------
upper bounds 2370.3 100.4 314.6 84.0 
lower bounds 375.1 3.3 6.0 4.0 

mean 1025.2 , 20.9 100.0 24.6 

VIII-28 



Table 8-13. Equations of Statistical Significance Relating the White Shrimp 
Fisheries Component to Freshwater Inflow Categories s! 
(cont'd) 

Where: 

b/ 
:£I 
d/ 
~ 

f/ 
21 

H = 
ws 

ln H = 
ws 

Q = 
ln Q = 

inshore commercial white shrimp harvest, in thousands of pounds; 

natural log of Hws 

mean monthly freshwater inflow, in thousands of acre-feet; 
natural log of Q: 

Q1 = Jan.-Mar. 
Q2 = Apr.-Jun. 
Q3 = Jul.-Aug. 

Q4 = Sept.-0ct. 
QS = NOV.-Dec. 
Q6 = Jan. -Dec. 

Standard error of each regression coefficient is shown in parentheses 
beneath the coefficients of the regression equations 
Freshwater inflow from Mission and Aransas River Basins .. 
Combined freshwater inflow to Mission-Aransas estuary from all contri
buting river and coastal drainage basins 
Freshwater inflow at Nueces delta 
Combined freshwater inflow to Nueces estuary from all contributing river 
and coastal drainage basins 
Freshwater inflow from Mission, Aransas, and Nueces River Basins 
Combined freshwater inflow to Mission-Aransas and Nueces estuaries' from 
all contributing river and coastal drainage basins 
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Table ·8-14. Equations of Statistical· Significance Relating the BrOwn and pink 
Shrimp Fisheries Component to Freshwater Inflow Categories ~ 

Mission-Aransas Estuary Brown and pink Shrimp ~arvest = f (Seasonal FINMA b/) 
Significant Equation ( a = 5.0%; r 2 = 42%; S.E. Est. = ±. 188.0) -

Hbps = 264.5 + 5.7 (Q2) - 6.1 (Q6) 

( 2. 1 ) (2.8) 

H __ bps Q
2 

Q
6 

upper bounds 877.3 81.3 68.4 
lower bounds 12.7 0.3 0.3 

mean 277.9 22.2 18.5 

Mission-Aransas Estuary Brown and pink Shrimp Harvest = f (Seasonal 
FINCm'a c/)· . 

, ( no-significant equation) 

Nueces Estuary Brown 'and pink Shrimp Harvest = f (seasonal FINND 3/) 
(no significant equation) 

Nueces Estuary Brown and pink Shrimp. Harvest = f (seasonal FINCn~) 
(no· significant equation) 

Mission-Aransas and Nueces Estuaries Brown and pink Shrimp Harvest = f 
(seasonal FINMAN f/) 

,Significant EquatIon (ar 2.5%, r2 = 56%, S.E. Est. = ±. 255.9) 

Hbps = 396.8 - 6.4 (Ql) + 4.0 (Q2) - 1.6 (Q6) 

(3.5) ( 1 .2) ( 1. 1 ) 

H 
bEs 

Q
1 

Q
2 

Q
6 

upper bounds 1249.4 93.4 166.3 270.6 
lower bounds 13.3 0.0 0.3 1.3 

mean 439.1 14.3 60.5 65.7 
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Table 8-14. Equations of Statistical Significance Relating the Brown and pink 
Shrimp Fisheries Component to Freshwater Inflow Categories a/ 
(cont'd) -

Mission Aransas and Nueces Estuaries Brown and pink Shrimp Harvest _of 
(seasonal FINCm·a·n ~) _ 
Significant Equation (a = 5.0%, r2 = 50%, S.E. EST. = ± 274.2) 

Hbps = 470.4 - 7.4 (Q1) + 2.4 (Q2) - 1.3 (Q6) 

(3.9) (0.9) ( 1.0) 

Hbps Q1 Q2 Q6 

upper bounds 1249.4 100.4 314.6 324.7 
lower rounds 13.3 3.3 6.0 5.1 

mean 439.1 20.9 100.0 94.7 

Where: 

a/ 

b/ 
~ 
d/ 
~ 

f/ 
g/ 

Hbps = 

Q = 

inshore commercial brown and pink shrimp harvest, in thousands 
of pounds 
mean monthly freshwater inflow, in thousands of acre-feet; 

Q1 = Jan.-Mar. Q4 = Sept.-oct. 
Q2 7 Apr.-Jun. Q5= Nov.-Dec. 
Q3 = Jul.-Aug. Q6 = Jan.-Dec. 

Standard error of each regression roefficient is shown in parentheses 
beneath the coefficients of the regression equations 
Freshwater inflow from Mission and Aransas River Basins 
Combined freshwater inflow to Mission-Aransas estuary from a11 contri
buting river and coastal drainage basins 
Freshwater inflow at Nueces delta 
Combined freshwater inflow to Nueces estuary from all contributing river 
and coastal drainage basins 
Freshwater inflow from Mission, Aransas, and Nueces River Basins 
Combined freshwater inflow to Mission-Aransas and Nueces estuaries from 
all contributing river and coastal drainage basins 
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Table 8-15. Equations of Statistical Significance Relating the Blue Crab 
Fisheries Component to Freshwater Inflow Categories ~ 

Mission-Aransas Estuary Blue Crab Harvest = f (seasonal FINMA b/) 
Significant Natural Log Equation (a = 5.0%, r" = 50%, S.E. Est: = ::!:. 1.1197) 

In ~c = 5.2663 + 0.3548 (In 01) 
, (0.1741) 

+ 0.1887 (In Q3) 

(0.1822) 

+ 0.2891 (l'n Q4) 

(0.1250) 

ur:per bounds 7.3811 3.1224 2.6741 5.9865 
lower bounds 2.9601 -2.3026 -2.3026 -2.3026 

mean ~5~.9~3~0~8 ____ ~0~.1~6~6~3~ __ ~0~.~7~15~6~. __ ~1~.~6~27~8~ 

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

Mission-Aransas Estuary Blue Crab Harvest = f (seasonal FINCm·a 51) 
(no significant equation) 

Nueces Estuary Blue Crab Harvest = f (seasonal FINND d/) 
Highly Significant Equation ( a= 1.0%, r2 = 91%, S.E.-Est. =::!:. 32.8) 

H = bc 52.0 + 9. 5 (Ql) + 0.5 (Q2) - 0.6 (Q4) + 11.2 (Q5) 

(0.5) (0.4) (0.1) (2.0) 

Hbc Q
l 

Q2 Q4 Q5 
/ 

, 

upper bOunds 326.3 90.7 101.3 840.5 47.5 
lower bounds 41 .1 0.0 0.0 1.0 0.0 

mean 118.3 17.4 42.1 133.2 10.5 

Nueces Estuary Blue Crab Harvest = f (seasonal FINCn e/) 
Highly Significant Equation (a = 1.0%, r2 = 91%, S.E.-P..st. =::!:. 32.7) 

H = bc 20.7 + 0.6 (01) + 0.2 (Q2) -0.7 (Q4) + 12.4 (Q5) 

(0.5) (0.4) (0.1) (2.3) 

~ Ql 
Q2 Q4 QS 

upper bounds 326.3 93.7 121.3 878.0 51.0 
lower bounds 41.1 2.0 3.3 3.S 2.0 

mean 118.3 21.0 49.6 146.1 13.7 

-----------~-~---------------------------~------~------~---------------------
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Table 8-15. Equations of Statistical Significance Relating the Blue Crab 
Fisheries Component to Freshwater Inflow Categories a/ (contid.) 

Mission-Aransas and Nueces Estuaries Blue Crab Harvest - f (seasonal FINMAN 
U) '. .' 
Significant Natural Log Equation (a = 2.5%, r2 = 82%, S.E. Est. ,= ~ 0.4589) . 

. 
In H = bc 4.5584 + 0.1059 (In Q1) 

(0.1159) 

In Q1 

+ 0.1516 (In Q2) 

(0.1148) 

+ 0.4690 (In Q3) 

(0.1027) 

upper bounds 7.4317 4.5369 5.1138 6.0556 
lower bounds 5.0324 -2.3026 -1.2040 0.0000 

mean ~6.~6~7~9~9 _____ 1~~~6~2~15~ __ ~3~.0~3~5~4 ____ ~3~.1~7~5~8 

Mission-Aransas and Nueces Estuaries Blue Crab Harvest = f (seasonal 
FINOn·a·n s/) , 
Significant Natural Log Equation (a = 5.0%, r2 = 64%, S.E. Est. = ~ 0.5968) 

In Hbc = 3.4886 + 0.3259 (In Q2) + 0.4908 (In Q3) 

,( 0.1353) (0.1869 ) 

In Hbc 

upper bounds 7.4317 
lower bounds 5.0324 

mean 6.6799 

Where: 
Hbc = inshore commercial blue 

In H = natural log of H 
95 = mean monthly fre~water 

In Q = natural log of Q: 

Q1 = Jan. -Mar. 
Q2 = Apr. -Jun. 
Q3 = Jul. Aug. 

, 
In Q2 In Q3 

5.7513 6.1014 
1. 8871 1.7047 
3.9680 3.8678 

crab harvest,. in thousands of pounds; 

inflow, in thousands of acre-feet; 

Q4 = Sept.-oct. 
Q5 = Nov. -Dec. 

lY Standard error of each regression ooefficient is shawn in parentheses 
beneath the coefficients of the regression eguations 

b/ Freshwater inflow from Mission and Aransas River Basins 
51 Combined . freshwater inflow to Mission-Aransas estuary from all 

contributing river and ooastal drainage basins . 
d/ Freshwater inflow at Nueces delta 
31 Combined freshwater inflow to Nuecesestuary from all contributing river 

and coastal dra~nage basins , _ 
f/ Freshwater inflow from Mission, Aransas, and Nueces River Basins 
'§!. Combined freshwater inflow' to Mission-Aransas' and Nueces estuaries from 

all contributing river and ooastal drainage basins 
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inflow (Panel A, 'Figure 8-5), positive for increasing April-June (02) inflow 
(panel'B, Figure 8-5), negative for increasing September-october (04) inflow 
(Panel C, Figure 8-5), and posi ti ve for increasing November-December (Qs) 
inflow (Panel D; Figure 8-5). In particular, the estimate of annual harvest, 
declines 291 percent as autumn season inflow is increased to its upper 0b
served bounds, while the estimate of annual harvest increases 16.'7 times its'" 
minimum value in response to increased late fall season inflow. Maximization 
of blue crab harvest is thus statistically related to decreasing autumn season 
inflow and increasing winter, spring, and late fall season inflows to Nueces 
estuary. 

Bay Oyster 
- , 

Analysis of the bay oyster fisheries component gives only two significant 
regression equations (Table 8-16).' The best Significant equation (first equa
tion, Table 8-16) accounts for 53 percent- of the observed harvest variation 
and is significant (a =5.0%) for correlation of natural log transformed 
oyster harvests from the Mission-Aransas estuary to one-year antecedent, 
natural log transformed winter (01), summer (03)' - and late fall '(Qs) 
season freshwater inflows to the estuary from Mission and Aransas ri vers 
(FINMA). -Oyster harvest is positively correlated to all three of the seasonal 
inflows. The estimate of harvest increases 5.2 times its minimum value in 
response to increased January-March (01) inflow (Panel A, Figure 8-6), 17.5 
times its minimum in response to increased July-August (03) inflow (Panel B, 
Figure 8-6), and 14.8 times its minimum in response to increased November
December' (OS) inflow (Panel C, Figure 8-6). 'lherefore, maximization of 
oyster harvest is statistically related to increasing winter, summer, and late 
fall season inflows from the Mission and Aransas rivers. 

Finfish 

Analysis of the multi-species finfish component of comnercial fisheries 
landing results in a significant regression equation for each of the six 
inflow categories (Table 8-17). The best significant equation (fourth equa
tion, Table 8-17) involves logarithmic transformatfon Of the regression vari
ables, explains 92 percent of the observed harvest variation, and is very 
highly significant ( a = 0.1%) for correlation of Nueces estuary finfish 
harvests to all seasonal inflows (01 through 0S) contributed to the 
estuary from its combined river and coastal drainage basins (FINCn ). 

Curvilinear responses of the harvest estimate to each of the correlating 
seasonal inflows are strongly negative to increased January-March (01) 
inflow (Panel A, Figure 8-7), strongly positive to increased April-June (02) 
inflow (Panel Bi Figure 8-7), positive to July-August (03) inflow (Panel C, 
Figure 8-7), negative to September-october' '(<;14) inflow (Panel, D, - Figure 
8-7), and positive to November-December (OS) inflow (Panel E, Figure 8-7). 
In Particular, the estimate of finfish harvest decreases 92 percent in re
sponse to increasing winter (January-March) inflow and increases" 23.6 times 
its minimum value in response to increasing spring (April-June) inflow (Panels' 
A and-B, respectively).- The regression model of finfish harvest described by 
the best significant equation indicates that harvest inaximization is statis
tically related to increasing spring, summer, arid late fall season inflows, 
while diminishing winter 'and autumn season inflows contributed to the Nueces 
estuary. Such an inflow regime would be generally beneficial to blue crab and 
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Table 8-16. Equations of Statistical.Significance Relating the Bay Oyster 
Fisheries Component to Freshwater Inflow Categories ~ 

Mission-Aransas Estuary Bay Oyster Harvest = f (seasonal FINMA b/) 
Significant Natural Log Equation (a= 5.0%, r2 = 53%, S.E. Est.-=.:. 1.4654) 

In H = bo 1.2820 + 0.3019 (lnQ1) + 0.5685 (In Q3) + 0.6028 (In Q5) 
(0.2097) . (0.2307) (0.2675) 

_ In Hbo In Q1 In Q3 In Q5. 

upper bounds 4.7892 3.1224 2.6741 2.1401 
lower bounds -1.2040 -2.3026 -2.3026 -2.3026 

mean 1.8480 . 0.1663 0.7156 0.1808 

Mission-Aransas Estuary Bay Oyster Harvest = f (seasonal FINCm·a c/) 
Significant Natural Log Equation (a = 5.0%, r = 42%, S.E. Est. =~.:. 1.5580) 

In Hbo = -0.3745 + 0.5156 (In Q1) 

(0.2582) 

+ 0.4880 (In Q4) 

(0.2078) 

upper bounds 
lower bounds 

mean 

Where: 

·In H ,bo 

4.7892 
-1.2040 

1.8480 

4.2151 
-2.3026 

1.3262 

3.8501 
0.0000 
3.1532 

In Hbo = natural log, commercial bay oyster harvest, in thousands of 
pounds; 

In Q = natural log, mean lJl)nthly freshwater inflow, in thousands of 
acre-feet: 

Ql· = Jan. -Mar. 
Q2 = Apr.~un. 
Q3 = Jul. -Aug. 

Q4 = Sept.-{)ct. 
Q5 = Nov.-Dec. 

al Standard error of each regression roefficient is shown in parentheses 
beneath the roefficients of the regression equations 

bl Freshwater inflow from Mission and Aransas River Basins 
51 Combined freshwater inflOW to Mission-Aransas estuary from all contribut

ing river and coastal drainage basins 
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Table 8-17. Equations of Statistical Significance Relating the Finfish 
Fisheries Component to Freshwater Inflow Categories ~ 

Mission-Aransas Estuary Finfish Harvest = f (seasonal FINMA b/) 
Significant Natural Log Equation ( a= 2.5%, r 2 = 59%, S.E. ESt. =:: 0.2387) 

In Hff= 6.4586 - 0.0911 (In Q1) 

(0.0609) 

- 0.1588 (In Q3) 

(0.1214) 

+ 0.2580 (In Q5) 

(0.0747) 

In Hff. In Q1 In Q3 In Q5 

upper bounds 7.0111 2.3158 2.1203 2.7621 
lower bounds 5.6740 -2.3026 . 0.0000 -0.1823 

mean 6.3516 1.0754 1.4565 0.8617 

Mission-Aransas Estuary Finfish Harvest = f (seasonal FINCrn.a c/) 
Highly Significant Natural Log Equation (a = 1.0%, r2 = 72%, S~E. Est. = 

:: 0.2067) 

In Hff = 6.5088 - 0.1384 (In Q1) 

(0.0671) 

+ 0.2646 (In Q5) 

(0.0723) 

In Hff In Q1 
--~=--

upper bounds 7.0111 
lower bounds 5.6740 

mean 6.3516 

3.4166 
-0.1054 

2.0560 

- 0.2626 (In Q3) 

(0.1375) 

2.9957 
1.5404 
2.5169 

5.6342 
1.0986 
4.1347 

; 0.0484 (In Q4) 

(0.0364) . 

3.9416 
0.8473 
2.2226 

Nueces Estuary Finfish Harvest = f (seasonal FINND d/) 
Very Highly Significant Natural Log Equation (a = 0~1%, r2 = 87%, S.E. Est. = 

:: 0.3845) 

In Hff = 3.8284 - 0.6591 (In Q1) + 0.7123 (In Q2) + 0.1947 (In Q3) 
(0.1387) (0.1240) (0.0734) 

In Hff In Q1 In Q2 In Q3 

upper bounds 6.6130 3.5400 4.1500 5.0814 
lower bounds 4.0307 -0.2657 -0.2657 0.4055 

mean 5.1634 2.2676 3.2473 2.6534 
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Table 8-17. Equations of Statistical Significance Relating the Finfish 
,Fisheries Component to Freshwater Inflow Categories al 
(cant'd) --

Nueces Estuary Finfish Harvest; f (seasonal FINCn e/) 
Very Highly Significant Natural Log Equation (a; 0-:-1%, r 2; 92%, S.E. Est. ; 
~ 0.3274) 

In HEf ; 3.4071 - 0.9818 (In Ql) + ,1.0597 (In Q2) + 0.2675 On Q3) 

(0.1922) (0.1623) (0.1143) 

- 0.1964 (In Q4) + 0.2467 (In Q5) 

(0.0982) (0.1723) 

In HEf In Ql In Q2 In Q3 In Q4 In Q5 -

upper bot,mds 6.6130 3.6323 4.3351 5.1309 6.0117 3.6678 
lc...,er bounds 4.0307 1. 0531 1.3524 1.6422 1.6094 0.9808 

mean 5.1634 2.6454 3.5277 3.1713 4.5536 2.6805 

Mission-Aransas and Nueces Estuaries Finfish HarVest ; f (seasonal FINMAN f/) 
'Highly Sig';Uicant Natural Locj Equation ( a; 0.5%, r2 ; 83%, 'S.E. Est. ; -
~ 0.2105) 

, In HEf ;6.1156 ~'0.2266 (In Ql) +'0.1770 (In Q2) + 0.1943 (In Q3) 

(0.0815) (0.0844) (0.0734) 

-0.1317 (In Q4) + 0.1943 (In Q5) 

(0.0578) (0.0861) 

In Hff In Ql In Q2 In Q3 In Q4 In Q5 -----------

upper bounds 7.4135 3.7849 4.6260 5.1319 6.2751 3.8250 
lower bounds 6.1895 -0.1431 1.0176 1.8458 1.7047 0.5108 

mean 6.6836 2.5873 3.7537 3.1540 4.7316 2.5754 

------------------------------------------------------------------------------, 

Mission-Aransas and Nueces Estuaries .Finfish Harvest; f (seasonal 
FINOn.a.n2l) Significant Equation (a; 2.5%, r2; 74%, S.E.Est. ; ~ 244.3) 

HEf ; 635.6 - 13.6 (Ql) + 3.4 (Q2) + 2.4 (Q3) - 0.5 (Q4) + 9.0 (Q5) 

(5.1) (1. 4) (1. 5) (0.4) (3.1) 

HEf Ql Q2 Q3 Q4 Q5 ----------------------
upper bounds 1658.3 55.5 189.0 188.8 688.0 89.0 
lower bounds 487;6 3.8 7.9 15.2 17.7 6.5 

mean 868.9 28.3 98.0 60.7 306.5 33.8 
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Table 8-17. Equations 'of Statistical SignificanCe Relating the Finfish 
Fisheries Component to Freshwater Inflow Categories ~ 
(cont'd) 

Where: 

~ 

b/ 
:£I 
d/ 
31 
f/ 
3! 

Hff In Hff 
Q 

In Q 

= inshore commercial finfish harvest, in thousands of pounds; 
= natural log of H ; 
= mean monthly fre~hwater inflow, in thousands of acre-feet; 
= natural log of Q: 

Q1 = Jan.-Mar. 

Q2 = Apr.-:0un. 

Q3 = Jul. -Aug. 

Q4 = Sept.-{)ct. 

QS = Nov.-Dec. 

Standard error of each regression coefficient is shown in 'parentheses 
beneath the coefficients of the regression equations 
Freshwater inflow from Mission and Aransas River Basins 
Combined freshwater inflow to Mission-Aransas estuary from all 
contributing river and coastal drainage basins 
Freshwater inflow at Nueces delta 
Combined < freshwater inflow to Nueces estuary from all contributing river 
and coastal drainage basins 
Freshwater inflow from Mission, Aransas, and Nueces River Basins 
Combined freshwater inflow to Mission-Aransas and Nueces estuaries from all 
contributing river and coastal drainage basins 
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penaeid shrimp harvests, although some conflict is noted for freshwater inflow 
needs d~ring winter and autumn seasons. 

Spotted Seatrout 

Analysis of the spotted seatrout fisheries component also gives a signi
ficant regression equation for each of the six freshwater inflow categories 
(Table 8-18). The best significant equation (fourth equation, Table 8-18) 
accounts for 92 percent of the observed harvest variation and is very highly 
significant ( Ct = 0.1%) for correlation of natural log trimsformed Nueces 
estuary spotted seatrout harvests to natural log transformed winter (Q1)' 
spring (~), and SLUl1fller (Q3) season freshwater inflows contributed to the 
estuary from its combined river and coastal drainage basins (FINCn ). 

The harvest response to January-March (Q1) inflow is negative with an 
estimated 92 percent decrease in annual harvest as inflow increases to the 
observed upper rounds (Panel A, Figure 8-8). A strong positive response to 
April~une (Q/2) inflow results in the estimate of harvest increasing 22.9 
times its mimmum value (Panel B, Figure 8-8). Another positive response to 
July-August (Q3) inflow increases the estimate of harvest 2.0 times its 
minimum value (Panel C, Figure 8-8). For the three correlating seasonal 
inflows, responses are similar to the general finfish component and indicate 
that maximization of harvest is related to increasing spring and sumner 
(especially spring) season inflows and decreasing winter inflows to the Nueces 
estuary. 

Red Drum 

Significant regression equations result from analysis of the six fresh
water inflow categories (Table 8-19). The best significant equation (fourth 
equation, Table 8-19) explains 91 percent of the observed harvest variation 
and is very highly significant (Ct = 0.1%) for correlation of Nueces estuary 
red drum harvests to seasonal inflows (Q1 through QS) contributed to the 
estuary from its combined river and coastal drainage basins (FINCn ), when 
data variates are transformed to natural logarithms. 

Curvilinear harvest responses are similar to those of the finfish and 
spotted seatrout fisheries components, exhibiting a strong negative response 
to January-March (Q1) inflow (Panel A, Figure 8-9), a strong positive 
response to April~une (Q2) inflow (Panel B, Figure 8-9), another positive 
response to July-August (Q3) inflow (Panel C, Figure 8-9), a weak negative 
response to September-october (Q4) inflow (Panel D, Figure 8-9), and a 
posi ti ve response to November-December (QS) inflow (Panel E, Figure 8-9). 
The greatest changes in harvest occurred as the estimate decreased 94 percent 
in response to increasing winter inflow (Panel A) and increased approximately' 
132 times its minimum value as spring inflow increased to its upper rounds 
(Panel B). Thus, maximization of red drum production is indicated by the 
regression model of harvest to be related to increased spring, summer, and 
late fall inflows, with diminished seasonal inflows to Nueces estuary during 
winter and autumn. 
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Table 8-18. 'Equations of Statistical Significance Relating the Spotted 
Seatrout Fisheries Corrponent: t'oFreshwaterInflCM Categories ~ 

Mission-Aransas Estuary Spotted Seatrout Harvest =, f (seasonal FINMA b/) 
Highly Significant Equation (a = 0.5%, r2 = 81%, S.E.' Est. = + 37.6) -. ' . . -

H = ss 220.1 - 3.2 (Q1) 12.4 (Q3) + 0.2 (Q4) + 11.5 (Q5) 

(3.4) (6.2) (0.2) (2.5) 

Hss Q1 Q3 Q4 
Q' 

5 

upper bounds 360.7 10.1 8.3 153.3 15.8 
lCMer bounds 110.8 0.1 1.0 0.3 0.8 

mean 203.9 4.6 4.9 67.0 3.9 

Mission-Aransas Estuary Spotted Seatrout Harvest = f (seasonal FINCm.a 5/) 
Very Highly Significant Equation (a = 0.1%, r2 = 80%, S.E. p~t. = + 37.2) 

,- . . -' 

Hss= .195.5 ~ 4.3 (Q3) + 0.1 (Q4) + 3.5 (Q5) 
(2.3) (0.1) (0.7) 

H Q3 Q4 
Q5 ss --.-----

upper bounds 360.7 20.0 279.8 51.5 
lower bounds 11 0.8 ' , 4.7 3.0 2.3 

mean 203.9 13.4 134.0 14.3 

Nueces Estuary Spotted Seatrout Harvest = f (seasonal FINND d/) 
Very Highly Significant Natural I.Dg Equation (a = 0.1%, r 2 =-89%, S.E. Est. = 

± 0.3477) 

in H ss = 2.6581 ~ 0.8110 (in Q1) + 0.8542 (in Q2) + 0.0741 . (in Q3). 
(0.1255) (0.1122) (0.0664) 

H in Q1 in Q3 In Q3 ss -------
upper bounds 5.1823 3.5400 4.1500 5.0814 
lower bounds 2.4849 -0.2657 -0.2657 0.4055 

mean 3.7895 2.2676 3.2473 2.6534 
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Table 8-18, Equati9ns<of<Statistical,Significance,~elating the Spotted 
Seatrout Fisheries Component to'Freshwater Inflow Categories 51 
(Cont'd) 

Nueces Estuary Spotted Seatrout Harvest = f (seasonaiFINCn e/) 
Ve~ Highiy Significant Natural Log Equation (a= 0.1%, r 2 =-92%, S.E. Est. = 

+ 0.3028) , 

In H ss = 1;9996 - 0.9582 (In ° 1) + 1.0457 (In ° 2) + 0.2005 (In ° 3) 

(0.1464) (0.1214) (0.0736) 

In H In 01 In 02 ,In 03 ss 

upper bounds 5.1823, 3.6323 4.3351 5.1309 
lower bounds 2.4849 1.0531 1.3524 1.6422 

mean 3.7895 2.6454 3.5277 3.1713 

Mission-Aransas and Nueces Estuaries Spotted Seatrout Harvest = f (seasonal 
FINMAN f/) -- 2< 

Highly Significant Equation (a = 9.5%, r = 76%, S.E. Est. = ~ 49.5) 

H = 210.7 - 3.9 (Ol) + 0.6 (°2) + 4.8 (05) ss 
( 1 • 1 ) (0.4) (0.9) 

H °1 °2 °5 ' ss 

upper bounds 394.1 44.0 102.1 45.8 
lower bounds 153.6 0.9 2.8 1.7 

mean 269.0 18.3 58.1 19.5 

-----------------------------------------------------------------------------< • 

, Mission-Aransas and Nueces Estuaries Spotted Seatrout Harvest = f (seasonal' 
FINCm.a;n '31). < < , , 

Very Highly Significant Equation (a = 0.1%, r2 = 77%, S.E. Est. = ~ 48.5) 

H = 208.9 - 1.9 (Ol ) + 0.5 (03) + 2.5 (°5) ss 
(1.0) (O.2) (O.6) 

. 
H °1 °3 °5 ss 

upper bounds 394.1 55.5 188.8 89.0 
" . lower bounds 153.6 < 3.8 15.2 6.5 

mean 269.0 28.3 60.7 33.8 

,-----------------------
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Table 8-18. Equations of Statistical Significance Relating the Spotted 
Seatrout Fisheries Component to Freshwater Inflow Categories sI 
(Cont'd) 

Where: 

a/ 

b/ 
c/ 

d/ 
!Y' 
f/ 
31 

Hss 

In H 
QSs 

In Q 

= inshore commercial spotted seatrout harvest, in thousands of 
pounds 

= natural log of H 1 
= mean monthly fre~Rwater inflow, in thousands of acre-feet; 
= natural log of Q: 

Q1 = Jan.-:-Mar. 

Q2 = Apr.-0un. 

Q3 = Jul. -Aug. 

Q4 = Sept.-<lct. 

Qs = Nov.-Dec. 

Standard error of each regression coefficient is shown in parentheses 
beneath the coefficients of the regression equations 
Freshwater inflow from Mission and Aransas River Basins 
Combined freshwater inflow to Mission-Aransas estuary from all 
contributing river and coastal drainage basins 
Freshwater inflow at Nueces delta 
Combined freshwater inflow to Nueces estuary from all contributing river 
and coastal drainage basins 
Freshwater inflow from Mission, Aransas, and Nueces River Basins 
Combined freshwater inflow to Mission-Aransas and Nueces estuaries from all 
contributing river and coastal drainage basins 
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Table 8-19. . Equatio~s 
Fisheries 

of Statistical Significance Relating the Rea Drum 
Component to Freshwater Inflow Categories ~ 

Mission-Aransas Estuary Red Drum Harvest = f (seasonal FINMA b/) 
2 -

Highly Significant Natural Log p..quation (CI. = 1.0%, r == 54%, S.E. Est. = 

.:!:. 0.4636) 

In Hra = 3.9294 + 0.2644 (In (2) 

(0.1482) 

+ 0.1096 (In (4) 

(0.0713) 

upper bounds 6.1827 3.9233 5.0326 
ICMer bounas 4.0128 - 0.6931 -1.0986 

mean -'.4:..:.9::.::8:..:4"'3_---'2::,:.:..:7-'.1.:.;16"-----'3::.:.:.,::0.:::8=22 

Mission-Aransas Estuary Red Drum Harvest = f (seasonal FINCm.a c/) 
Highly Significant Natural Log Equation (" = 1.0%, C = 54%, s.ll. Est. = 

.:!:. 0.4646) 

In Hrd = 3.5636 + 0.2000 (In (2) + 0.1682 (In Q4) 

(0.1577) (0.1007) 

In Hra In 02 In 04 

upper bounds 6.1827 4.7241 5.6342 
lower bounas 4.0128 1.3863 . 1.0986 

mean 4.9843 3.6249 4.1347 

Nueces Estuary Red Drum Harvest = f (seasonal FINND d/) 
Very Highly Significant Natural Log Equation (".= 0.1%, C = 89%, S.E. Est. = 

.:!:. 0.5886) 

In Bra = 0.7689 - 1.0121 (In ( 1) + 1.3291 (In (2) - 0.1893 (In (4) 

(0.2239) (0.2058) (0.1569) 

+ 0.5934 (In 05) 

(0.1779) 

In Brd In 01 In 02 In 04 In Q5 

upper bounas 5.3664 3.5400 4.1500 5.9345 3.5648 
ICMer bounds 0.9555 -0.2657 -0.2657 0.6931 -0.4055 

mean 3.3318 2.2676 3.2473 4.3732 2.3088 
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Table 8-19. Equations of Statistical Significance Relating the Red Drum Fisheries 
Component to Freshwater Inflow Categories ~ (cont'd) 

Nueces Estuary Red Drum Harvest ~ f' (seasonal FINCn e/) 
Very Highly Significant Natural Log Equation (a' ~ 0.1%, r2 ~ 91%, S.E. Est. ~ 

:!:. 0.5574) 

In Hrd ~ -1.1544 - 1.0758(ln Q1) 

(0.3273) 

+ '1.6399 (In Q2) 

(0.2764) 

+ 0,2928 (In Q3) 

(0.1946) 

upper bounds 5.3664 
lower bOunds 0.9555 

mean , 3.3318 

-0.1845 (In Q4) 

(0.1673) 

+ 0.5442 (In Q5) 

(0.2934) 

, In Q 
1 

3.6323 
1.0531 
2.6454, 

4.3351 
1.3524 
3.5277 

5.1309 
1.6422 
3.1713 

, , 

6.0117 
1.6094 
4.5536 

3.6678 
0.9808 
2.6805 

----_._------":"'"---------":"'"----------------------';-..,.---------------....,--------------. 

Mission-Aransas and Nueces Estuaries Red Drum Harvest ~ f (seasonal FINMAN iI) 
Highly Significant Natural Log Equation (a~ 0.5%, 'r2 ~ 81%, S.E. Est. ~ + 
0.3854) 

"In H ~ 2.9314 - 0.207,1 rd 
(0.1353) 

(In Q1) + 0.4274 (In Q2) 

(0.1309) 

~. 1,950 (In Q5) 

(0.1406) 

+ 0.2291 (In Q3) 

(0.1344) 

In H
rd 

In Q1 In Q2 In Q
3 

,In Q5 ' 
------------~--------.--,---------.------

upper, bounds 
lower rounds 

mean 

6.4072 
4.2032 
5.2247 

3.7849 
-0.1431 

2.5873 
, . '. 

4.6260 
1.0176 
3.7537 

5.1319 
1.8458 
3.1540 

3.8250 
0.5108 
2.5754 

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

Mission-Aransas and Nueces Estuaries Red Drum Harvest ~ f (seasonal FINCm.a.n g/) 
Very Highly Significant Natural Log Equation (a ~ 0.1%, r2,~ 82%, S.E. Est. ~

:!:. 0.3715) 

In Hrd ~ 2.1482 - 0.2812 (In Q1) 

(0.1662) 

+ 0.2144 (In Q5) 

(0.1597) 

+ 0.4435 (In Q2) 
(0.1280) , 

+ 0.3647 (In Q3) 

(0.1672) 

In Hrd In Q1 In Q2 In Q3 In Q5 ------------------------ ---~----:---
upper bounds 6.4072 
lower rounds 4.2032 

mean 5.2247 

4.0158 
1.3262 
3.1401 

5.2416 
2.0626 
4.3007 

5.2409 
2.7191 
3.7378 

4.4886 
1.8718 
3.2128 

-------------.-------------
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Table 8-19. Equations of Statistical Significance Relating the Red Drum 
Fisheries Component to Freshwater Inflow Categories 31 
(cont'd) 

Where: 
In Hrd = natural log, inshore commercial red drum harvest, in thousands of 

pounds; 
In Q = natural log, 

acre-feet: 
mean mo~thly freshwater inflow, in thousands of 

Q1 
= Jan.-Mar. .04 = Sept.-<lct • 

Q2 = Apr.-vun. Q5 = Nov.-Dec. 

Q3 
= Jul.-Aug. 

~ Standard error of each regression coefficient.is shawn in parentheses 
beneath the coefficients of the regression equations 

b/ Freshwater inflow from Mission and Aransas River Basins 
51 Combined freshwater inflow to Mission-Aransas estuary from all 

contributing river and coastal drainage basins 
d/ Freshwater inflow at Nueces delta 
? Combined freshwater inflow to Nueces estuary from all contributing river 

and coastal drainage basins 
f/ Freshwater inflow from Mission, Aransas, and Nueces River Basins 
31 Combined freshwater inflow to Mission-Aransas and Nueces estuaries from all 

contributing river and coastal drainage basins 

VIII-51 



,eo.o 

lH.O 

· ~ 
12~.O 

0 
0 

~ "[12.0 

· · > 96.0 
0 
~ 

~ . 60.0 

0 

~. u.o 
~ 

0 
4S.0 

0 

E 
E J~.O 

0 
u ., 

M 
·0.0 

'60.0 

144.0 

~ 
125.0 

0 
0 

~ "[12.0 

· > 96.0 
0 
~ 

E 'oo , 

" ~ 64.0 
~ 

~ 411.0 
0 

E 
E 32.0 
0 
u 

., 

oo· 
oo 

160.0 

1~~.0 

· ~ 
12~.0 

0 
0 

~ \\2.0 

· > ,., 
0 
~ 

E 50.0 , 

" ~ u.o 
~ , 

~6.0 
0 

E , 32.0 

U ., 
0.0· ,., 

,., 10.0 15.0 20.0 25.0 30.0 5~.O 40.0 

~ean ~onthly Inflow (1000 oc-tt) JAN-~AR 
A. regression coeHicienl = -1.0758, 

$Iondard error = +03273 . 

4~.0 50.0 

13.0 36.0 54.0 72.0 90.0 1011.0 126.0 14~.0 162.0 \110.0 

,., 

Meon ~onthly Inflow (1000 oc-ft) JUL-AUG 

C. regression. coefficient = +0.2928, 

10.0 

Meon 

E. 

stondord error= ±0.19.46 

1~.O 20.0 25.0 50.0 35.0 40.0 45.0 50.0 

Monthly Inflow (1000 ac-H) NOV-DEC 

regreuion coefficient = +0.54.42, 

stondord error = ±.0.293.4 

'" ~ 
0 
0 

~ 

· · t 
0 
~ 

E 
~ 
0 

~ 
~ 

0 

0 

E 
E 
0 

u 

~ 

0 
0 

~ 

> 
0 
~ 

E 
~ 

0 

~ · ~ 

~ 
0 

E 
E 
0 
u 

160.0 

'H.O 

126.0 

"[12.0 

g6.0 

eo.o 

64.0 

46.0 

32.0 

., 

" 

'60.0 

lH.O 

126.0 

112.0 

N, 

50.0 

64.0 

.. , 
32.0 

•. , 

" ~ ~ ~ ~ - - ~ ~ = -
~ean Monthly Inflow (lOOO oc-ft) APR-JUN 

8. regression coeHicient = +1.6399, 
stondard error = ±0.276.4 

~ 
O.O·l--~-~-~--~-~-~-~-~ __ ~_~ 

~5.0 90.0 135.0 160.0 225.0 270.0 315.0 360.0 ~05.0 450.0 ,., 
Mean Monthly Inflow (1000 ac-tl) SEP-OCT 

D. regression coefficient = -0.1845, 
standord error = +0.1673 

Figure 8-9. Nueces Estuary Red Drum Harvest as a 
Function of Seasonal Inflow to the Estuary from 

Combined River and Coastal Drainage Basins, 
Where All Other Seasonal Inflows in the 
Multiple Regression Equation are Held 

Constant at Their Mean Values 

VIII-52 



Black Drum 

Analysis of the black drum fisheries rollqJOnent additionally results in 
natural log regression equations for each of the freshwater inflow categories 
(Table 8-20). 'ttle best significant equation (fourth equation, Table 8-20) 
accounts for 92 percent of the observed harvest variation and is highly sig
nificant (a = 0.1%) for rorrelation of Nueces estuary black drum harvests 
to winter, Spring, Sl.Ul1l1\er, and autumn season inflows to the estuary from its 
contributing river and roastal drainage basins. 

Seasonal freshwater inflow information is again similar to the previously 
discussed finfish, spotted seatrout, and red drum fisheries romponents, 
although the presence or absence of a statistically significant response to 
Nueces estuary autumn and late fall inflcMs is rot uniform among the rom
ponents. The curvilinear harvest responses are strongly negative to January
March (Q1) inflow (Panel A, Figure 8-10), strongly positive to April-June 
(Q2) inflow (Panel B, Figure 8-10), positive to July-August (Q3) inflow 
(Panel C, Figure 8-10), and negative to. September-{)ctober (Q4) inflow (Panel 
D, Figure 8-10). It is roted that the estimate of annual harvest necreases 96 
percent as winter inflow increases (Panel A), and increases about 67 times the 
minimum harvest estimate as spring inflow varies over its observed range 
(Panel B). Maximization of black drum harvest is therefore statistically 
related to increased spring and surraner inflows, and decreased winter and 
autumn inflows to Nueces estuary. 

Fisheries Component Surranary 

The fisheries analysis involves 10 fisheries romponents and six fresh
water inflow source categories in the analytical design, allowing a maximum 60 
potentially significant equations. TIle analysis results in 52 regreSSion 
equations of statistical significance and is thus successful for A7 percent of 
correlations attempted •. Although each of the ·inflow categories can potential
ly produce 10 significant equations, the analysis yields 10 equations with 
freshwater inflow from Mission and Aransas rivers (FINMA), eight equations 
with combined freshwater inflow to Mission-Aransas estuary from its contribut
ing river and coastal drainage basins (FINCma), eight equations with fresh
water inflow at Nueces delta (FINND), eight equations with combined inflow to 
Nueces estuary from its contributing river and coastal drainage basins 
(FINCn), .nine equations with freshwater inflow from Mission, Aransas, and 
Nueces rivers (FINMAN), and nine equations with freshwater inflow to Mission
Aransas and Nueces estuaries from all' contributing river and coastal drainage 
basins (FINCman). 

Seasonal inflow needs are similar for fisheries components when the signs 
(positive or negative) on the regression coefficients in the harvest equations 
are the same for a season of interest (Table 8-21). Therefore, the seasonal 
inflow needs of the fisheries components can reinforce each other. However, 
where seasonal inflow needs are of opposite signs, the fisheries components 
becane competitive in terms of inflow management. Altogether, these results 
support the hypothesis that seasonal freshwater inflow has a significant 
impact on the estuary's fisheries, ann by ecological implication, on the 
"health" of the ecosystem. 
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Table 8-20. Equations of Statistical Significance Relating the Black Drum 
Fisheries Component to Freshwater Inflow Categories ~ 

Mission-Aransas Estuary Black Drum Harvest = f (seasonal FINMA~) 
H'ighly Significant Natural Log Equation (a = 1.0%, r2 = 64%; S.E. Est. = 
. .±. 0.3431) 

In Hbd = 5.3600 - 0.1820 (In Q1) 

(0.0876) 

- 0.4952 (In Q3) 

(0.1745) 

+ 0.3039 (ln Q5) 

(0.1074) 

In Hbd 
upper bounds 5.6591 
lower bounds 3.9259 

mean 4.7049 

'In Q 
'1 

2.3158 
-2.3026 

1. 0754 

In Q
3 

2.1203 
0.0000 
1 .4565 

In Q5 
2.76:IT 

-0.1823 
0.8617 

Mission-Aransas Estuary Black Drum Harvest = f (seasonal FINCm.a c/) 
'Highly Significant Natural Log Equation (a = 0.5%, r2 = 60%, S.E.-Est. = 
' . .±. 0.3489)" 

In Hbd = 4.6116 - 0.2088 (In Q2) 

(0.0868) 

+ 0.3825 (In Q5) 

(0.1019) 

upper bounds 
lower bounds 

. mean' 

In Hbd In Q2 In Q5 
-=5-. 6"'"'5""'9~1 :::....--4. 724::-1 -- 3. 94 16 
3.9259 1.3863 0.8473 
4.7049 3.6249 2.2226 

------------------------------------------------------------------------------. . 
Nueces 'EstuaryBlack Drum Harvest = f (seasonal FINND d/) 
Very Highly 'Significant Natural Log Equation (a = 0.1%, r2 =88%, S.E. Est: = 
.'±' 0.4342) 

In if '= 
. :bd 3:1912 -.1.0776 (In Q1) 

(0.1622) 

+ 1~ 1504 (In Q2) 

(0.1516) 

- 0.1246 (In Q4) 

(0.0945) 

In Hbd In Q1 In Q2 
upper bounds ~5-. 3-9"::4~5~-3. 540'~0~- 4. 1500 
lower bounds' 2.0794 -0.2657 -0.2657 

mean 3.9384 2.2676 3.2473 

., . 
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Table 8-20. Equations of Statistical 'Significance Relating the Black Drum 
Fisheries Component to Freshwater InflCM Categories a/ (cant' d) 

. , .- • J':' . ~ 

Nueces Estuary,Black Drum Harvest ~ f (seasonal FINCn e/) 
Very Highly Significant Natural Log Equation (a ~ 0.1%~ r2 ~ 92%, S:E. Est. ~ 
~O.3534) , 

In Hbd ~ 2.4260 
." .. 

- 1.2457 (In Ql) + 1.4119 (In Q2) + 0.2493 (In Q3) 

(0.1787) (0.1642) (0.0905) 

,;- 0,2116 (In Q4) 

(0.0921) 

In Hbd In Ql In Q2 In Q3 In Q4 -
, upper bou,/ds 5.3945 3.6323 4.3351 5.1309 6.0117 

ICMer bounds 2.0794 1. 0531 1.3524 1:6422 1.6094 
mean 3.9384 2.6454 3:5277 3.1713 '4.5536 

------------------------------------------------------------------------------, , 

Mission-Aransas and Nueces Estuaries Black Drum Harvest ~ f (seasonal 
, FINMAN f/) '" 
Highly Significant Natural Log EqUation (a ~ 1.0%, r: '7' 78%,,'S.E. Est. ~ 
~ 0.2874) 

In Hbd ='5.2142 - 0.2872 (In Ql) 

(0.1113) 

In Hbd 

- 0.2332 (In Q4) 

(0.0790) 

In Ql In Q2 

+ 0: 1,356 (In"Q2) + 0.2525 (In Q3) 

(0.1152) (0.1002) 

+ 0.2179 (In Q5) 

(0.1176) 

In Q3 In Q4 In Q5 ---------------------
upper bounds 5.8556 3.7849 4.6260 5.1319 6.2751 3.8250 
ICMer bounds 4.4875 -0.1431 1.0176 1.8458 1.7047 0.5108 

mean 5.2342 2.5873 3.7537 3.1540 4.7316 2.5754 

Mission-Aransas and Nueces Estuaries Black Drum Harvest ~ f (seasonal 
FINCrn. a. n 5:11) 

Significant Natural Log Equation (a ~ 2.5%, r' ~ 66%, S.E. Est. ~ ~ 0.3356) 

In Hbd ~ 4.8033 - 0.2704 (In Ql) 

(0.1384) 

+ 0.3122 (In QS) 

(0.1485) 

In Hbd In Q1 

+ 0.3307 (In Q3) 

(0.1494) 

In Q3 In Q4 

- 0.1858 (In Q4) 

(0.0888) 

In Q5 ------
upper bounds 5.8556 4.0158 5.2409 6.5338 4.4886 
lower bounds 4.4875 1.3262 2.7191 2.8717 1. 8718 

mean 5.2342 3.1401 3.7378 5.1630 3.2128 
-------------
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Table 8-20. Equations of Statistical Significance Relating the Black Drum 
Fisheries Component to Freshwater Inflow Categories ~ (cont'd) 

Where: 

~ 

b/ 
EI 
d/ 
~ 

f/ 
.9/ 

In Hbd 

In Q 

= natural log, 
p::>unds 

inshore commercial black drum harvest, in thousands of 

= natural log, 
acre-feet: 

mean monthly freshwater inflow, in thousands of 

Q, = Jan.-Mar. 

Q2 = Apr. -,Jun. 

Q3 = Jul. ";Aug • 

Q
4 

= Sept.-{)ct. 

Q
5 

= Nov.";DeC. 

Standard error of each regression coefficient is shown in parentheses 
beneath the coefficients of the regression equations 
Freshwater inflow from Mission and Aransas River Basins 
Combined freshwater inflow to Mission-Aransas estuary from all contri
buting river and coastal drainage basins 
Freshwater inflow at Nueces delta 
Combined freshwater inflow to Nueces estuary from all contributing river 
and coastal drainage basins 
Freshwater inflow from Mission, Aransas, and Nueces River Basins 
Combined freshwater inflow to Mission-Aransas and Nueces estuaries from all 
contributing river and coastal drainage basins -
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Table 8-21. Positive (+) and Negative (-) Correlation of Fisheries COmponents to Seasonal Freshwater Inflow categories 

.----------
Winter Spring Sunlner Autumn Late Fall Annual Explained Significance 
Inn= Inn"" Inn= Infl= InflON' InflCM Variation Level 

Fisheries Q1 Q2 Q3 Q4 Q5 Q6 2 a r 
Coml:~:>nent (Jan.-Mar. ) (Apr.-Jun.): (Jul.-Aug.) (Sept.-<Jct. ) (Nov.-Dec. ) (Jan.-Dec. ) (%) (%) 

Shellfish 
FINMA a/ + + + 52 5.0 
FINC!Ta -b/ + 29 5.0 
FINND c7 + + 64 0.5 
FINCn d/ + + 46 5.0 
FINMAN -:-e/ + + + 70 0.5 
FINC!Tan-Y + +. 60 2.5 

All Shri!1p 
FINMA + + + + 71 1.0 
FINO. + + 67 0.5 
FINND + + 72 0.5 
FINCn + 53 2.5 
FINMAN + + + 88 0.1 
FINeman + + 78 0.1 

;':i Whi te Shri!1p 
H FINMA + + 68 0.5 
H 

FINC!Ta + + 71 1.0 I + 
(Jl FINND . + + 74 0.5 co 

FINCn .' + + 65 1.0 
FINMAN + + + + 84 0.1 
FINC!Tan + + + 80 0.1 

Br~n' and Pink Shrimp 
FINMA + 42 5.0 
FINC!Ta 
FINND 
FINCn 
FINMAN + 56 2.5 
FINC!Tan + 50 5.0 

Blue Crab 
FINMA + + + 50 5.0 
FINC!Ta . 
FINND +. + + 91 1.0 
FINCn + + + 91 l.0 
FINMAN + + + 82 2.5 
FINC!Tan + + 64 5.0 

Bay Oyster 
FINMA + + + 53 5.0 
FINC!Ta + + 42 5.0 
FINND 
FINen 
£INMAN 
FINC!Tan 

---------------------------------------------------------------------------------------------------------------------------------------------
(continued) 
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Table 8-21. Po~itive (+) and Negative (-) Correlation of Fisheries Components to Seasonal Freshwater Inflow categories (cont'd.) 

----------------- Winter----Spring------SlIJl1t1er---:--AutlIDir1----:--f.ate-pall -------Aimual------

Fisheries 
Comp::ment 

Finfish 
FINMA 
FINOla 
FINND 
FINCn 
FINMAN 
FINOlan 

Spotted Seatrout 
FINMA 
FINOla 
FINND 
FINCn 
FINMAN 
FINOlan 

Red Drum 
FINMA 
FINOla 
FINND 
FINCn 
FINMAN 
FlNCmari 

Black Drum 
FINMA 
FINOla 
FINND 
FINCn 
FINMAN 
FINOlan 

Swnmary' 
FINMA 

'FINOna 

FINND 

Inflow Inflow Inflow Inflow Inflow Inflow 
Q

1 
Q

2 
Q

3 
Q

4 
Q

5 
Q

6 
(Jan.-Mar.) (Apr.-Jun. ~, (Jul.-Aug.) (Sept.--{)Ct.) (Nov.-Dec.) (Jan.-Dec.) 

(+)=3 
(-}=3 

(+)=1 
(-)=1 ' 

(+)=1 
(-)=4 

+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 

(+)=5 
(-)=0 

(+)=3 
(-)=1 

, (+)=8 
(-)=0 

+ 
+ 
+ 
+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 
+ 
+ 

(+)=3 
(-)=3 

(+)=1 
(-)=2 

(+)=2 
(-)=1 

+ 

+ 
+ 

+ 
+ 

(+)=4 
(-)=1 

(+)=4 
(-)=1 

(+)=3 
(-)=3 

+ 
+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+' 
+ 

+ 
+ 

+ 
+ 

(+)=6 
(-)=0 

(+)=4 
(~)=O 

(+)=2 
(-)=i 

(+)=1 
(-}=l 

(+)=2 
'(-)=0 

(+)=0 
(-)=0 , , 

Explafned ---- Sfg-nificance 
Variation Level 

2 
C( r 

J.!.L __ , ____ J %) 

59 2.5 
72 1.0 
87 0.1 
92 0.1 
83 0.5 
74 2.5 

81 0.5 
80 0.1 
89 0.1 
92 0.1 
76 0.5 
77 0.1 

54 1.0 
54 1.0 
89 0.1 
91 0.1 
81 0.5 
82 0.1 

64 1 .0 
60 0.5 
88 0.1 
92 0.1 
78 1.0 
66 2.5 

(continued) 



Table 8-21. Positive (+) and Negative (-) Correlation of" Fisheries Components to Seasonal Freshwater InflOw categories (oont'd.) 

Winter Spring Sunmer Autumn -Late Fall Annual 
Inflo.; Inflo.; Infio.; Infl~ Inflcw Infle.; 

Q1 Q2 Q3 Q4 Q5 Q6 
(Jan.-Mar. ) 

SUI1U1lary (Cont' d) 
(AEr.-Jun.): (Jul.-Aug.) (Sept.-<Jct. L (Nov.-Dec. ) (Jan.-Dec. ) 

FINen (+)=1 (+)=8 (+)=4 (+)=2 (+)=3 (+)=0 
(-)=5 (-)=0 (-)=1 (-)=4 (-)=0 (-)=0 

FINMAN (+)=2 (+)=9 (+).=6 (+)=3 (+)=5 (+)=0 
(-)=5 (-)=0 (-)=0 (-)=2 (-)=0 (-)=1 

FINCman (+)=1 (+)=7 (+)=5 (+)=1 (+)=5 (+)=1 
(-)=6 (-)=0 (-)=0 (-)=2 (-)=0 (-)=1 

a/ Freshwater inflow from Mission and Aransas River Basins. 
h/ Combined freshwater inflow to Mission-Aransas estuary from all contributing river .. and coastal drainage resins. 
c/ Freshwater inflow to Nueces delta. 
d/ Combined freshwater inflow to Nueces estuary from all contributing river and coastal drainage resins. 

;S e/ Freshwater inflow from Mission, Aransas, and Nueces River Basins. 
~ f/ Combined freshwater inflow to Mission-Aransas and Nueces estuaries from all contributing river and coastal 
~ - drainage. basins. 

'" a 



Freshwater Inflow Effects 

Introduction 

The hydrologic importance of toth tidal inlets and freshwater infloW for 
ecological preservation of' estuaries has beeh recognized (i 30, 282), SinCe 
the diminution of freshwater inflow to an estuary can decrease nutrient cycl
ing and also result in unfavorable salinity cbnditions, many sCientists have 
pointed to the deleterious effects of reduction and/or alteration of an 
estuary's freshwater inflow regime (26; 170, 137,' 134, 172). Consequently, 
the addition of supplemental freshwater inflow for purpOses of ecological 
maintenance and maximization of seafood production has been recorirnended' for 
the Gulf estuaries of Texas (130, 337), MississiWi and Louisiana (53). 

Perhaps the Il'Ost direct and Il'Ost apparent effects of freshwate'r ihflow 
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, 114, 
405, 406), in sPecies distribution patterns and comiiunity diversity (82, 72, 
77, 58, 84, 22; 120), and ultimately in species evolution (111)', 'Previous 
research emphasizing Texas estuarine-dependent species has dealt with several 
aspeCts of the inflow/salinity relationship including envirorirriental limits 
(319), tolerance to hypersaline waters (76, 93, 7), and rapid recovery of 
typical estuarine cbmmunity species at the end of a severe drought (103), In 
addition, salinity changes reSUlting from man's developnent of ah estuary and 
its contributing river and coastal drainage basins have been reviewed relevant 
to many Texas estuarine-dependent specie"s (80, 354), and their diseases and 
symbionts (174). 

While plants provide an estuary's primary production, most secondary 
production comes from the invertebrate bay fauna. For the invertebrates, 
inflow/salinity effects have a dell'Onstrated physiological c6sis (8, 349, 116, 
125, 347) and'are effective at rrodifying species distribution (290,304, 176). 
The brackish, water clam (Rangia cuneata) has been suggested as an indicator of 
ecological effects associated with salinity changes because of its sensitivity 
(215») however, the' focus of invertebrate management is generally on the 
eConomically important 1l'01lusc' (e.g., oyster) and crustacean (e.g., shrimp and 
crab) "members of the invertebrate group (138). 

Shrimp 

The Gulf of Mexico shrimp fishery is the Il'Ost valuable fishery in the 
Uni ted States (64) and the Gulf estuaries play a cruCial role in the pro
duction of this renewable resource (66, 121). Comnercial shrimp species are 
from the crustacean family Penaeidae. White shrimp (Penaeus setiferus Lin
naeus, 1767) and brown shrimp (P. aztecus Ives, 1891) predominate in Texas 
harVests, although the pink shrimp (P. duorarum Burkenroad, 1939) also occurs 
in small numbers. Synopses of, speciee:life history and biological information 
are available for the white shrimp (129), brown shrimp (24), pink shrimp (29), 
and either species in the 'genus Penaeus (396). Other information especially 
lmPortant for management of this fishery resource comes from research on 
shrimp spawning arid early larval stages (358, 309, 328, 394), seasonal migra
tion behavior (351, 27," 258), utilization of ' estuarine nursery habitats (72), 



and major enivronmental factors influencing species population dynamics and 
production (217, 86, 144, 143, 31, 133) • Species-specific responses 'to 
inflow/salinity conditions in the estuary are fundamentally physiological (5, 
12, 224, 221, 123, 356), and therefore directly influence not only growth 'and 
survival of the postlarval shrimp (421, 422, 420, 404), but the distribution 
of the bay shrimp populations as well (316, 83, 293). 

Results' of the fisheries analysis (i.e., shellfish, all penaeid shrimp, 
white 'shrimp, and brown and pink shrimp fisheries components) support the 
importance, of freshwater inflow to shrimp production and provide quantified 
data on the responses of commercial inshore harvests from the Mission-Aransas 
and Nueces estuaries 'to seasonal fluctuations of the six analyzed inflow 
categories (i.e., FINMA, FINOna, FINND, FINCn, FINMAN, and FINCman). The 
equational rrodels indicate a particularly notable seasonaldichotoiny in the 
harvest responses of shrimp species to winter (January-March) inflow. For 
this season, the white shrimp fisheries component exhibits Positive responses 
to FINMAN and FINOnan inflow categories, while the brown and pink shrimp 
fisheries component gives strong negative responses to the same inflow cate
gories (Table 8-21). The difference may possibly be explained by negative 
effects of increased winter inflow on the late winter, migrations of brown 
shrimp larvae and postlarvae into the estuaries. Unfavorable estuarine condi
tions during this critical period can reduce survival and' growth', resulting in 
decline of ,the subsequent brown shrimp harvest. The uniformly positive 
respon~e to sPring (April-June) inflow supports the recognized importance of 
this season's freshwater inflow to shrimp populations. In general,' seasonal 
shrimp responses to summer (July-August), autumn (September-october), and late 
fall (November,-December) inflows are also positive, except for the negative 
responses of the white shrimp fisheries component to summer inflow (FINND and 
FINCn'·inflow categories) and autumn inflow (FINMA and FINCma). ' 

Blue Crab 

Another major crustacean fishery species is the estuarine-dependent blue 
crab (Callinectes sapidus Rathbun, 1896). Previous research has described 
blue crab taxomony (250, 291), life history (360, 249), migration behavior 
(297, 104, 258), and responses ,to environmental factors such as salinity (195, 
30, 218, 122) and storm water runoff (127). Except for the strong neqati ve 
responses to autumn inflow (FINND and FINCn inflow categories), other seasonal 
responses indicate positive relationships to freshwater inflow (Table 8-21). 

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 corrrnercial 
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 on the 
oyster's general ecology and life history (389, 409), as well as geographic 
variation of ,its populations (197). The effects of inflow/salinity are 
particularly important and have stimulated considerable research covering a 
wide range of subjects including effects on oyster distribution (312, 142, 
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42), gametCXjenesis (developnent of viable eggs and sperm) and spawning (359, 
13, 132, 189), eggs and larvae (6, 39, 390, 393, 96), respiration (320, 403), 
free amino acids which are' protein building blocks (146), and the effects on 
oyster reef growth and rrortality (74, 301), abundance of faunal associates 
( 74, 413),. and reef, diseases (223, 17 4 ~ • ' 

Previous studies have' described the' Texas'oyster fishery (261) and the 
State's major oyster producing areas (397; 265)'. Nun\erous oyster reefs have. 
been recently inventoried in the Nueces and Mission-Aransas estuaries with 
many, located in Copano Bay and the northeastern area of Aransas Bay (378). 
Classified "polluted areas" are closed, to harvest by 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 obnditions. Current
ly, the areas closed include virtually all of Redfish Bay, nearshore waters 
around Live Oak Peninsula, and the nearshore waters around Corpus Christi 
Bay. 

Only oyster harvests' from, the Mission-Aransas estuary were ~ntinuous 
enough for analysis. The results indicate positive harvest responses to 
winter, summer, and late fall season inflows from Mission and Aransas rivers 
(FINMA inflow category), while rombined inflow to the estuary (FINCma) in 
winter, and autumn seasons also relates positively to oyster harvest (Table 
8-21).' ' , 

Finfish 

Estuaries playa vi tal functional role in the life cycle and production 
of' rrost roastal fish species (357, 108, 136, 254, 105). Environmental 
sensitivity of the estuarine-dependent fishes has allowed the use of species 
diversity, indices as indicators of pollution (298). Although migration does 
occur across the boundary between riverine and estuarine habitats by both 
freshwater and estuarine-dependent marine fishes (169, 186), there is a pre
dominance of young marine fishes found in this low salinity area (75). 

In general, seasonal variations in estuarine fish abundance are related 
to life, history and migrational behavior (81, 323, 322, 106, 297, 104, 258, 
193, 264, 292, 418)., The primary effects of inflow/salinity are physiolCXjical 
(102, 107, 126), and are particularly important for the survival of the early 
life stages (101), the metabolism (i.e., metabolic stresses) of adult bay 
populations (315, 318, 325, 286, 408), and juvenile rates of adaptability 
(287, 288). Low temperature extremes can also interact physiolCXjically with 
salinity stress to produce dramatic fish rrortality(69, 70, 73). 

The multi,,·species finfish romponent of the fisheries analysis exhibits 
only negative relationships between harvest and 'winter inflow from all six of 
the freshwater inflow categories (Table 8-21). In opposite, harvest responses 
are uniformly positive to spring and late fall inflows. In addition, four of 
six computed responses to summer inflow are also positive. Negative responses 
are indicated for autumn inflOW, except 'in the category for rombined inflow to 
the Mission-Aransas ~stuary (FINCma). 
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spotted Seatrout 

One of the rrost characteristic fish families of the bays, estuaries and 
neritic coastal waters between' Chesapeake Bay and the Amazon River is the 
modern oony-fish (teleost) family Sciaenidae (357; 222, 105). The sciaenid 
genus crthscion contains four species in the western Atlantic and Gulf of 
Mexico three in Texas waters) with the rrost valued fishery species, the 
spotted seatrout (Cynoscion nebulosus Cuvier), also recognized as the rrost 
divergent of the four seatrout, species (392). The greater restriction and 
estuarine-dependence of this species are reflected in its nearly exclusive 
utilization of estuarine habitats (65, 212, 59) and the "increased genetic' 
differences arrong populations in separate bays (412). Previous research has 
described spotted seatrout life history and seasonal abundance in Texas waters 
(361, 323, 244, 245, 322, 106, 104, 258), and the effects of inflow/salinity 
on metabolism (i.e., 'metaoolic stresses) as salt concentration varies from an 
optimum condition of atout 20 ppt salinity (285, 286, 313, 408, 287, 288). 

Harvest responses to seasonal inflow are similar to those obtained in 
analysis of the general finfish corrponent. Thus, responses of the spotted 
seatrout component are negative to winter inflow and positive to spring and 
late fall' inflows (Table 8-21). In addition, only inflow to the Mission
Aransas estuary'(FINMA and FINCma) results in negative harvest responses to 
summer inflow. Inflow to this estuary also gives the only significant spotted 
seatrout responses to autumn inflow and they are positive for this tropical 
storm dominated season. 

Red Drum 

Another important sciaenid species is the ,red drum or redfish (Sciaenops 
ocellata Linnaeus). Prior studies have reported on the qeneral'biology, food 
(prey) items, and seasonal distribution of the red drum (361, 323, 244, 245, 
148', 324,,322, 106, 4,19; 104, 258, 105, 173).' In addition, the effects of 
inflow/salinity' on the metaoolism (I.e., metaoolic stresses) of the species 
have been investigated as salt concentration varies from an optimum of atout 
25 ppt salinity (286, 408, 287, 288). Similar to results from the finfish and 
spotted'seatrout fisheries components, analysis of the red drum component also 
shONs the general' negative harvest response to winter inflow' and posi ti Ire 
responses to spr~ng, summer, and late fall inflows (Table 8-21). Autumn 
inflows again relate positively to the Mission-Aransas estuary harvest and 
negatively to the Nueces estuary harvest. 

Black Drum 

, 'The blaCk drum (Pc;gonias cromis Linnaeus) is also a sciaenid species of 
corinnercial and recreatlOnal interest. The general biology and life history 
aspects, including ,migrations and seasonal distributions, have been reported 
previously'(323, 105, 258, 361, 324, 322, 357). In addition, the effects of 
inflow/!;;,alinity on the metaooUsm (I.e., metaooUc stresses) of this broadly 
tolerant species have been investigated as salt concentration varies from an 
optimum of atout 20-25 ppt salinity (286, 408). The seasonal importanCe of 
freshwater inflow to the species' production and harvest are derronstrated by 
the fisheries analysis. In general the harvest responses are negative to 
winter and autumn inflow, and positive to spring, summer, and late fall season 
inflows (Table 8-21). As with the previous finfish and spotted seatrout 
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fisheries OJ!l1POnents, the mmputed black drum harvest response is only nega
tive for summer inflow to the Mission-Aransas estuary. 

Harvest Response to Long and. Short Term Inflow 

The fisheries analysis spans the recent 1962 through 1976 short-term 
interval where more mmplete and mmpatible fisheries data exist; however, 
long-term inflow data are available for the estuary from 1941 to 1976 (see 
Chapter IV). Average (arithmetic and geometric mean) inflow mnditions are 
canputed 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 mnditions were 
exceeded in the long-term remrd (Table 8-22). Exceedance frequencies of the 
short-term seasonal inflows for the six freshwater inflow categories vary hath 
above and below the 50 percent frequency level, however, only 36 percent of 
the seasonal inflows are equal to or above this level. Since lower exceedance 
frequencies indicate higher inflow, the short-term data bases are indicated as 
generally "wetter" than the long-term temporal median inflows. 

Although the central seasonal tendencies of the short-term remrd are -t 
given as average (arithmetic and geometric mean) inflow mnditions, the long-' 
term central tendencies are expressed by both average (arithmetic and geom
etric mean) inflow mnditions and the 50 percent exceedance frequency inflows 
which reflect the temporal median inflows to the estuaries from the freshwater 
source categories (89). w'hen short-term and long-term average inflow mndi
tions, as well as the long-term 50 percent frequency inflow mnditions, are 
used separately as input to the previously developed fisheries regression 
equations, predicted harvest responses can be mmPuted for mmparison (Table 
8-23). It is noted that substitution of the long-term average inflows in the 
fisheries equations involves using arithmetic mean seasonal inflows as input 
to linear equations and geometric mean seasonal inflows as input to the 
natural log (In) equations. 

There are 31 positive and 21 negative shifts of the harvest estimates in 
response to the long-term average inflows, and 27.positive and 25 negative 
harvest shifts in response to the 50 percent exceedance frequency inflows, for 
a total of 104 computed harvest responses (58 positive and 46 negative). The 
harvest responses are variable among the fisheries mmponents and range from 
an estimated +182.3 percent shift in black drum harvest (FINND inflow cate
gory) to an estimated -37.6 percent shift in white shrimp harvest (FINCma), 
when rompared to the fisheries harvest levels resulting from the observed 
short-term interval. The results reflect not only differences in inflow quan
tity, but also differences in the seasonal distributions of inflow from the 
freshwater source categories. Sheilfish equational models (i.e., shellfish, 
penaeid shrimp, blue crab, and bay oyster fisheries mmponents) yield 32 posi
tive and 24 negative harvest shifts in response to input of the long-term 
seasonal inflows. In addition, equational models for the fishes (i.e., fin
fish, spotted seatrout, and red and black drum mmponents) respond to lonoterm 
inflows with 26 positive and 22 negative harvest shifts. Therefore, the 
results suggest that overall there are only slight net benefits associated 
with fisheries harvests based on the long-term inflows, since responses are 
near evenly split between positive and negative shifts in harvest from the 
mean levels observed during the short-term interval. However, it is noted 
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Table 8-22. Comparison of Short-Term and IJ:mg~'['ery Seasonal Inflow, Includinq Inflow RxceerIance f'requencies 

Freshwater 
InflCM Category 

, and Season 

f'INMA d/ 
Q1, --(Jan. March) 
Q

2 
(Apri} - June ) 

Q
3 

(July "- Aug.' ) 
04 (Sept.·-'Oct.) 
05 (Nov. - Dec. ) 

Total 

FINOPa e/ 
01 (Jan. - Mar.ch) 
02 (April - June ) 
Q . < • (July - A~q . .J 
03 (Sept. - Oct. ) 
04 . (Nov. ,'- Dec. ,), 

5 
~tal. 

FINND f/' 
. Q1" -(Jan. - March) 
02 (Apr.n . - June ) 
03 (.July;- Aug. )' 
04 (Sept. - Oct. ). 
05 (Nov. - Dec. ) 

Total 

F'TNCn 31 
Q

1 
(Jan; - March) 

Q
2 

(April - June) 
Q

3 
(July -·Auq.'); 

04 (Sent. - Oct. ) 
Q

5 
(Nov. - Dec. ) 

. : "rot~l 

FINMI'\N.h/.':" ~ 

Q,. (":Jan. - March) 
Q2' (Apri 1 - June ) 
03 . (.July .- Aug. ) 
Q

4 
(Sept. - Oct. ) 

05 (Nov. -'Dec. ) 
.'Ibtal 

FIN~"y " 
Q (Jan. - March) 
Q"'.(APdl;- June). 
Q~. \ ,(July , ,- Aug. ) 
Q

4 
(Sept. - Oct~ ) 

05 (Nov. - Dec. ) 
'Ibtal 

',' 

[',eometric 
Short-Term Mean Seasonal 

With Long-Term Exceenance 
Inflow a/ 
Frequencies 

InflON (EF%) c/: InflON (EF%) InflcM (EP%) 

2,' 
20.6 
4~q 

11.8 
2,4 

"4""2:"6 

19,0 
163.') 
40;8~ 

253.8 

~ 

(83) 
(53) 
(60) 
( 55) 
(67) 

(40) 
(20) • 
( 29) 
( 18) 
(27) 

495.9 if 

5,8 
26.1 
15.6 
33,6 
..l.:.l 
84.8 

22.9 
fi5.2 
36,7 
68.6 
15.6 

~ 

11.0 
')6.9 
28.2 
'38.8 
10.0 

164.9 

36.7 
146.5 
65.1 

136.2 
29.5 

414.0 

(66) 
(63)' 
(54) 
(56 ) 
(67) 

(44) 
( 55) 

'(49) 
(55) 
( 49) 

(57) 
(57 ) 
(50) 
(54 ) 
(50) . 

(45) 
(51) 
(48) • 
(53) , 
(42 ) 

3.5 (75) 
18.8 (54), 

4.1 (64) 
10.2 (57) 
2.4 (67) 

39.0 

.1J • .1' (53) 
58.9 (43) 
14.8 ,(50) 
46.8 (52) 
9.9 (42) 

141. 7 

52.2.(23) 
'126.4 (43)' 

.i 120.4 (16) 
·2fi6.3 (24) 

21.0 (35) 

63.1 (19) 
148.8 (37) 
136.0 (17) 

,2Q2.1 (2fi) 
27.4 (34) 
~j/ 

15.2 (52) 
62.4 (56') 
47.9 (39) 
74.1 (52) 
10.7 (48) 

2T0:'3 

46.CJ (39) 
158.6 ('30) 
95.7 (38) 

'179.') (48) 
30.2 {41} 

'310.9 

8.8 (42) 
45.2 (35) 
8.6 (48) 

43.fi (32) 
4.7 (39) 

1TO:""<l 

23.4 (34) 
112.6 (29) 
24.8 (40) 

'124.9 (32) 
18:5 P7) 

304.2 

29.0 
77.2 
28.4 

158.6 
20.1 

313 . .1 

(36 ) 
(52) 
( 43) 
(33) 
(36) 

42.3 (28) 
102.1 (47) 
47.7 (42) 

.189.9 (35) 
29.2 (33) 

41T.2 

39.9 (32) 
128.0 (46)' 
46.9 (40) 

226.9 (32) 
26.3 '(30) 

468,0 

69.3 (29) 
221.3 (41) 
84.0 (41) 

349.4 (32) 
49.7 (28) 

773.7 

Long-Term Seasonal Inflow EI 

: Ari thmet ic:Geometric 
Mean Mean 
Inflow Inflow. 

14 
46 
20 
72 

7 
1 59 

33 
115 
54 

15fi 
23 

381 

51 
173 

80 
325 
35 

664 

OJ 

'" 96 
27fi 
43 

fi'i6' 

65 
219 
100 
397 

42 
823 

" 313 
150 
432 
66 

1;00 

5 
14 

5 
10 

3 
37 

10 
38 
12 
35 
,6 

101 

8 
43 
19 
57 

8 

: 135 

.22 
89 
41 
qs 
18 

268 

13 
72 
26 
84 
11 

206 

34 
154 
66 

172' 
27 

453 

10% EF 
InflCM 

30 
132 

44 
164 

14 
384 

69 
330 
132 
412 

46 

989 

108 
606 
192 
808 

84 

1,798 

117 
522 
204 ' 
750 

88 
1;681 

138 
717 
246 
968 

92 
2~' 

195 
813 
330 

1,044 
130 

2-;512 

50% EF 
Inflow 

6 
18 

4 
12 
.2 ' 

42 

12 
39 
12 
40 

6 

109 

9 
57 
20 
58 ' 
, 8 

152 

21 
90 
40 
96 
18 

265 

15 
'84 
28 
84 
12 

233 

33 
153 
64 

172 
26 

" 448 

~ Short-term inflaw data bases, with seasonal volumes in thousands of acre-feet: 
D in'flw' (Nov. 1961 - Oct. 1976) natural log transf.ormed, except for FINOna category, and used in analysis of 

":, s Shellfi'sh, A.ll'-Shrimp, White Sh-rimp, and Rra.o;n ann pink Shrirrp fisheries (l)1l"lJX)t1ent 
D

s
_

1 
l-year antecedent inflow .(.Jan, 1961 - Dec. 1975) natural log transformed, except for FINND and PINen 
categories, anrFuse<i in analysis ,of 'Blue Crab and Bay Oyster fisheries =nI.>onents 

v Of 3-year'average antecedent inflow (Jan. 1959 - Dec. 1975) natural log transformed am used in arldlysis of 
Finfish, Spotted Seatrout, "Red Drum, and Black Drum fisheries romponel')ts 

.£2/ Selected exceedance· frequenCies (Lt.::o;!-pearson Type III) ann their respective seasonal inf.low volumes, in tho~:,ands of 
acre-feet, from the long-term ,historical record (1941;-1976) 

c/ Long-tenn exceE>dance frequencies, in percent, of the short-term rrean seasonal inflows 
'd/ Freshwater inflCM, from Mission, aJ}d ·Aransas River Basins e/ 'Freshwater inflow to Mission-Aransas estuary from rombined river and o:>3stal drainage basins 
f/ Freshwater inflaw at Nueces delta , . 
9:/ Freshwater inflow to Nueces estuary. from cnrnbined river and coastal drainage .b3.sins 
h/ F"reshWater inflci.J frcim Mission, Aransas, ann Nueces River Basins 
i/ Freshwater inflaw to Mission-Aransas and Nueces estllaries from rornbined river and coastal drainage basins 
11 Arithmetic meal') value' , -

. , 
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90% EF 
Inflow 

1 
1 
1 
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1 
3 
1 
1 
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1 
1 
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15 
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42 
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6 
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Table. 8-23. Estimaten Average Inshore Harvest Responses from Fisheries Comoonent Equations (Jsing Short-Term Mean Inflow, Long-Term Mean Inflow and 
Long-Term 50 Percent Exceedance Frequency Inflow. 

Fisheries 
Corrp:ment 

Shellfish 

All 
Shrinp 

White 
Shrirrp 

Mission and-Aiansas-Ri vei:::-stnflow 
FINMA ~ 

Short-Term: Long-Term 
:Mean Inflow: Mean-Inflow 

Harveste/:Harvest (Shift) 

Long-Term 
,50%EF d/ Inflow 

f/:Harvest (Shift) 

1,454.2 1,426.1 (- 1.9) 1,393.3 (- 4.2) 

850.2 888.0 (+ 4.4) 888.9 (+ 4.6) 

676.4 610.9 (- 9.7) 483.2 (-28.6) 

Brown & Pink 
Shrirrp 

277.9 270.6 (- 2.6) 277.4 (- 0.2) 

Blue Crab 

Bay Oyster 

Finfish 

SPJtted 
Seatrollt 

Red oiwn 

Blad; 
Drum 

376.5 

6.3 

573.4 

203.9 

146.1 

110.5 

439.5 (+ 16.8) 

9.0 (+ 42.4) 

584.7 (+ 2.0) 

128.8 (- 36.8) 

91.2 (- 37.6) 

139.3 (+ 26.1) 

473.9 (+25.9) 

6.6 (+ 4.8) 

536.7 (- 6.4) 

201.6 (- 1.1) 

99;4 (-32.0) 

133.0 (+20.4) 

COI'l'bined Estuary Ioflc:w 
FINCma .t! 

Nueces Delta InflCM 
FINND y 

:Short-Term: Long--rferm ;. Long-Term :-Sh-ort-Term: t.ong-Term Long-Term 
SOtEr InflCM :Mean Inflow: Mean Inflow :50% EF Inflow :Mean Inflow: Mean-Inflow 

Harvest :Harvest (Shift):Harvest (Shift): Harvest : Harvest (Shift) :Harvest (Shift) 

1,454.2 

954.3 

676.4 

6.3 

573.4 

203.9 

146.1 

110.5 

1,143.4 (-21.4) 1,164.4 (-19.9) 

891.5 (- 6.6) 

620.1 (- 8.3) 

(no equation) 

(no equation) 

5.2(- 18.5) 

545.0 (- 4.9) 

127.5 (-37.5) 

94.9 (-35.0) 

90.2 (-18.4) 

655.4 (-31.3) 

422.2 (-37.6) 

6.1 (- 3.2) 

534.9 (- 6.7) 

182.2 (-10.6) 

97.6 (-33.2) 

89.7 (-18.8) 

519.8 

433.6 

292.9 

118.3 

174.8 

44.2 

28.0 

51.3 

598.9 (+ 15.2) 

495.6 (+ 14.3) 

355.9 (+ 21.5) 

(no equation) 

187.9 (+ 58.8) 

'(00 equation) 

248.4 (+ 42.1) 

74.0 (+ 67.3) 

33.2 (+ 18.7) 

119.1 (+132.0) 

632.7 (+21.7) 

533.9 (+23.1) 

382.2 (+30.5) 

90.4 (-23.6) 

284.3 (-+'>2.6) 

85.9 (+94.3) 

42.8 (+52.9) 

144.8(+182.3) 
-------------------------------------------------------------------------------------------------------------~----------------------------------~-----

(continued) 
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Table 8-23, Estimated Average Inshore Harvest Responses from Fisheries Component Equations Using Short-Term Mean Inflow, Long-Term Mean Inflow and 
Long-Term 50-Percent Exceedance Frequency Inflow. (cont'd) 

Combined Nueces rnflCM : Mission, Aransas, and Nueces Rivers Inflow: Comhuled Estuaries rnflcw 
FINCn 3/ FINMAN !y FINOnan iI 

Fisheries Short Term: Long-Term Long 'J'erm :Short Term Long Term Long-Term Short-Tenn: Long Term 
Component :Mean Inflcw: Mean-Inflow :SO%EF dl Inflow :Mean Inflow: Mean Inflow : 50% EF Inflow :Mean Inflow: Mean-Inflow 

Harvest e/:Harvest (Shift) f/:Harvest (Shift) Harvest :Harvest (Shift):Harvest (Shift): Harvest : Harvest (shift) 

Shellfish 519.8 578.2 (+ 11.2) 579.0 (+ 11.4) 2,020.3 2,191.2 (+ 8.5) 2,263.2 (+12.0) 2,020.3 

All 433.6 489:9 (+ 13.0) 495.5 (+14.3) 1,307.5 1,405.5 (+ 7.5) 1,462.7 (+11.9) 1,307.5 
Shrirrp 

White 292.9 349.1 (+ 19.2) 351.1 (+19.9) 901.8 962.6 (+ 6.7) 1,009.2 (+11.9) 1,025.2 
Shrirrp 

Brcwn & pink: (no equation) 439.1 440.2 (+ 0.3) 445.8 (+ 1.5) 439.1 
ShriITp 

Blue Crab 118.3 216.5 (+ 83.0) 108.9 (- 7.9) 796.2 600.9 (-24.5) 646.6 (-18.8) 796.2 

Finfish 174.8 278.4 (+ 59.3) 294.1 (+68.2) 799.2 798.9 (- 0.0) 820.1 (+ 2.6) 868.9 

Sp:::!tted 44.2 69.5 (+57.1) 73.1 (+65.4) 269.0 270.7 (+ 0.6) 236.8 (-12.0) 269.0 
, Seatrout 

Red Drum 28.0 37.5 (+ 33.9) 40.0 (+42.9) 185.8 135.1 (-27.3) 144.9 (-22.0) 185.8 

Blad< 
Drum 51.3 105.6 (+105.7) 113.5 (+121.2) 187.8 215.2 (+14.7) 219.0 (+16.6) 187.8 

a/ Freshwater inflow from Mission and AransaSlRiver-Basins 
b/ Combined freshwater inflow to Mission-Aransas estuary EDam all contributing river and coastal drainage basins 
cl Freshwater inflow at Nueces Delta 
d/ EF = exceedance frequency 
e/ Mean inshore harvest, in thousands of pounds 
I/ Shift in percent increase (+) or decrease (-) of harvest estimate 
21 Combined freshwater inflow ,to Nueces Estuary from all contributing river and coastal drainage basins 
hi Freshwater inflow from Mission, Aransas, and Nueces River Basins 

1,905.6 (- 5.7) 

1,343.4 (+ 2.7) 

1,142.3 (+11.4) 

369.4 (-15.9) 

657.3 (-17.4) 

924.0 (+ 6.3) 

268.1 (- 0.3) 

155.3 (-16.4) 

198.0 . (+ 5.5) 

II Combined freshwater inflow to Mission-Aransas and Nueces estuaries from all contributing river and ooastal drainage basins 

Long-Term 
50%EF Inflow 

:Harvest (Shift) 

1,909.1 (" 5.5) 

1,340.6 (+ 2.5) 

762.6 (-25.6) 

462.9' (+ 5.4) 

646.1 (-18.9) 

810.2 (- 6.8) 

236.5 (-12.1) 

153.2 ("17.5) 

195.2 (+ 3.9) 



that of 32 harvest shifts associated with lorig-term 'inflCMs to the Nueces 
estuary, (FINND and' FINCn inflCM "categories), all are IJOsi ti ve except for two 
negative ,blue crab harvest shifts. 

While management policies Could favOr the specific seasonal inflCM needs 
of preferred fishieries components, it is in reality difficult and in many 
cases impossible to, maximize the harvests from nore than one fisheries com
ponent at the same time because of' competitive seasonal inflCM needs among the 
species. Nevertheless, management 'scenarios for inflCM can be developed that 
predict good harvest levels from several of the fisheries components simul
taneously (see Chapter IX). ' 

Summary 

Virtually all of the Gulf fisheries species are estuarine-dependent. 
Corranercial inshore harvests (1962-1976) from bays of the 'Mission-Aransas 
estuary rank fourth in shellfish and third in finfish, while bays of the 
Nueces estuary rank sixth in shellfish and seventh in finfish of eight major 
Texas estuarine areas. In addition, the sport or recreational finfish harvest' 
is approximately equal to the comnercial finfish harvest in the estuaries. 
For the 1972 through 1976 interval, the average annual sport and cornnercial 
harvest (inshore and offshore) of fish and shellfish dependent upon the Nueces 
and Mission-Aransas estuaries is estimated at 19.6 million pounds (8.9 million 
kg; 81 percent shellfish). 

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). 'l11ese variations are affected by the 
seasonal quantities and sources of freshwater inflCM 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 conditions and their harvests used as rela
tive ecological indicators, insofar as they reflect the general productivity 
and "health" of an estuarine ecosystem. 

A time series analysis of the 1962 through 1976 cornnercial bay fisheries 
landings was successful for 87 percent of the correlations attempted between 
the harvests and the seasonal freshwater inflCMs to the Nueces and Mission
Aransas estuaries. The analysis of harvest as a function of the seasonal 
inflCMs results in 52 statistically significant regression equations. These 
equational models provide numerical estimates of the effects of variable sea
sonal inflCMs, contributed from the major freshwater sources, on the cornner
cial harvests of seafood organisms from the estuaries. 'l11e analysis also 
supports existing scientific information on the seasonal importance of fresh
water inflCM to the estuaries. Virtually all harvest responses to spring 
(April..,June) and late fall (November-December) inflCMs are estimated' to' be 
positive for increased inflCM in these seasons. In addition, most estimated 
harvest responses to increased summer (July-August) inflCM are also positive. 
Although several shellfish organisms (i. e., white shrimp, blue crab, ann 
oyster) are estimated to relate positively to winter (January-March) inflow, 
all fisheries components containing fish species (e.g., spotted seatrout, 
redfish, and black drum) are estimated to relate negatively to this season's 
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inflCM. Harvest responses to autLUllll (September~ctober) inflCM are IlDre 
variable than responses to other seasons, possibly because the season is 
tropical storm dominated. In general, IlDst shellfish organisms relate 
positively to autLUllll season inflCM while fish species relate negatively. 
Exceptions ,occur with the positive relationships of spotted sea trout and red 
drum harvests to Mission-Aransas estuary inflCM during the autLUllll season. 

where the estimated seasonal inflCM needs of the fisheries cOmponents are 
similar; the components reinforce each other; hCMever, where components are 
competitive by exhibiting opposite seasonal inflCM needs, a management deci
sion llUJst be made to balance the divergent needs or to give 'preference to the 
needs of a particular fisheries component. A choice could be made 00 the 
basis of which species' production is IlDre ecologically dlaracteristic and/or 
econanically important to the estuary. Whatever the decision, a freshwater 
inflCM management regime can only provide an opportunity for the estuary to be 
viab~e and productive because there are no guarantees for estuarine pro
ductivity based on inflCM 'alone, since many other biotic and abiotic factors 
are capable of influencing this production. These other factors, hCMever, are 
largely beyond human control, whereas freshwater inflows can be restricted by 
man's activities so that fish and wildlife resources are adversely affected. 
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CHAPTER IX 

ESTIMATED FRESHWATER 
INFI.ao1 NEEDS 

Introduction 

In previous chapters, the various physical, chemical and biological 
factors affecting the Nueces and Mission-Aransas estuaries have been dis
cussed. There has been a clear indication of the irrportance 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 methodology for establishing estimates of the freshwater 
inflow needs for these estuaries, based upon historical data. " 

Methodology for Estimating Selected Impacts of Freshwater Inflow 
Upon Estuarine Productivity 

The response of an estuary to freshwater inflow is due 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) salinity data for finfish and shell
fish, (2) commercial fisheries harvest data, (3) hydrologic data of fresh and 
saline water, (4) water quality data, (5) aquatic food chain data, and (6) 
terrestrial and aquatic, geomorphologic data of the"estuary and the surround
ing coastal "area. 

In this section data and results of previous sections, including (1) 
statistical analysis of relationships among freshwater inflow, commercial 
fisheries harvest, and estuarine salinity; (2) estimates of marsh freshwater 
inundation needs; (3) estimates of nutrient exchange; and (4) records of 
historical freshwater inflow, are used in an Estuarine Linear Programming (LP) 
Model to compute estimates of the monthly freshwater inflows needed to achieve 
specified objectives. The tidal hydrodynamic and salinity transport models 
are then applied to compute salinity levels and circulation patterns through
out the estuary for a set of monthly freshwater inflow needs. 

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 computing the freshwater inflow needs to achieve specified 
objectives as expressed in terms of salinity, marsh inundation, and pro
ductivity. The six data bases developed for the Nueces and Mission-Aransas 
estuaries provide the fundamental information of the system. These data were 
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used in previous sections of these cinalys~s. The relationships and results 
are incorporated into the Estuarine Linear Programming Model to compute esti
mates of effects of various levels of rronthly fre<shwater inflows upon near
shore salinities, marsh inundation and fisheries harvests in these estuaries. 
This model uses an optimization technique to seiect the optimal or "best" 
monthly inflows for the objective specified. The estimated rronthly inflows 
are then used as data inputs in the tidal hydrodynamic and salinity transPort 
models to simulate the effects of the inflows upon circulation and salinity 
patterns in each entire estuary. Should the computed salinity conditions in 
certain critical areas of these estuaries be unsatisfactorily 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 Programning Model con
straints. 

The data bases and analytical processes utilized in this chapter have 
been described in detail in previous chapters. Only the procedures necessary 
to establish salinity rounds, 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-dependent fisheries organisms are 
fundamentally physiological, and influence growth, survival, distribution, ana 
ecological relationships (see Chapter VIII). 

Specific information on salinity limits, preferences and/or optima for 
selected fisheries species has been tabulated from the scientific lite.rature 
and 'I'CWR research data (Table 9-1). The optimum mndition for rrost of these 
species lies between 25 percent and 75 percent seawater (8.8-26.3 opt). < Young 
fish and < shellfish commonly utilize estuarine "nursery" habitats that are 
below 50 percent 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 per se, that is rrore 
important because of life cycle events such as spawning and migration. l~ile 
the salinity limits for distribution of the species are ecologically informa
tive, they are often physiologically too broad. Conditions encouraging good 
growth and reproduction are corrrnonly restricted to a substantially narrower 
range of salinity than are simple survival needs. 

Data on salinity effects, combined with life cycle information, were 
utilized to provide seasonal rounds 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 viability salinity 
limi ts, the seasonal rounds 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 two control points in < 
these estuaries below the "Null Zone" 11: ( 1) in upper Copano Bay near 

Null Zone: The general area where the net landward flow creates the 
phenomenon of landward and seaward density currents being equal but 
opposite in effect. The nullification of net rottom flows in this area 
allows suspended materials to accumulate and has also been termed the 
entra;:rnent < zone, the critical area, the turbidity maxima, the nutrient 
trap, and the sediment trap (379, 90). 
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Table 9-2. Salinity Characteristics of Upper Nueces Bay and Upper Copano Bay 

Salinity in Salinity in 
Upper Nueces Bay !y Upper Copano Bay !2! 

(ppt) (ppt) 

Month Upper c/ LcMer c/ : Historic Upper c/ LcMer c/ Historic 
Viability ViabilTty: Median Viability Viability Median 

; Limit Limit Limit Limit 

January 30 10 27 30 10 16 

February 30 ' 10 26 30 ·10 15 

March 25 10 26 25 10 15 

April, 20 5 25 20 5 ' 15 

May 20 5 19 20 5 12 

June 20 5 14 20 5 11 

July 25 10 16 25 10 15 

_,August 25 10 20 25 10 18 

September 20 5 18 20 5 14 

October 20 5 15 20 5 13 

November 30 10 18 30 10 14 

December 30 10 25 30 10 15 

a/ Represented by sampling site 2 on linesite 53 (Figure 3 11) 
§! Represented by the average of sampling sites 44-1, 44-2, 54-2 and 54-3 (Figure 

3-12) 
g! These values estimate the limits of long-term viable species activity at 

control points in the estuaries, and not individual organism survival limits 
(Table 9-1) , 
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Mission 'Bay and (2) in upper Nueces Bay near the Nueces River delta. 'Ihe 
limits are· expressed as mean (average) IrOnthly salinitie~ for general limits 
of viability. Fram both locations, salinities generally increase towards the 
Gulf inlet (Aransas Pass) and eventually attain seawater concentration (35 
ppt) • The salinity gradient in the estuary is thus steeper during seasons of 
higher inflow (e. g., .the spring) and less distinct durinq seasonal low inflow 
(e.g., the summer). Moreover, the estuarine-dependent species have adapted 
their life cycle to - the natural freshwater inflow regime and are today 
productively associated with local and State economies. 

Although the fisheries species can generally tolerate salinities greater 
or less than the IrOnthly specified viability range, foraging for food and 
production of body tissue (growth) becomes increasingly more difficult under 
extreme salinities, and may eventually cease altogether because body 
maintenance requirements consume an increasing amount of an organism's 
available energy under unfavorable conditions. High IrOrtality 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 flood or drought, salinity regimes may 
be- 50 altered from normal conditions that IrOtile species commonly residing in 
an estuary may migrate to other areas where the environmental conditions are 
more suitable. Generally, however, the estuarine-dependent species in an 
estuary- will remain in the system during normal periodic salinity fluctua
tions. Should the'normal salinity conditions 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:mthly salinity is a measure of the normal monthly salinity 
condi tion at a ~int in an estuary. The median IrOnthly salinity is that value 
for which one-half of the observed average IrOnthly salinities exceed the value 
and. one-half are less. 'Ihe median monthly salinity thus reflects an 
"expected" salinity in the estuary and represents a numerical value exceeded 
50 percent of the time. Median historic salinities have been computed for the 
two locations in upper Nueces and Copano Bay (Table 9-2) for which the 
salinity-regression equations were developed in Chapter V. 

Marsh Inundation Needs 

The periodic inundation of deltaic marshes serves to maintain shallow 
protected habitats for ~stlarval and juvenile stages of several important 
estuarine species, provides a suitable fluid medium for nutrient exchange 
processes, and acts as a trans~rt mechanism to move detrital food materials 
fram the deltaic marsh into the open estuary. The areal extent of deltaic 
marsh inundation is a function of the channel capacity, discharge rate ann 
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 increasen rainfall and surface runoff that normally 
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occurs during these ITOnths. 'Ihe cyclic periods of high and low freshwater 
discharge have influenced the ,life history of estuarine"'dependent organisms, 
especially the early life stages'.which are dependent upon' marsh' inundation and 
nutrient processes. for biological' productivity. 

The three river deltas of the Nueces and Mission-Aransas .estuaries (the 
Nueces, Aransas, and Mission River deltas) are periodically inundated by 
both fresh and saline waters.1I 'Ihe areal extent of deltaic inundation 
is a function of wind, tide, and discharge rate and volume. If'high tides are 
present, the area of delta inundated by a given peak flood discharge is 
greater than that occurring with rormal or low tides. . 

To· formulate a water management program that incorporates deltaic inunda
tion as an objective, it is necessary to determine roth the frequency and 
magnitude of. historical flood events for each delta associated with an 
estuary •. If what has happened naturally in the past has' been sufficient to 
maintain the productivity of the estuary, incorporation of historical patterns 
into a· management plan will ITOSt likely provide inundation sufficient to 
maintain productivity in the future. 'Ihe areal extent of the deltas asso
ciated with the Mission and Aransas Rivers is quite small rorrpared to other 
major river deltas on the Texas Gulf Coast. Therefore, the Nueces River delta 
is regarded as the only major deltaic system in the Nueces and Mission-Aransas 
estuaries, and hence freshwater inundation needs are assessed only for that 
delta. 

Daily gaged discharge data for the Nueces River near Mathis for the 
period of record (1939-1976) were examined to arrive at ITOnthly and seasonal 
distributions of discharge events with peak flows of 5,000 ft3/sec or 
greater (142 m3/sec) (Table 9-3) , 'Ihe 5,000 ft3/sec peak discharqe was 
determined from field observations to be the flow necessary 'to achieve appre
ciable inundation of the Nueces delta. It was apparent that more inundation 
events have occurred in the late spring and summer mnths of May, June, and 
July than during any other seasonal period. 'Ihe data also suggest that addi
tional. inundation events in the Nueces delta have occurred most often in the 
early fall (September and October). Floods in these months are usually due to 
tropical storms.. According to the biological evidence, spring inundation 
events are necessary for (1) adequate ]Xlysical wetting of the marsh plant 
communities, (2) nutrient exchange and biogeochemical cycling of carbon, 
nitrogen and ]Xlosphorus, (3) transport of detrital food materials, and (4) 
reduction of salinity to . suit the needs of juvenile, estuarine-dependent 
organisms utilizing the "nursery" habitats of the marsh and adjacent Shallow 
water areas. In the tropical storm-dominated fall season, less frequent 
inundation events occur; however, maintenance benefits are still provided to 
the estuary by these inflows. 

y Deltaic inundation is defined as submergence of a portion of the river 
delta by water to a depth of at least 0.5 feet for a period rot less than 
48 hours. These values are based upon TDWR supported research (277, 278). 
Studies indicate that maximum rates of nutrient release from the sediment 
to the overlying water rolumn occur and diminish within the first 48 hours 
of a discrete inundation event, following a prolonged period of emergence 
drying. 
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Table 9-3. Peak Gaged Daily Discharges for Discrete Flood Events Greater Than 5000 ft3jsec in the Nueces 
River Delta, 1939-1976. y ,~ . , ' ,-' , 



If historical inundation events (peak daily <flows greater than 5,000 
ft3/sec or 142 m3/sec) are grouped into those that occur in May, June, and 
July; those that occur in September and October; and the total that occurs 
during the year, it is evident that a median of two inundation events have 
occurred per year in the Nueces delta over the period of record (Table 9-4). 
In order to maintain the historical inundation frequency, the Nueces River 
delta \\QuId need to receive two flood events per year with peak flows greater 
than 5,000 ft3/sec (142 m3/sec) in half of the years in any period. . 

Ideally, inundation events should occur at times which \\QuId provide the 
most benefit to estuarine organisms. The importance of at least one spring 
and one fall event has been discussed j)reviously. Since low salinities and 
shallow habitat (for protection of the young) are primary requisites during 
the spring, any inundation events occurring during this j)eriod will provide 
the greatest benefit to the organisms. An inundation event in May would be 
expected to extend favorable habitat conditions for larval and juvenile stages 
of many estuarine dependent species. The May through JUJ median dai~ peak 
discharge over the period of record has been 8,500 ft /sec (241 m /sec), 
while that of the period September and bctober has been 11,000 ft3/sec (312 
m3/sec) • 

The daily gaged flow hydrograph of several past spring and fall floods 
wi th daily flow peaks near the median were plotted to establish the total 
volume of water associated with flood events. The total flood volumes for the 
spring and fall flood were estimated to be 79.0 and 139.0 thousand acre-feet 
(98 and 172 million m3), respectively. 

Estuarine Linear Programming Model Description 

The. combination of specified objectives and environmental and physical 
constraints relating the interactions of freshwater inflows with selected 
estuarine indicators is termed the Estuarine Linear Programming Model. The 
model relates the conditions of the estuary, in terms of a specified criteria, 
to the set of relevant variables, including rrnnthly inflows from the Nueces 
and Mission-Aransas River Basins!!. A Linear Programming optimization 
procedure is used to compute the rrnnthly freshwater inflows from the Nueces 
and Mission-Aransas River Basins needed to meet specified salinity, marsh 
inundation and commercial bay fisheries levels. The quantifications of 
salinity and' commercial fisheries harvest as functions of seasonal freshwater 
inflow are represented by the statistical regression equations given in 
Chapters V and VIII, respectively. The harvest equation utilized for a given 
species or group is the best significant regression equation accounting for 
the rrnst variance in the data (i. e., having the largest r2 value and having 
the smallest error for the harvest estimate) for the combined freshwater 
inflow to both estuaries. 

Specification of Objectives. The .criteria or objectives in this optimization 
formulation can be any desired estuarine condition. One obiective of interest 

y Additional freshwater inflows are contributed to the estuary from the 
Nueces-Rio Grande and San Antonio-Nueces Coastal Basins; however, the 
individual rrnnthly inflows from these sources are taken to < be fixed at 
their historical average·rrnnthly inflows over the j)eriod 1941 through 1976 
(see Table 9-6). 
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Table 9-4. Frequency of An~ual and Seasonal Flood Events with Peak D~ily 
Gaged,Flaws,Greater than 5,000 ft3/sec in the Nueces River 
Delta, 1939-,1976, 

Nt.nnber of Occurrences over PeriOd of Record 

Nt.nnber of 
,Events per , 

',period 
.~ " ., 
. May-.July 

(x) 
" , 

Freq. (f)~ 
, ! .. 

0 

1 

2 
.,t: '3 ' 

4 
, , 

5 

6 

l: f*x 

Number of Years '= 38 

Mean Nt.nnber Inundation 
eye.nts per year 

15 

15 

3 

4 

.1 

Media~ Nt.nnber 'Inundation 
;, :e'vents per year 

f*xEl 

0 

,15 

6 

12 

4 

37 

.97 

1 

. September-october' 

Freq. (f) f*x 

'18 0 

15 15 

4 8 

3 

26 

.70 

1 

Total 
Annual' 

Freq. (f) f*x 

10 0 

7' 7 

5 10· 

9 27 

5 20 

5 

6 

-----
75 

2.0 

2 

ai, Freq. (f) is the nt.nnber of seasons or years in which the nt.nnber of flood 
-, eventsgreater'than 5,000 ft3/sec equaled x. 
EI f*x stands for f multiplied by x. 

" .... -
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is to canpute the ffil.mmum, annual inflow" to th,e estuary that meets the 
constraints on 'the salinity regime and marsh inundation. Another alternative 
could be to o:irri>ute the estimated' quantity of freshwater inflow to maximize 
the estimated oonrnercial harvests in the estuary. 'lhis harvest could be 
either for an individual fisheries species, a weighted sum of the harvests of 
a group of the oonrnercii'llly inportant'species (e.g., shellfish) or other 
canbinations. ' 

Computation Constraints for the Model. A set of constraints in the model 
relate freshwater inflow to various environmental and statistical limits. 
These constraints include: 

(1) upper and lower limits for the seasonal inflows used in the regres
sion equations which estimate annual commercial bay fisheries 
harvests, 

(2) statistical regression equations relating mean monthly salinities to 
mean monthly freshwater inflows, 

,(3) upper and lower limits on the monthly inflows used in corrputing the 
salinity regression relationships, and 

(4) upper' and lower viability limits on allowable monthly salinities 
(Table 9-2). 

Alternative Estuarine Objectives 

.. Three alternative oojectives are ronsidered as follows: 

Alternative I, Subsistence 
Objective: minimize annual combined inflow to l:oth estuaries while meeting 

salinity viability limits and marsh inundation needs; 

Alternative 
Objective: 

II, Maintenance of Fisheries Harvests 
minimize annual combined inflow to l:oth estuaries while providing 
freshwater inflows sufficient to provide predicted combined annual 
commercial bay harvests from l:oth estuaries for red drum, spotted 
seatrout, white shrimp, and blue crabs at levels no less than 
their mean 1962 through 1976 historical values, satisfying marsh 
inundation needs, 'and meeting viability limits for salinity; 

Alternative III, Finfish Harvest Enhancement' 
Objective: maximize the total annual commercial bay harvest of all finfish in 

the estuary while observing salinity viability limits and marsh 
inundation needs, and utilizing annual combined inflows to each 
estuary no greater than their average historical inflows over the 
1941 through 1976 period. 

The obiectives and constraints for the listed alternatives are indicated 
in Table 9-5. The three specified objectives are not the only possible 
options for the Nueces and Mission-Aransas estuaries; however, they provide a 
range of alternatives: survival or subsistence (Alternative I), maintenance 
of bay harvest levels (Alternative II), and finfish bay harvest enhancement 
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Table 9-5. Criteria and System Per,formance Restrictions for the Selected Estuarine Objectives 

Criteria: 

Maximize Annual Harvest of All Finfish 
Least Possible Annual Combined Inflow 

Constraints: 

Annual Inflow from the Nueces and Mission-Aransas River Basins are each no 
greater than their Average Annual Historical Values (1941-1976) 

Predicted Annual Combined Spotted Seatrout and Red Drum Commercial Harvests 
both estuaries are no less than their Average Annual.Values (1962-1976) 

Predicted Annual Combined White Shrimp and slue Crab Commercial Harvests for 
both estuaries no 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 Lower Limits On Monthly Inflows to Insure Validity of Predictive 

Salinity Equations 
Lower Limits on Mean Monthl~ Nueces River Basin Inflows for Marsh Inundation 

of the Nueces Delta 

for 

Al ternati ves-

I II III 

x 
x x 

x 

x 

x 

x x x 

x x x 
x x x 

x x x 



(Alternative III). An additional enhancement alternative which could be 
evaluated is the maximization of the shrimp (or shellfish) cormiercial harvests 
in the estuary. 

Alternative I: Subsistence. The objective of Alternative I (Subsistence) is 
to minimize total annual freshwater inflows from the Nueces and Mission
Aransas River Basins while meeting specified bounds on salinity in Nueces and 
Copano Bays (Table 9-2) and satisfying marsh inundation needs for the Nueces 
delta.lI The upper salinity bound for each month at each of" the two key 
locations is taken as the minimum of the upper viability limit and the 
historic median salinity (Table 9-2). 

Optimal monthly inflows to the estuary needed to meet the objective are 
determined by the Estuarine Linear Programming Model. The estimated annual 
canbined inflow need amounts to approximately 689.6 thousand acre-feet (850 
million m3) with 397.0 thousand acre-feet (489 million m3) from the Nueces 
River Basin, 46.2 thousand acre-feet (57 million m3 ) from the Mission
Aransas River Basin and 246.4 thousand acre-feet (304 million m3 ) from the 
San Antonio-Nueces (excluding the Mission and Aransas River Basins) and 
Nueces-Rio Grande Coastal Basins (Table 9-6). 

Monthly freshwater inflow needs generated by the Estuarine Linear Pro-" 
gramming Model for Alternative I provide salinities which closely approximate 
those for the required upper bounds during most months of the year (Figures 
9-2 and 9-3). Nueces River Basin inflows during the months of May and Septem
ber provide salinities lower than the maximum required as a consequence of 
meeting marsh inundation requirements in the Nueces River delta. 

Comparisons between the mean historical combined inflows and the esti
mated freshwater inflow needs are made for each month (Figures 9-4 and 9-5), 
for the Nueces and Mission-Aransas River Basins. The estimated monthly fresh
water inflow needs are less than the mean histfll;ical inflows except for the 
month of April from the Nueces River Basin.li The distribution of the 
freshwater inflow needs between basins is illustrated in Figure 9-6. The 
ungaged inflow from the coastal basins is of major significance, since it is 
more than 35 percent of total inflow on the average. 

Implementation of Alternative I for the Nueces and Mission-Aransas 
estuaries under the inflow regime indicated in Table 9-6 is projected to 
result in increases in the majority of commercial bay fisheries harvest 
categories over the average historical levels in the 1962 through 1976 period 
(Figure 9-7). The all-finfish category is predicted to have an annual harvest 
of 858.2 thousand pounds (389 thousand kg), or a one percent decrease from the 
average; all-shellfish harvest, a 30 percent increase above mean 1962 through 

y 

y 

Nueces delta inundation needs include inundation volumes of 79,000 ac-ft 
(98 million m3) for the period May through July, peak daily discharge of 
8)500 ft3/sec (241 m3/sec) at Mathis, and 139,000 ac-ft (172 million 
m ) for September-october (11,000 ft3/sec or 312 m3/sec at Mathis). 
This greater inflow need arises since the upper salinity limit in April is 
significantly less than the median salinity for the sample sites in Nueces 
Bay where the salinity was evaluated (Table 9-2). 
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Table 9-6. Freshwater IoflON' Needs of the' Nueces ari(rMisslon-A~ansas Estuaries 
c ~ "''''' 

under Alternative I:~ 
,< 

.': Coastal Basins 
Aransas and Mission River Basin Nueces River Basin Total InflCM' Ccrnbined Inflcw d/ 

: .. Tbtal Inflow Gaged Inflow Need From :' Total Inflow Inflow Need from'Gaged :San Antonio-: Nueces ": Mission Aransas: NUeoes 
Needs . Mission River Basin bl Needs Portion of the sci§in c/: __ ~ Nueoes : Rio- Grande _ Estuary : EstuarY Month 

'Thousands of Acre-Feet 

January '.-'- ,; 1.9 .7 8.4 6.5 4.0 1.0 5.9 
February 3.4 ·1.2 9.2 7.2 11.0 1.9 14.4 
March ,2.4 .9 9.9 7.9 2.0 .2 4.4 
April 4.5 1.5 24.4 21.5 12.0 2.2 16.5 
May 9.9 2.9 79.0 ~ 72.8 30.0 5.0 39.9 
June 5.4 1.8 34.0 30.5 23.0 4.0 28.4 
July 2.0 .8 22.6 19.8 16.0 3.7 18.0 
August 2.3 .8 14.6 12.2 14.0 2.7 16.3 
September 5.9 1.9 139.0 ~ 129.2 50.0 9.1 55.9 
October 3.6 1.2 34.3 3.0.8 32.0 5.5 35.6 
November 2.4' .9 13.4 11.2 5.0 .6 7.4 
De~r 2.5 .9 8.2 ~ 10.0 1.5 ..1b2 

Annual 46.2' 15.5 397.0 355.8 209.0 37.4 255.2 

a/ All LnflCMs are rrean -rronthly ·values 
hi These values·oamputed using regression equations relating monthly river basin inflow to the estuary with monthly gaged inflows at 
~ USGS Station on the' Mission River near Refugio (#08189500) 
c/ These values CQmPuted using regression equations relating monthly river basiri inflow to the es~uarY with monthly gaged inflows at 
- USGS Station on the Nueces River near Mathis (#08211000) 
d/-Includes all freshwater inflow to the estuary except direct precipitation on .the estuary1s surface (see Chapter IV for definition) 
? ;yolurre of median seasonal flocrl flOol' events 

., 

., 

" 

9.4 
11. 1 
10.1 
26.6 
84.0 
38.0 
26.3 
17.3 

148.1 ' 
39.8 
14.0 
9.7 

434.4 

" 

'. 
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Copano Bay Under Alternative I . 
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1976 historical levels; and blue crab, a predicted 21 percent increase in 
harves above historical levels. The harvest of red drUm had the greatest 
projected decrease frOm historical values with a projected decline of 20 
percent. 

Under the inflow regime given in Table 9-6, the total commercial fishery 
harvest is estimated to be greater than the mean historical value, even though 
the annual inflow is significantly less than the historical average. Upon 
examination of the predictive harvest equations (see Chapter VIII), it was 
determined the seasonal inflow regime for this alternative provided a greater 

. portion of the annual inflow in the April-June season, which is generally the 
season rrost influencial to the harvest. In addition, monthly freshwater 
inflows needed are significantly greater than the historic median (50 percent 
frequency) inflow level and thus would tend to give higher than average 
harvests since the average historical harvests are most influenced. by the 
median inflows than the average freshwater infl~s. 

Alternative II: Maintenance of Fisheries Harvest. The objective of Alterna
tive II (Maintenance of Fisheries Harvests) is to minimize combined freshwater 
inflow to the estuaries while providing inflows sufficient to generate pre
dicted annual commercial bay harvests of red drum, seatrout, white shrimp, and 
blue crab at levels no less than their mean 1962 through 1976 historical 
values, satisfying marsh inundation needs, and meeting viability tounds 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 
746.5 thousand acre-feet (920 million rn3) annually, of which 246.4 thousand 
acre-feet (304 million m3) are contributed from the coastal basins. '!he 
computed annual contributions of the Nueces and Mission-Aransas River Basins 
were 440.3 thousand (542 million m3 ) and 59.8 thousand acre-feet (74 million 
m3 ), respectively. This combined yearly volume of 500.1 thousand acre-feet 
represents 66 percent of the mmbined average 1941 through 1976 historical 
inflows from the Nueces and Mission-Aransas River Basins. 

The Estuarine LP Model does not specify unique rronthly inflows from the 
Nueces River Basin or Mission-Aransas River Basin in the summer (July and 
August) and late fall (November and December) seasons. The inflows in these 
seasons that are greater than the inflows needed in the individual rronths for 
salinity maintenance and marsh inundation. (Table 9-6) muld be distributed on 
a monthly basis in any desired manner, mnsistent with the minimum inflow 
needed in each month, since the inflow variables in the fisheries equations 
represent seasonal inflows. It was decided to distribute the inflows from the 
above seasons to individual months based upon the historical (1941-1976) 
inflow distribution within each monthly grouping (see Chapter III), while 
observing rronthly salinity and inundation needs. 

Monthly freshwater inflow needs generated for Al ternati ve II provide 
salinities in upper Copano Bay (Figure 9-8) and upper Nueces Ray (Figure 9-9) 
which are lower during the rronths of July, August, November and December than 
those under Alternative I, but which continue to closely approximate the upper 
salinity bound in the majority of the remaining rronths. Predicted salinities 
are lower for this alternative than those for Alternative I during critical 
months of fisheries productivity since additional inflow is supplied in those 
months to increase fisheries harvests under Alternative II. 
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Table 9-7. Freshwater Inflow Needs of the Nueces and Mission-Aransas Estuaries under ~lternative II ~ 

Coastal B-asIns 
Aransas and Mission River Basin Nueces River Basin Total Inflow Canbined Inflow dl 

Total Inflow Gaged Inflow Need From Total Inflow Inflow Need from ('..aged :San Antonio-: Nueces- Mission-Aransas: Nueces 
Month Needs Mission River Basin bl Needs Portion of the Basin c/: Nueces : Rio Grande Estuary 

'Thousands of Acre Feet 

January 1.9 .7 8.4 6.5 4.0 1.0 5.9 
February 3.4 1.2 9.2 7.2 11.0 1.9 14.4 
March 2.4 .9 9.9 7.9 2.0 .2 4.4 
April 4.4 1.5 24.4 21.5 12.0 2.2 16.5 
May 9.9 2.9 79.0 91 72.8 30.0 5.0 39.9 
June 5.4 1.8 34.0 30.5 23.0 4.0 28.4 
July 9.5 e/ i.8 38.2 e/ 34.5 16.0 3.7 25.5 
August 5.531 1.8 23.2 0/ 20.4 14.0 2.7 19.5 
September 5.9 1.9 139.03! 129.2 ·50.0 9.1 55.9 
October 3.6 1.2 34.3 30.8 32.0 5.5 35.6 
November 2.4 f/ .9 30.5 fF 27.2 5.0 .6 7.4 
Decenber 2-.2y 1.8 ~y 8.1 10.0 1.5 15.5 

Annual 59.8 19.4 440.3 396.6 209.0 37.4 268.8 

a7 All inf!(7..,rs are rrean rronthfy values 
W These values oomputed using vegression equations relating monthly river basin inflow to the estuary with rronthly gaged inflows at USGS 

station on the Mission River near Refugio (#08189500) 
£I 
d/ 
:31 
y 

<J! 

These values computed using Deqression equations relating monthly river basin inflow to the estuary with monthly gaged inflOWS at USGS 
Station on the Nueces River near Mathis (#08211000) 
Includes all freshwater inflow to the estuary except direct precipitation on the estuary's surface (see Chapter IV for definition) 
Tbtal seasonal freshwater inflow need oistributed to each estuary according to the Nueces and Mission-Aransas River Basins historical 
(1941-1976) rronthly freshwater inflow in the season (July and August) 
Total seasonal freshwater inflow need distributed to each estuary according to the Nueces and Mission-Aransas River Basins historical 
(1941-1976) rronthly freshwater inflow in the season (November and December) 
VollIlTE of l1Edian seasonal flood flow events 

Estuary 

9.4 
11.1 
10.1 
26.6 
84.0 
38.0 
41.9 
25.9 

148.1 
39.8 
31.1 
11.7 

477.7 
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Comparisons between the mean historical 1941 through 1976 oombined 
inflCMs and estimated freshwater inflow needs for Alternative II were made for 
the Nueces and Mission-Aransas River Basins (Figures 9-10 and 9-11). '!he 
average historical inflCMs from the Nueces Basin are generally greater' for 
each llOnth than the freshwater inflCM needs under this al ternati ve. Notable 
exceptions are the llOnths, of April, November, and December. From the 
Mission-Aransas Basin, larger inflCMs than under Alternative I are needed in 
July, August, November and December to increase the finfish harvest. '!he , 
Estuarine Linear Programming Model distributed the combined llOnthly inflows to 
achieve Alternative II (Maintenance of Fisheries Harvests) as indicated in 
Figure 9-12. 

Implementation of Alternative II for the Nuecesand Mission-Aransas 
estuaries under the inflCM regime indicated in Table 9-7 is projected to 
increase oommercial fisheries harvests above average historical levels over 
the 1962 through 1976 period for all harvest groups (Figure 9-13). The all
shellfish harvest is projected to be 39 percent greater than the historical 
annual average, while the all-finfish' harvest is estimated to be 25, percent 
greater than the mean historical 1962 through 1976 harvest. 

Alternative III: Finfish Harvest Enhancement. '!he objective of Alternative 
III (Finfish Harvest Enhancement) is to maximize the annual estuarine commer
cial finfish bay harvest for both estuaries combined while observing salinity 
viability limits and marsh inundation needs, and utilizing annual Nueces and 
Mission-Aransas River Basins inflCMs at levels no greater than their re
spective average historical 1941 through 1976 annual inflows. 

The Estuarine Linear Programming Model was utilized to determine an 
optimal set of monthly river basin inflows to meet the stated objective (Table 
9-8). The annual oombined inflowll from freshwater sources needed to 
maximize the, finfish harvest was estimated 1.009 million acre-feet (1,243 
million m3). '!he total annual contribution from the Nueces River Basin was 
estimated at 604 thousand acre-feet (744 million m3), while 'the correspond
ing Mission-Aransas River Basin contribution was 159 thousand acre-feet (196 
million m3). The remaining annual freshwater contribution of 246.4 thousand 
acre-feet (304 million m3) was the historical average annual inflow from the 
San Antonio-Nueces (excluding the Mission-Aransas River Basin) and, the 
Nueces-Rio Grande Coastal Basins. As with Alternative II, seasonal inflows' 
were distributed llOnthly, where necessary, on the basis of historical inflows 
as indicated in Table 9-8, consistent with the minimum llOnthly needs. 

Monthly freshwater inflow needs generated for Alternative III provide 
salinities (Figures 9-14 and 9-15) which are lower in the majority of llOnths 
for both Copano and Nueces Bays than those under Alternative II (Figures 9-8 
and 9-9). The summer and late fall llOnths, in particular, for Nueces Bay 
(Figure ,9-15) have salinities considerably lower than those under Alternatives 
I or II. Salinity in Copano Bay is also markedly lower under Alternative III 
in the spring, summer, and late fall llOnths, where inflows are required to 
maximize the finfish harvest (Figure 9-14). 

Comparisons between mean historical 1941 through 1976 oombined inflows 
and estimated freshwater inflow needs under Alternative III have been made for 

Y Combined inflow does not include direct precipitation on the estuary's 
surface (see Chapter IV for definition). 
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Table 9-8. Freshwater Inflow Needs of the Nueces and Mission-Aransas Estuaries under Alternative III ~ 

Coastal Basins 
Aransas and Mission River Basin Nueces River Rasin Total InflCM COOIbined rnflCM d/ 

Total Inflow Gaged InflCM Need F'rom Total-Inflow Inflow Need from Gaged :San Antonio-: Nueces- Mission-Aransas: Nueces 
Month Needs :' Mission River Basin bl Needs· Portion of the Basin c/: Nueces·: Rio Grame . Estuary Estuary 

January 
February 
March 
April 
May 
June. 
July 
August 
September 
October 
November 
December 

Annual 

1.9 
3.4 
2.4 

13.8 ej 
41.3 ej 
24.1 ? 
9.5 

37.3 , 
5.9 
3.6· 
5.9 
9'.9 , 

159.0 

.7 
.1.2 

.9 
3.9 
9.9 
6.3 
2.8 
9.1 
1.9 
1.2 
1.9 

...b1. 
42.7 

'fhousands of Acre-Feet 

8.4 6.5 
9.2 7.2 
9.9 7.9 

24.4 21.5 
79.0 s! 66.7 
48.6 50.1 
91.2 fj 84.2 
55.4 f/ 50.6 

139.0 qj 129.2 
34.3 - 30.8 
47.2 42.9 
57.4 52.5 

604.0 550.1 

a/ All inflows are mean monthly values~· . 

4.0 1.0 5.9 
11.0 1.9 14.4 

2.0 .2 4.4 
12.0 2.2 25.8 

, 30.0 5.0 71.3 
23.0 4.0 47.1 
16.0 3.7 25.5 
14.0 2.7 51.3 
50.0 9.1 55.9 
32.0 5.5 35.6 

5.0 .6 10.9 
: 10.0 1.5 ~ 

;209.0 37.4 368.0 

b/ These values computed using regression equations relating monthly river basin inflCM to the estuary with monthly gaged inflows at 
~ USGS Station on the Mission River near Refugio (#08189500) 
c/ These values COl1Puted using regression equations relating monthly river basin inflCM to the estuary with rronthly gaged inflows at 
- USGS Station on the Nueces River near Mathis (#08211000) 
d/ Includes all freshwater inflCM to the estuary except direct precipitation on the estuary's surface (see Chapter IV for definition) 
e/ Total seasonal freshwater inflow need distributed according to the Mission-Aransas River Basin historical (1941-1976) monthly freshwater 
- inflow in the season (April, May and June) 
fl Total seasonal freshwater inflow need distributed according to the Nueoes River Basin historical (1941-1976) rronthly freshwater inflow 
- in the season (July and August) 
:Y Volume of median seasonal flood flCM events 

9.4 
11. 1 
10.1 
26.6 
84.0 
52.6 
94.9 
58.1 

148.1 
39.8 
47.8 
58.9 

641.4 
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, the Nueces and Mission-Aransas Basins (Figures 9-16 and 9-17.)", _, ,'J1I.!! , average 
· historical inflows for the Mission-Aransas Basin are higher than freshwater 
- inflow needs under Alternative· III for t:he winter and early fall rronths, 
sanewhat lower than the estimated needs in the Spring and late fall season, 
and nuch lower than the needs for shellfish enhancement in August. Historical 
inflows from the Nueces Basin are higher than the estinated needs under 
Alternative III for all freshwater needs except in the sUllll\er and .late fall 
seasons, when freshwater needs for finfish harvest enhancement are rrost 
substantial. The Estuarine Linear Progranming Model distributes the rronthly 
inflows to achieve Alternative III (Finfish Harvest Enhancement) as indicated 
in Figure 9-18. 

According to this analysis, implementation of Alternative III for the 
Nueces and Mission-Aransas estuaries under the inflow regime indicated in 

· Table 9-8 would result in an estimated 91 percent increase in the annual com
mercial all-finfish harvest above the mean 1962 through 1976 historical level 
(Figure 9-19). projected increases above mean harvests for the 1962 though 
1976 period in individual fishery harvest categories under Alternative III 
include 50 percent in spotted seatrout, 43 percent. in. the all-shrimp harvest, 
65 percent in blue crab, and 58 percent increase in white shrimp harvested. 

Application of Tidal Hydrodynamic and Salinity TranSport Models 

The determination of preliminary estimates of freshwater; inflow needs, 
described above, must be followed by additional steps in the methodology in 
order to insure that the resulting salinity distribution throughout the 

· estuaries is satisfactory (Figure 9-1). The Estuarine Linear progranming 
· Model considers salinities only at two points in the Nueces and Mission
Aransas estuaries near the najor sources of freshwater inflow. To determine 
circulation and salinity patterns throughout these estuaries it is necessary 
to apply the tidal hydrodynamic and salinity mass transport models (described 

, in Chapter V) using the estimates of rronthly freshwater inflow needs obtained 
from the Estuarine Linear Programming Model. If the circulation patterns and 
salini ty gradients predicted by the hydrodynamic and transport models are 
acceptable, then the tentative rronthly freshwater inflow needs nay be ac
cepted. Should the estimated estuarine conditions not be satisfactory, then 
the constraints upon the Estuarine Linear programming Model must be modified, 
and the model again used to compute new estimates • 

. . Salinity patterns of an 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 rronthly 
mid-bay salinities in Corpus Christi Bay should not exceed 25 parts per 
thousand (ppt) in any rronth under the projected rronthly freshwater inflow 
needs. The lowest annual inflow to the estuary from any of the three alterna
tives ixmsidered here is provided by Alternative I; thus, if the salinity 
conditions across the estuary meet the 25 ppt criteria under Alternative I, 
monthly freshwater inflows under the two other alternatives considered should 
also satisfy the condition (since they specify higher inflows). A lower limit 
on salinity in Corpus Christi Bay is not evaluated since it was not anti
cipated that the rronthly. inflows under the three alternatives would give 
salinities lower than 10 ·ppt.. - . . 
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Simulation of Mean Monthly Circulation Patterns. The estimated rronthly 
freshwater inflow needs to the Nueces and Mission-Aransas estuaries under 
Alternative I were ,used as, input oonditions to, the, tidal hydrodynamics rrodel, 
along with typical tidal and rreteorological oonditioris for 'each rronth,to 
simulate average circulation patterns in the Nueces and Mission-Aransas 
estuaries for each,rronth of the year. 

The output of the tidal hydrodynamics rrodel oonsists of a set of tidal 
amplitudes and net flows computed for each ,cell in the 41 x 28 coITq:>utational 
matrix representing the Nueces and Mission-Aransas estuaries. The oorrputed 
net flows are the average of the instantaneous flows calculated by the rrodel 
over 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 during the tIdal cycle, but rather as a representation of the net 
movement of water created by the oombined action of the Gulf tides, freshwater 
inflow, and rreteorological conditions during the tidal cycle. 

, , 

The resultant circulation patterns can best be 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, with one 
inch corresponding to a flow rate of approximately 22,000' ft3/sec (623 
m3/sec). " 

The flow circulations in the Nueces and Mission-Aransas estuaries were 
simulated for historical average meteorological conditions and estimated 
freshwater inflow needs under Alternative I for each rronthly period. Examina
tion of the circulation plots for 'each of the numerical simulations (using the 
mOhthly inflow needs) reveals that the simulated general circulation patterns 
in the Nueces and Mission-Aransas estuaries are similar for all rronths 
(Figures 9-20 through 9-31). The simulated circulation patterns in these 
estuaries appeared to be wind-dominated. The, prevailing southeasterly wind 
generates the predominant current which moves' water from the eastern portion 
of Corpus Christi Bay, through Redfish, Aransas and Carlos Bays into Mesquite 
Bay of the Guadalupe estuary. 

The circulation pattern in upper Corpus Christi Bay generally oonsists of 
two closed circulation eddies: a clockwise circulation vortex in the southern 
portion of the bay and a oounter-clockwise vortex in the northern portion of 
the bay. The simulated net flow circulation in Nueces Bay are notsignifi
cantly influenced by the currents in Corpus Christi Bay since the net flow 
contribution between the two bays is from Nueces Bay to Corpus Christi Bay. 

The simulated Copano Bay circulation patterns are relatively' unaffected 
by the currents in Aransas Bay, nearby. The net flow exchange between Copano 
and Aransas Bays is relatively small ooITq:>ared to the exchange between the 
other bays of the Nueces and Mission-Aransas estuaries. 

Simulated net flow between the Nueces estuary and Laguna Madre is pre
dominantly in 'a northeasterly direction into Corpus Christi Bay through the 
dredged channels, including the Intracoastal waterway. Only during the rronth 
of September is the flow direction reversed, with Corpus Christi Bay oon
tributing water' into Laguna' Madre. The simulated' net 'fiow, through Aransas 
Pass is predominantly directed ,out ,of the Nueces estuary and into the Gulf of 
Mexico. Only during the rronths of September and October are the simulated net 
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.. Figure 9-23. Simulated Net Steady-State Flows in the Nueces and Mission-Aransas 
Estuaries Under April Freshwater Inflow Needs, Alternative I 
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Figure 9-24. Simulated Net Steady-State Flows in the Nueces and Mission-Aransas 
Estuaries Under May Freshwater Inflow Needs, Alternative I 
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Figure 9-25, Simulated Net Steady-State Flows in the Nueces and Mission-Aransas 
Estuaries Under June Freshwater Inflow Needs, Alternative I 
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Figure 9-26. Simulated Net Steady-State Flows in the Nueces and Mission-Aransas 
Estuaries Under July Freshwater Inflow Needs, Alternative I 
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Figure 9·27. Simulated Net Steady-State Flows in the Nueces and Mission-Aransas 
Estuaries Under August Freshwater Inflow Needs, Alternative I 
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Estuaries Under September Freshwater Inflow Needs, Alternative I 
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Figure 9-29. Simulated Net Steady-State Flows in, the Nueces and Mission-Aransas 
Estuaries Under October Freshwater Inflow Needs, Alternative I 
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Figure 9-30_ Simulated Net Steady-State Flows in the Nueces and Mission-Aransas 
Estuaries Under November Freshwater Inflow Needs, Alternative I 
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Figure 9-31. Simulated Net Steady-State Flows in the Nueces and Mission-Aransas 
Estuaries Under December Freshwater Inflow Needs, Alternative I 
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flows directed into the estuary through Aransas Pass. The simulated ITDnthly 
flows at the exchange points between the Mission-Aransas and Guadalupe 
estuaries (Cedar Dugout and the Intracoastal waterway) are always directed 
from the Mission-Aransas estuary into Mesquite Bay (the ITDst westerly portion 
of the Guadalupe estuarine system). 

Simulated Salinity Patterns. The hydrodynamic simulations resulting from the 
monthly inflows of Alternative I were', used to provide the b3.sic flow circula
·tion information to execute the salinity transport model. The application of 
the salinity model was undertaken for each of the Alternative I ITDnthly inflow 
n~ds. An evaluation of the simulated ITDnthly salinities in the Nueces and 
Mi~sion-Aransas estuaries resul ting from these model operations reveals a 
relatively consistent salinity distribution pattern' for all of the ITDnths 
(Figures 9-32 through 9-43). 

The simulated salinities in the lower portion of Nueces Bay range from 10 
ppt to slightly less than 20 ppt. The simulated salinities throughout ITDst of 
Corpus Christi say ranged from a low of 20 to near 25. ppt, increasing to a 
high of 30 ppt in the area adjacent to Laguna Madre. 

Redfish Bay has simUlated salinities ranging from near 20ppt to over 25 
ppt in the Aransas Pass area. The simulated salinities in Aransas Bay 
decreased from approximately 25 ppt in the vicinity of Aransas Bay to near 10 
ppt in the extreme northern portion adjacent to Lamar Peninsula. Copano, 
Mission and Saint Charles Rays have simulated salinities of less than 10 ppt. 

In all of the ITD!1ths, the salinities in the middle portion of Corpus 
r::hristi Bay are simulated at under 25 pot; thus, meetinq the criterion given 
previously. Further refinement of the' estimated ITDnthlv freshwater. inflow 
needs for the three Alternatives is therefore not considered necessary at this 
time. 

Interpretation of the Physical Significance 'of the Estimated Freshwater 
Inflow 

The ITDnthly freshwater inflow estimated in this 'rePort for the Nueces and 
Mission-Aransas estuaries from the Nueces and Mission River Basins represent 
the best statistical estimates of monthly inflows needed to satisfy selected 
specified objectives for the major estuarine factors of marsh inundation, 
salinity distribution, and fiSheries harvests. These estimates coyer a ,rarqe 
of potential factors and illustrate the complexity of the estuarine system. 

A wide variability of freshwater inflow occurs in Texas estuaries from 
year to year, through drought and flood cycles. The ITDnthly 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 
to completely regulate the inflow extremes. In fact, to do so may be detri
mental to the process of natural selection and other aspects of these vast 
living systems. However, 'some provision may be needed to prevent an increase 
in the frequency of periods of low flows. Such a proviSion could specify 
minimum ITDnthly inflows required to keep salinities below the upper viability 
limits given for key estuarine-dependent species (Tables 9-1 and 9-2~. 

IX-43 
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Figure 9-32. Simulated Salinities in Nueces and Mission-Aransas Estuaries 
Under January Freshwater Inflow Needs, Alternative I (ppt) 
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Figure 9-33. Simulated Salinities in the Nueces and Mission-Aransas Estuaries 
Under February Freshwater I nflow Needs, Alternative I (ppt) 
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Figure 9-34. Simulated Salinities in the Nueces and Mission-Aransas Estuaries 
Under March Freshwater Inflow Needs, Alternative I (ppt) 
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Figure 9-35. Simulated Salinities in the Nueces and Mission-Aransas Estuaries 
Under April Freshwater Inflow Needs, Alternative I (ppt) 
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Figure 9-36. Simulated Salinities in the Nueces and Mission-Aransas Estuaries 
Under May Freshwater Inflow Needs, Alternative I (ppt) 



..,. 
X. 
If ..... 

",. 

0; 

. \.,4' 
/~ / ~ \ 

10, Miles: 
L-____________________ --"'i 

o . 15, Kilometers~ 

Figure 9·37. Simulated Salinities in. the NiJeces and· Mission·Aransas Estuaries 
Under June Freshwater. Inflow Needs, Alternative. I (p'pt) 
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Figure 9-38. Simulated Salinities in the Nueces and Mission-Aransas Estuaries 
Under July Freshwater Inflow Needs, Alternative I (ppt) 
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Figure 9-39. Simulated Salinities in the Nueces and Mission·Aransas Estuaries 
Under August Freshwater Inflow Needs, Alternative I (ppt) 
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Figure 9-40_ Simulated Salinities in the Nueces and Mission-Aransas Estuaries 
Under September Freshwater Inflow Needs, Alternative I (ppt) 
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Figure 9-42. Simulated Salinities in the Nueces and Mission-Aransas Estuaries 
Under November Freshwater Inflow Needs, Alternative I (ppt) 
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Figure 9-43_ Simulated Salinities in the Nueces and Mission-Aransas Estuaries 
Under December Freshwater Inflow Needs, Alternative I (ppt) 



Summary 

A methodology is presented which combines the analysis of the component 
physical, chemical and biological elements of the Nueces and Mission-Aransas 
estuaries into a sequence of steps which results in estimates of the fresh
water inflow needs for the estuary based upon ,·specified salinity, marsh 
inundation and commercial fishery harvest objectives. ' 

Monthly salinity limits are established at locations in these estuaries 
below the ''Null Zone" near the inflow [X)ints of the Nueces and Mission River 
Basins. These upper and lower limits on rronthly salinity provide a range 
within which viable metabolic activity can be maintained and normal historical 
salinity conditions are observed. 

Marsh inundation needs, for the flushing of nutrients from riverine 
marshes into the open bays, are computed and specified for the Nueces River 
delta. The Mission-Aransas River delta is limited in areal extent and far 
smaller than the Nueces delta. As a result, no inflow requirements for inun
dation of the Mission-Aransas River delta are specified from the Mission
Aransas River Basin. The Nueces River delta is frequently submerged by floods 
from the Nueces River. Based upon historical conditions and gaged streamflow 
records, freshwater inflow needs for marsh inundation are estiniated at 79.0 
thousand acre-feet (98 million m3 ) and 139.0 thousand acre-feet (172 million 
m3 ) in the rronths of May and September, respectively. ' These volumes cor
res[X)nd to flood events with JJE!ak daily flow rates of 8,500 ft3/sec (241' 
m3/sec) and 11,000 ,ft3/sec (312 m3/sec), respectively. 

,Estimates of the freshwater inflow needs for the Nueces and Mission
Aransas estuaries are computed by representing the interactions aJrong fresh
water inflows, estuarine salinity, and fisheries harvests within an p.stuarine 
Linear Programming Model. The model computes the rronthly freshwater inflows 
from the Nueces and Mission-Aransas River basins which best achieve a speci
fied objective. 

The rronthly freshwater inflow needs for the Nueces and Mission-Aransas 
estuaries were estimated for each of three alternatives. 

Alternative I (Subsistence): minimization of annual combined inflow to 
both estuaries while meeting salinity viability limits and marsh 
inundation needs; 

Alternative II (Maintenance of Fisheries Harvests): minimization 'of 
annual' combined inflow to both estuaries while providing freshwater 
inflow sufficient to give predicted annual commercial bay harvests 
of red drum, seatrout,' white shrimp, and blue crab at levels no less 
than their mean historical 1962 through 1976 values, satisfying 
marsh inundation needs, and meeting viability limits for salinity; 
and 

Alternative III (Finfish Harvest Enhancement): maximization of the total 
annual bay commercIal harvest of all finfish while meeting salinity 
limits, satisfying marsh inundation needs, and utilizing annual 
combined inflows to each estuary at levels no greater than their 
individual average annual historical inflows over the 1941 through 
1976 period. 
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· Under Alternative.I (Subsistence)., .theNueces and Mission-Aransas system, 
which has functioned as,. both a commercial shellfish and finfish produCing 
system in the past, can continue to be ,impOrtant fisheries prOducing es'tuaries 
with substantially less freshwater inflow: . Freshwater inflows 'totaling 0.69" 
million acre-feet (850 millionm3r annually are, predicted to satisfy the 
basic salinity gradient and marsh inundation' needs, with a resulting 
predicted increase in commercial shellfish bay harvests s>f 30 percent. and a 
one percent decrease in finfish bay. harvests' from average annual harvests for 
the period 1962 .through 1976~ . . . 

Under Alternative II (Maintenance 'of Fisherie's Ha~ests), the' predicted 
annual commercial bay harvests of, red drum, spotted seatrout, white shrimp, 
and blue crab are required to be at least as great as their historical 1962 
through 1976 average levels. The marsh inundation needs and salinity' limits 
must also .be satisfied. To :satisfy these criteria, a total annual freshwater 
inflow of 0.75 million acre-feet (920 million m3) is needed. ' 

" 

Under Alternative III (Finfish Harvest Enhancement), the Nueces and 
Mission-Aransas estuaries combined annual freshwater inflow needs were limited 
to the average annual inflow of 1.009 million acre-feet (1,243 million m3), 
distributed in a seasonally unique manner, to achieve the objective of maxi
mizing the total annual predicted commercial bay harvest of finfish. This 
objective is achieved, using all of the allowed 1941 through 1962 average 
freshwater inflow, with a predicted 91 percent increase in the annual finfish 
bay harvest, above average historic 1962 through 1976 levels, and an estimated 
gain of 64 percent in total commercial shellfish harvest (including a pre
dicted 65 percent increase in the commercial harvest of blue crab). 

The numerical tidal hydrodynamic and salinity mass transport models were 
applied to the Nueces and Mission-Aransas estuaries to determine the effects 
of the estimated freshwater inflow needs for Alternative rlI upon the 
average ITDnthly net flow circulation and salinity characteristics of the 
estuarine system. The ITDnthly simulations utilized typical tidal and meteoro
logical conditions observed historically for each month. 

The net circulation patterns simulated by the tidal hydrodynamic model 
indicate that the dominant net circulation pattern in the Nueces and Mission
Aransas estuaries is a net ITDvement of water from Laguna Madre through Corpus 
Christi, Redfish, Aransas and Carlos Bays and into the Guadalupe estuary. 
Simulated net flows in Copano and Nueces Bays are governed by internal cir
culation currents rather than by circulation patterns in adjacent bay 
systems. 

Simulated steady-state, ITDnthly salinities for the set of monthly inflows 
specified under Alternative I indicate similar patterns in these estuaries 
over all ITDnths. Average simulated salinities in Corpus Christi Bay are less 
than 25 parts per thousand (ppt) except near the entrance to Laguna Madre and 
Aransas Pass. The simulated mean salinities for Saint Charles and Copano Bays 
are .less than 10 ppt. Salinities simulated for Nueces Bay are under 20 ppt, 
with salinities near 15 ppt in the middle portion of the bay. In Redfish and 
Aransas Bays, simulated salinities average over 20 ppt in the former and 
between 10 and 15 ppt in the latter bay. 

VThe alternative having the lowest inflow level and thus the alternative 
- that would impinge ITDst heavily upon maximum salinities. 

·IX-57 



Since the middle portion of CorpUs Christi Bay has simulated salinities 
in all months belCM a target maximum allCMable ooncentration of 25 ppt, the 
freshwater inflCM needs established by the Estuarine Linear Programming Model 
would be adequate to sustain the salinity gradients specified, within that 
objective, throughout the estuary. . 

The estimated monthly freshwater inflCM needs are derived in this report 
are the best statistical estimates of the monthly inflows satisfying specified 
objectives for bay 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 continue 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 ecosystem and its resident aquatic organisms. 
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