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Figure 5-18. Guadalupe Delta SyS18m Showing 
Inundation Areas (45) 

V-29 



0 
100 

90 

80 

C 
L<J 

70 I-« 
C 
Z 
:::> 

60.J z 

:t: 
If) 
a: 50 « 
:::E 

'f .... 
0 4O VJ 

0 
I-
Z 
L<J 
U 30 a: 
L<J 
0... 

20 

10 

o . 
0 

¢'-

50 

_4' -- , / 

X 

5 

FLOOD VOLUME (ACRE-FEET )( 1000) 
100 150 200 250 300 350 

HIGH TIDE . ~~-I(;~-~~~-~-~-~~~~~-~~-~-~~~~-~-~-~-:-~~~~-~:-~~----- ---~ 

X/~I 
, -?-:. ... 

10 

~ 
X= FLOOD PEAK 
Q= FLOOD VOLUME 

NORMAL TIDE 

15 20 25 
FLOOD PEAK (ft'/sec X 1000) 

Figure 5-19_ Simulated Guadalupe Delta Marsh Inundation, 
High and Normal Tides 

30 35 

400 

40 



or 

[2] 

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

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

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

i=l -l. 

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

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

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

St = -10.87 + 5892.2 [3] 

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

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

S = 
m 

[4] 

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

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

Bay 

San 
Antori.io 

San 
Antonio 

Station 

TrnR Network 
2462.01 

TrnR Network 
2462.03 

Salinity 

Period 
of Record 

Jul. 1969 
to 

Jun. 1977 

Sep. 1973 
to 

Sep. 1976 

USGS 
Station 

InflON 

Guadalupe River 
at Victoria & San 
Antonio River near 
Goliad 

Period 
of Record 

Jan. 1940 
to 

Sep. 1976 

No. of Obs. 
for Regression 

32 

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

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

S = 5 113.5 Q -0.779 
y' Y 

[5] 

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

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

where 
ppt, 
0.79. 

S03 = 0.25 + 0.65 S01 

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

[6] 

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

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

Summary 

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

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

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

r r' se 

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

i=l 
0.84 0.70 ** 

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

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

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

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

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

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

W 
0\ 

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

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

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

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

!»v. S 
-o.~79 

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

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

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

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

2462.01 03 01 

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



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

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

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

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

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

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

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

NUTRIENT POOCESSES 

Introduction 

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

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

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

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

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

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

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

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

Nutrient Loading 

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

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

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

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

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

FlCM Range 

ft3/sec 

0-500 

500-1,000 

1,000-5,000 

5,000-10,000 

10,000-Up 

: 

San Antonio River 
at Goliad 

1968-73 1974-76 

51 61.5 

44 53.7 

35 48.5 

25 

25 

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

1968-73 1974-76 

47 

45 ,- 53.4 

40 49.9 

33 48.4 

25 



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

San Antonio River 

I 

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

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

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

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

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

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

10,000-up 0.9 0.9 0.4 0.4 

Guadalupe River 

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

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

0-500 2.0 0.6 0.6 

500-1,000 1.5 1.1 0.7 1.3 0.6 , 

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

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

10,000-up 0.3 0.5 0.6 

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

San Antonio River 

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

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

: : : 

0-500 0.4 0.6 0.4 0.8 0.5 1.0 0.4 1.0 

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

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

5,000-10,000 0.4 0.7 1.2 0.7 

10,000-up 0.4 0.8 1.2 0.8 

Guadalupe River 

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

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

0-500 0.2 0.2 0.3 0.2 

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

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

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

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

0-500 

500-1,000 

1,000-5,000 

5,000-10,000 

10,000-up 

0-500 

500-1,000 

1,000-5,000 

5,000-10,000 

10,000-up 

San Antonio River 

Jan-Mar 
Winter 

:68-73 74-76 

2.0 2.7 

2.0 1.5 

1.0 0.6 

0.9 

0.9 

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

April-,June 
Spring 

:68-73 74-76 

1.7 2.0 

1.2 1.3 

0.6 0.6 

0.6 

0.6 

Guadalupe River 

Jan-Mar : April-,June 
Winter Spring 

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

0.1 0.1 

0.1 0.1 

0.2 0.1 

July-Sept 
St.mU11er 

68-73 74-76 

1.2 2.7 

1.2 1.3 

1.0 1 • 1 

0.5 

0.5 

July-Sept 
Surrrner 

:68-73 74-76 

0.1 

0.0 

Oct-Dec 
. Fall 

68-73 74-76 

1.4 1.6 

0.7 1.7 

0.7 1 • 1 

0.7 

0.7 

------

Oct-Dec 
Fall 

:68-73 74-76 

0.1 

0.1 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

;:i Measured Discharge on Sample Collection Date 
I 

\D 

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

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

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

1968-73 Maximum and ~linimum Daily Discharges 

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

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

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



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

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

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

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

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

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

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

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

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

;:s 
I 

Measured Discharge on Sample Collection Date ~ 

0 

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

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

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

1968-73 Maximum and Minimum Daily Discharges 

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

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



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

1968-73 Average % mean discharge 

1968-73 Range of % discharge 

1974-76 Average % discharge 

1974-76" Range of discharge 

Guadalupe River 
at Victoria 

73% 

48-88% 

73% 

70-77% 

San Antonio River 
at Goliad 

27% 

12-52% 

27% 

23-30% 

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

Guadalupe River 
at Victoria 

San Antonio River 
at Goliad 

Average Percent Contributions of Nutrients 

Inorganic Nitrogen 44% 56% 

Organic Nitrogen 53% 47% 

Total Phosphorus 18% 82% 

Inorganic Carbon 71% 29% 

Range of Percent Contributions of Nutrients 

Inorganic Nitrogen 39-49% 51-61% 

Organic Nitrogen 46-51% 39-54% 

Total Phosphorus 17-19% 81-83% 

Inorganic Carbon 66-75% 25-34% 

VI-ll 



;:i 
I 
~ 

IV 

Table 6-9. 1974-1976 Nutrient Contributions by the Guadalupe and San Antonio Rivers (kg/d) 

Inorg N 
OrgN 
Total P 
Carron 

Inorg N 
Org N 
Total P 
carbon 

Inorg N 
Org N 
Total P 
Carron 

Inorg N 
Org N 
Total P 
Carlx:m 

Inorg N 
Org N 
Total P 
Carl:on 

Inorg N 
Org N 
Total P 
Carron 

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

770 
202 
189 

63,700 

223 
82 
27 

11,700 

159 
46 

8 
8,809 

1,036 
363 
336 

35,707 

433 
94 

169 
5,688 

336 
46 

219 
3,987 

635 
68 
44 

29,600 

416 
42 
31 

19,500 

485 508 
221 207 

98 54 
25,900 24,400 

202 
39 
12 

8,977 

134 
19 
7 

8,731 

825 710 
153 62 
187 134 

16,240 11,044 

546 
88 

220 
7,717 

315 
46 

147 
3,930 

560 
78 

209 
7,079 

316 
29 

163 
4,081 

Guadalupe River 
1974 

668 
448 
214 

15,800 

390 
20 
26 

16,200 

360 678 
146 317 

15 54 
19,500 42,000 

243 
62 
9 

10,135 

182 
44 
12 

7,783 

304 
81 
19 

13 ,800 

1975 

350 
102 

7 
18,800 

1976 

210 
55 
16 

8,423 

183 
37 
20 

11,100 

434 
130 
37 

15,200 

665 
561 
117 

28,491 

San Antonio River 
1974 

619 
61 

165 
8,845 

473 
83 

155 
6,390 

\ 

370 
55 

104 
4,133 

463 
55 

130 
6,947 

588 
277 
148 

11 ,244 

370 
25 

119 
3,290 

658 
87 

217 
8,015 

1975 

339 
66 
99 

7,001 

1976 

296 
63 

120 
3,082 

296 
63 

154 
5,560 

491 
92 

201 
6,158 

732 
249 
306 

8,544 

270 
192 
42 

12,500 

176 
100 
35 

10,100 

450 836 
282 444 

40 32 
24,600 51,200 

566 
371 

88 
27,842 

251 
91 
49 

17,652 

407 281 
115 63 
201 175 

5,649 4,023 

415 
146 

84 
6,909 

376 
198 
126 

10,326 

361 138 
199 88 
116 82 

6,962 4,712 

Jul 

103 
22 
8 

6,100 

511 
276 

48 
23,800 

427 
246 

56 
19,637 

180 
32 
79 

2,549 

477 
97 

178 
8,414 

759 
387 
237 

8,795 

Aug Sept 

120 
120 

14 
7,100 

314 
94 
19 

16,000 

249 
76 
14 

13,883 

292 
105 
138 

5,218 

317 
80 

173 
5,317 

219 
64 
57 

4,316 

266 
177 

54 
15,500 

216 
107 

17 
12,600 

197 
81 
10 

11,956 

583 
399 
340 

9,904 

290 
141 
194 

4,200 

313 
165 
93 

5,537 



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

Marsh Vegetative Production 

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

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

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

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

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

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

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

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

Marsh Nutrient cycling 

Functions of Delta Marshes in Nutrient Processes 

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

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

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

Nutrient Contributions of the Guadalupe River Delta Marshes 

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

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

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

y Inundation is here defined as a layer of water at least 0.5 feet (0.15 m) 
deep remaining for a period of at least 48 consecutive hours. The dura­
tion of such a state is a function of river discharge, wind and tides. 
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Table 6-10. Guadalupe Delta Inundation Study 

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

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

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

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

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

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

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

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

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

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



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

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

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

Wetlands Processes 

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

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

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

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

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

River Discharges 

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

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

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

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

TOtal TOC Exported during 1 st day (kg) 

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

TOC Export following 1st day 
(kg/d) 

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

25- 00 3.7 

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

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

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

1 
2 
3 
4 
5 
'6 
7 
8 
9 

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

25- 00 

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

3.7 

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

983 
929 
875 
821 
767 
714 
660 
606 
552 
498 
498 

:25,524 

:11,955 

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

967 
904 
840 
777 
714 
650 
587 
587 

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

968 
900 
832 
764 
696 
629 
629 

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

944 
873 
801 
730 
659 
659 

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

963 
890 
817 
745 
672 
672 

Total TOe Exported during 1st day (kg) 

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

TOe Exported following 1st day 
(kg/d) 

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

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

987 
914 
839 
765 
690 
690 

35,366 

16,56~ 



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

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

Surrmary 

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

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

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

PRIMARY AND SECCNDARY my PRODUcrION 

Introduction 

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

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

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

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

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

, brates. 

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

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

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

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

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

Phytoplankton 

Data Collection 

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

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

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

Results of Analyses 

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

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

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

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

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

Region !Y' Species :Percent Composition !y 

Region I 

Region I! 

Region II! 

All Regions 

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

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

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

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

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

-82.1 

31.8 
18.0 
12.4 
8.3 
5.5 
4.3 

80.3 

21.6 
14.4 
14.2 
9.6 
8.5 
8.4 

76-:7 

22.9 
17 .9 
12.7 

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

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

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

Zooplankton 

Data Collection 

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

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

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

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

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

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

ectoprocts. 

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

Results of Analyses 

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

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

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

Zooplankton Region I a/ Region II Region III 

(percent) 

Acartia tonsa 70.0 52.0 50.1 

Immature barnacles 11.4 45.4 45.8 

Immature copepods 3.3 0.9 1.7 

Gastropod veligers 5.2 0.5 0.5 

Other copepods 4.5 0.4 0.2 

Others 5.6 0.8 1.7 

Total Zooplankton 100.0 100.0 100.0 

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

Region !y Species Percent Composition BI 

Region I 

Region I! 

Region II! 

All Regions 

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

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

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

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

a/ Refer to Figure 7-2 for location of Regions I, II, and III. 
Y Total Zooplankton Biomass = 100 percent 
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70.0 
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99.4 

50.1 
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0.5 
0.5 
0.4 
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54.5 
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0.6 
0.5· 
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study is in agreement with zooplankton studies in Sabine Lake (336, 47) and 
Nueces, Corpus Christi, Copano, and Aransas Bays (281). 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

32.-36. Samples 
Occurrences 
Avg. Catch 

36.-40. Samples 
Occurrences 
Avg. Catch 

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

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

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

Benthos 

Data Collection 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

32.-36. Samples 
Occurrences 
Avg. Catch 

36.-40. samples 
Occurrences 
'vg. Catch 

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

------

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

(percent) 

Molluscan gastropods 52.4 48.1 3.6 

Molluscan bivalves 31.5 13.4 17.6 

Annelids (polychaetes 10.3 37.6 76.9 
and oligochaetes) 

Arthropod crustaceans 3.3 0.1 0.1 

Nemertines 0.2 0.6 1.6 

Insect larvae 2.0 0.1 0.1 

Others 0.3 0.1 0.1 

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

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

Results of Analyses 

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

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

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

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

Region !Y' 

Region I 

Region II 

Region III 

All Regions 

Species 

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

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

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

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

Percent Composition BI 

51.2 
28.2 
4.8 
3.8 
2.4 
1.9 

92.3 

46.0 
25.2 
10.7 
4.8 
3.8 
2.1 

92.6 

47.8 
14.4 
11 .3 
8.5 
5.0 
3.8 

90.8 

43.7 
18.2 
17.3 
3.4 
3.4 
2.0 

88.0 

a/ Refer to Figure-7-2 for location of Regions I, II, and III. 
Y Total Benthic Biomass = 100 percent 

VII-26 



Table 7-9. Distribution of Littoridina sphinctostama by Salinity and Temperature Ranges, San Antonio Bay, 
March 1972 - July 1974 

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

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

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

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

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

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

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

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

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

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

32.-36. Samples 
Occurrences 
Avg. Catch 

36.-40. Sanples 
Occurrences 

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

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

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

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

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

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

16.-20. Samples 3 5 3 5 8 8 15 1 4 
Occurrences 1 4 2 2 8 5 12 1 1 
Avg. catch 2 15 4 10 15 30 47 32 5 

20.-24. samples 2 4 1 1 3 8 6 1 
Occurrences 1 3 0 0 2 8 5 1 
Avg. Catch 10 34 0 0 47 I. 30 36 

24.-28. Samples 2 5 2 6 5 3 2 1 
Occurrences 2 3 0 1 3 2 1 1 
Avg. catch 20 7 0 • 3 • 21 45 

28.-32. Samples 2 1 3 1 
Occurrences 2 1 0 1 
Avg. Catch 12 3 0 28 

32.-36. Samples 
Occurrences 
Avg. Catch 

36.-40. Samples 
Occurrences 
A~. Catch 

il Average catch 1S expressed in indi vidualsJ!tn3. 

I 
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Summary 

The community composition, distribution, density, and seasonality of the 
phytoplankton, zooplankton, and benthic invertebrates of the Guadalupe estuary 
have been used by the Texas Parks and Wildlife Department as "indicators" of 
primary and secondary productivity. The estuarine communities identified are 
typical in that they are composed of freshwater, marine, and a mixture of 
endemic species (i.e., species restricted to the estuarine zone). 

Six phytoplankton divisions represented by a minimum of 60 taxa were 
collected from the Guadalupe estuary. Standing crops were mt significantly 
related to salinity or river inflow. 

A total of 162 zooplankton taxa representing 12 phyla were identified. 
The calanoid copepod Acartia tonsa was the dominant organism. Species diver­
sity and standing crops werereduced by heavy flooding; the recuperation 
period was short, however, and these parameters increased rapidly when salin­
ities returned to their seasonal mrms. 

Seasonal variations in benthic inveterbrate populations were exhibited 
through high spring/summer and low fall/winter standing crops. Increased 
freshwater inflows generally were associated with lowered species numbers, 
although the total benthic standing crop was greater due to increases in the 
gastropod Littoridina sphinctostoma, the pelecypod Rangia cuneata, the poly­
chaete Hypaniola gunneri, and chironomid larvae populations. 

The phytoplankton, zooplankton, and benthic assemblages in any body of 
water respond to a seasonal combination of physical, chemical, and biological 
controlling factors. Thus, it is difficult to single out the influence of any 
one of these factors on the entire community. Most estuarine organisms can be 
classified by salinity tolerance as oligohaline, mesohaline, polyhaline, or 
euryhaline. That is, there is always an assemblage of species which will be 
capable of maintaining high standing crops, regardless of the salinity (as 
long as it is relatively stable) and provided that other physical-chemical 
requirements for that particular as?emblage are met. If freshwater inflow is 
decreased, either partially or totally, the community oomposition will shift 
toward the neritic or marine and euryhaline forms. The primary question, 
then, is how this shift affects the food chain and the environment of those 
economically important organisms which, during some stage of their life cycle, 
depend on freshwater inflow. 
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CHAPTER VIII 

FISHERIES 

Introduction 

During the five year period, 1972 through 1976, corrrnercial landings of 
finfish and shellfish in Texas averaged 97.3 million pounds (44.2 million kg) 
annually (358~362). Approximately 75 percent of the harvest was taken off­
shore in the Gulf of Mexico and the remainder was taken inshore in the bays 
and estuaries. Computed on the basis of the two general fisheries components, 
the finfish harvest distribution was approximately 28 percent offshore and 72 
percent inshore, while the shellfish harvest was of an opposite distribution 
with about 21 percent inshore and 79 percent offshore. Specifically, the 
offshore harvests accounted for about six percent of the total Texas red drum 
(redfish) landings, 17 percent of spotted seatrout landings, 60 percent of 
white shrimp landings, and 95 percent of brown and pink shrimp landings. 

Virtually all (97.5 percent) of the coastal fisheries species are con­
sidered estuarine-dependent (79). The Guadalupe estuary is the third largest 
estuarine ecosystem on the Texas coast and ranks third overall of eight Texas 
estuarine areas for inshore corrrnercial harvest of seafood organisms. with 
respect to rorrrnercial bay landings from the five year period, 1972 through ,. 
1976, bays of the Guadalupe estuary rontributed an average 7.1 percent of 
finfish landings and 13.8 percent of shellfish landings. By romparison, the 
largest Texas estuary, the Trinity-San Jacinto estuary, contributed an average 
11.0 percent of finfish and 45.4 percent of shellfish bay landings during the 
same period (226) • 

. Based on the five year inshore-offshore rorrrnercial landings distribution, 
the average contribution of the Guadalupe estuary to total Texas rorrmercial 
landings is estimated at 538,700 pounds (244,400 kg) of finfish and 12,411,800 
pounds (5.6 million kg) of shellfish annually. In addition, the rommercial 
finfish harvest has been estimated to account for approximately 53.7 percent 
of the total finfish harvest in the estuary, with the remainder (46.3 percent) 
going to the sport or recreational catch of finfish (252). Thus, an addi­
tional 464,500 pounds (210,700 kg) of sport finfish harvest can be romputed 
which raises the estimated average annual finfish harvest contribution from 
the estuary (both inshore and offshore) to 1,003,200 pounds (455,100 kg). The 
average harvest rontribution· of all fisheries species (finfish and shellfish) 
dependent on the estuary is therefore estimated at 13.4 million pounds (6.1 
million kg) annually. 

Previous research has described the general ecology, utilization, and 
management of the coastal fisheries (257, 311, 157, 155, 74, 190, 186), and 
has provided information on Texas tidal waters (295, 300, 363, 176) and the 
relationship of freshwater inflow to estuarine producti vi ty (381). In addi­
tion, prior studies of the Guadalupe estuary have dealt with aspects of 
organic carbon transport (201), nutrient biogeochemical cycling (271), water 
quali ty standards (246), and the effects of seasonal freshwater inflows on 
hydrological and biological parameters (245). Multivariate equational models 

VIII-1 



of fisheries production as a function of the effects of seasonal freshwater 
inflows have not been previously constructed. 

Datq and Statistical Methods 

Direct analysis of absolute fisheries biomass fluctuations as a function 
of freshwater inflow is not possible. Accurate biomass estimation requires 
either considerable experimental calibration of current sampling methods (119) 
or the developnent and application of higher technologies such as the use of 
high resolution computer interpreted sonar soundings for estimation of absolute 
fish abundance (35). Therefore some indirect or relative measure of the fish­
eries must be substituted in the analysis. In terms of measurement, precision 
is a major consideration of relative estimates, while accuracy is of paramount 
importance to absolute estimates of abundance (119). 

Prior research has deJl'Onstrated that variations in rainfall and/or river 
discharge are associated with variations in the catch of estuarine-dependent 
fisheries, and can be used as an indicator for finfish and shellfish production 
(98, 82, 81, 340, 206, '205). Therefore, commercial harvest can be useful as a 
relative indicator of fisheries abundance, especially if the harvest is not 
critically limited below the production available for harvest on a long-term 
basis (i.e., the surplus production) by market conditions. Similarly, annual 
harvest fluctuations can provide relative estimates of the fisheries biomass 
fluctuations occurring from year to year. In Texas, commercial harvest data 
are available from the Texas Landings publications (365-371, 355-362) which 
report inshore harvests from the bays and offshore harvests from the Gulf of 
Mexico. Since the offshore harvests represent collective fisheries production 
from the region's estuaries, it is the inshore harvests reported by estuarine 
area that provide fisheries data related to a particular estuary. 

Commercial inshore harvests from bays of the Guadalupe estuary are tabu­
lated for several important fisheries components (Table 8-1). By using harvest 
data since 1962, data inconsistencies with earlier years and problems of rapid­
ly increasing harvest effort' as the commercial fisheries developed in Texas are 
avoided. For example, landings data for the penaeid shrimp fishery are better 
than for Jl'Ost of the fisheries components because of the high demand for this 
seafood. Nevertheless, landings data from the turn of the century to the late 
1940' s are incomplete and report only the white shrimp harvest. Exploitation 
of the brown shrimp began in 1947 with night trawling in offshore waters and 
rapidly increased throughout the 1950's; however, separation of the two species 
in the fisheries statistics was not begun until after 1957. Therefore, since 
reporting procedures were not fully standardized until the early 1960' s, and 
since earlier harvest records were inconsistent, the fisheries analysis 
utilizes the ITOre reliable records available from 1962 to 1976. This 15-year 
interval includes both wet and dry climatic cycles and is sufficient in length 
to identify positive and negative fisheries responses to seasonal inflow, as 
well as quantify the seasonal freshwater inflow needs of the fisheries 
components. 

The finfish component of the fisheries harvest is specific for the com­
bined harvests of croaker (mostly Micro.E29?n undulatus Linnaeus), black drum 
(pogonis cromis Linnaeus), red drum or redfish (Sciaenops ocellata Linnaeus), 
flounder (Paralichthys spp.; mostly K. lethostigrna Jordan and Gilbert), sea 
catfish (Arius felis Linnaeus), spotted seatrout (cynoscion nebulosus Cuvier), 
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Table 8-1. Commercial Fisheries Harvests in the Guadalupe Estuary 31, 1962-1976 (365-371, 355-362) 

Commercial Fisheries Harvest (thousands of pounds) 
Whlte--:-Bic:hin & pink: Blue Bay : Red Spotted-- Black 

Year :Shellfish b/: Shrimp Shrimp Crab Oyster Finfish c/: Dnun Seatrout Dnun 

1962 1,292.4 602.3 314.7 170.9 204.5 257.1 61.9 40.4 131.0 
1963 1,767.6 359.1 90.1 984.9 333.5 189.3 35.1 20.5 103.4 
1964 2,399.7 1,379.7 98.5 639.9 281.6 154.1 26.5 16.9 71.8 
1965 2,560.0 1,415.0 329.5 693.0 122.5 79.4 24.4 12.2 14.9 
1966 1,179.0 485.5 181 .1 362.7 149.7 240.8 82.9 94.6 47.7 
1967 1,813.8 832.1 453.5 276.1 252.1 286.3 . 86.5 94.3 70.9 
1968 1,839.5 1,203.2 472.5 163.8 161.2 31.8 81.2 14.8 
1969 2,636.7 887.7 210.9 1,484.0 54.1 84.7 33.7 19.2 17.2 
1970 2,060.3 1,121.6 185.2 531 .7. 221.8 209.0 110.6 39.0 40.1 
1971 1,726.4 493.9 254.7 582.8 395.0 248.6 96.8 76.0 44.6 
1972 2,444.4 959.1 . 91.8 '995.5 398.0 156.5 55.5 49.0 28.0 

;:i 
1973 2,515.3 867.5 654.3 859.0 134.5 250.0 78.1 85.3 52.7 
1974 2,203.3 815.3 67.1 1,124.3 196.6 421.9 168.6 103.8 109.7 

.,H 
H 1975 2,940.2 771.9 502.2 1,539.1 124.0 442.8 179.2 114.0 92.0 
I 

IN 1976 3,053.2 412.1 221.5 2,140.4 279.2 373.4 144.5 114.8 55.8 
r 

Mean .9! 2,162.1 840.4 261.1 857.1 220.7 237.0 81.1 64.1 59.6 
+S.E. +143.9 +86.5 +46.6 +139.2 +26.4 +28.3 +13;2 +9.7 +9.4 

a; Estuary ranks third in Shellfish and sixth in Finfish rommercial harvests of eight Texas estuarine areas 
b/ Includes blue crab, bay oyster, and white, brown, and pink shrimp harvests 
c/ Includes croaker, black drum, red drum, flounder, sea catfish, spotted seatrout, and sheepshead.harvests 
~ Standard error of the mean, two standard errors provide approximately 95% confidence limits about 

the mean 



and sheepshead (Archosargus probatocephalus Walbaum). Similarly, the shell­
fish component refers to the blue crab (Callinectes sapidus Rathbun), American 
oyster (Crassostrea virginica Gmelin), white shrimp (Penaeus setiferus Lin­
naeus), . and brCMn and pink shrimp (Penaeus aztecus Ives and P. duorarum 
Burkenroad; mostly P. aztecus). other fisheries components are -given as a 
single species or species group of interest. 

Freshwater inflCM to the estuary is discussed in Chapter IV and is 
tabulated here on the basis of two analytical categories: (1) freshwater 
inflCM at Guadalupe delta (FINGD) contributed to the estuary (Table 8-2), and 
(2) combined freshwater inflCM (FINC) from all river and coastal drainage 
basins contributed to the estuary (Table 8-3). Each inflow category is thus 
specified by its historical record of seasonal inflow volumes. 

The effects of freshwater inflow on an estuary and its fisheries produc­
tion involve intricate and imperfectly understood {i1ysical, chemical, and 
biological pathways. Moreover, a complete hypothesis does not yet exist from 
which an accurate structural model can be constructed that represents the full 
spectrum of natural relationships. As a result, an alternative analytical 
procedure must be used which provides a functional model; that is, a procedure 
which permits estimation of harvest as a unique function of inflCM. In this 
case, the aim is a mathematical description of relations among the variables 
as historically observed. Statistical regression procedures are most common 
and generally involve empirically fitting curves by a mathematical least 
squares criterion to an observed set of data, such as inflow and harvest 
records. Although functional model relationships do not necessarily have 
unambiguous, biologically interpretable meaning, they. are useful when they 
adequately describe the relations among natural {i1enomena.· Even after suffi­
cient scientific knCMledge is acquired to construct a preferable structural 
model, it may not actually be a markedly better predictor than a functional 
model. lhus, scientists often employ functional models to describe natural 
phenomena while recognizing that the relational equations may not or do not 
represent the true and as yet unclear workings of nature. 

A time series analysis of Guadalupe estuary fiSheries components was 
performed utilizing the University of California biomedical (BMD) computer 
program for the stepwise multiple regression procedure (15). This statistical 
procedure computes a sequence of multiple linear regression equations in a 
stepwise manner. At each step, the next variable which makes the greatest 
reduction in the sum of squares error term is added to the equation. Con­
sequently, the best significant equation is developed as the equation of high­
est multiple correlation coefficient (r), greatest statistical significant (F 
value), and lCMest error' sum of squares. A typical form of the harvest 
regression equation can be given as follCMs: 

where aO is the intercept harvest value, 
coefficients, e is the normally distributed 
and the regression variables are: 
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Table 8-2. Seasonal Freshwater Inflow Volumes at Guadalupe Delta Contributed to 
Guadalupe Estuary, 1959-1976 

Seasonal Freshwater Inflow (thousandsmacre-:reet) 
Year winter -- - Spring Summer Autumn Late Fall --i-- --AnnuaT 

Jan.-March : April-June July-Aug. Sept.-0ct. Nov.-Dec. Jan.-Dec. 

1959 488.1 551.1 207.0 386.0 218.0 1,850.2 
1960 366.9 567.9 467.0 1,244.0 1,021.0 3,666.8 
1961 960.0 780.0 411.0 326.0 a/ 291.0 2,768.0 
1962 204.9 305.1 73.0 146.0 - 161.0 890.0 
1963 195.9 129.0 40.0 50.0 b/ 126.0 540.9 
1964 282.0 156.0 109.0 195.0 - 144.0 886.0 
1965 683.1 950.1 135.0 218.0 440.0 2,426.2 
1966 414.0 675.0 200.0 198.0 138.0 1,625.0 
1967 195.9 171.9 91.0 2,602.0 c/ 448.0 3,508.8 
1968 1,188.9 1,290.9 387.0 332.0 - 298.0 3,496.8 
1969 711.0 887.1 130.0 185.0 256.0 2,169.1 

~ 1970 585.9 870.0 190.0 ij 204.0 117.0 1,966.9 
H 1971 150.9 144.0 221.0 829.0 e/ 485.0 1,829.9 H _ 

'i' 1972 411.0 1,443.9 274.0 246.0 246.0 2,620.9 
(Jl 1973 423.0 1,430.1 909.0 1,537.0 f/ 625.0 4,924.1 

1974 656.1 497.1 196.0 554.0 - 708.0 2,611.2 
1975 840.9 1,575.0 487.0·266.0 234.0 3,402.9 
1976 261.9 1,434.9 375.0 541.0 1,298.0 3,910.8 

,Mean 501.1 770.0 272.3 558.8 403.0 2,505.3 
+ S.E. 91 +68.8 +117.6 +49.5 +152.0 +77.2 +275.5 

a/ Hurd-cane Carla,- Sepf:-S-=-f.f;near-Port Lavaca 
b/ Hurricane Cindy, Sept. 16-20; near Port Arthur 
c/ Hurricane Beulah, Sept. 18-23; near Brownsville 
d/ Hurricane Celia, Aug. 3-5; near Port Aransas 
e/ Hurricane Fern, Sept. 9-13; near Port Aransas 
f/ Hurricane Delia, Sept. 4-7; near Galveston 
Sf Standard error of mean; two standard errors provide approximately 95 percent confidence 

limi ts about the mean. 



Table 8-3. Seasonal Volumes of Combined Freshwater Inflow a/ Contributed to Guadalupe 
Estuary, 1959-1976 -

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

Jan.-March April-0une July-Aug. Sept.-Gct. Nov.-Dec. Jan.-Dec. 

1959 519.9 564.0 240.0 433.0 221.0 1,977.9 
1960 393.9 599.1 498.0 1,294.0 1,079.0 3,863.1 
1961 1,008.9 822.9 427.0 354.0 !y 297.0 2,909.8 
1962 207.9 318.9 75.0 152.0 176.0 929.8 
1963 201.9 132.0 42.0 52.0 £I 130.0 557.9 
1964 291.0 162.0 111.0 206.0 151.0 921.0 
1965 693.9 957.9 137.0 225.0 461.0 2,474.8 
1966 450.9 744.9 204.0 204.0 140.0 1,743.8 
1967 198.0 195.9 107.0 2,713.0 ij 448.0 3,661.9 
1968 1,215.0 1,379.1 397.0 344.0 298.0 3,633.1 
1969 720.9 923.1 130.0 186.0 275.0 2,235.0 
1970 606.9 884.1 196.0 e/ 265.0 117.0 2,069.0 

::i 1971 150.9 147.9 226.0 905.0 Y 529.0 1,958.8 
H 1972 432.9 1,470.0 283.0 288.0 263.0 2,736.9 H 

.1 1973 423.9 1,464.9 .910.0 1,609.0 g/ 625.0 5,032.8 '" 1974 660.0 558.9 200.0 573.0 774.0 2,765.9 
1975 845.1 1 ,581.0 501.0 287.0 234.0 3,448.1 
1976 261.9 1,452.0 446.0 553.0 1,353.0 4,065.9 

Mean 515.8 797.7 285.0 591.3 420.6 2,610.3 
.!. S.E !y +70.5 +119.1 +50.5 .!.158.1. +81.3 +282.7 

a; Includes fleM from all contributing river and coastal drainage basins (see Chapter 
IV) • 

b/ Hurricane Carla, Sept. 8-14: near Port Lavaca 
c/ Hurricane Cindy, Sept. 16-20: near Port Arthur 
d/ Hurricane Beulah, Sept. 18-23: near Brownsville 
e/ Hurricane Celia, Aug. 3-5: near Port Aransas 
I/ Hurricane Fern, Sept. 9-13: near Port Aransas 
31 Hurricane Delia, Sept. 4-7: near Galveston 
!y Standard error of mean: two standard erros provide approximately 95 percent confidence 

limits about the mean. 
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= annual inshore harvest of a fisheries component in ,thousands 
of pounds at year t, 

= winter season (January-March) mean IIDnthly freshwater inflow in 
thousands of acre-feet at year t-bl, where bl is a positive 
integer (Table 8-4), 

= 

= 

= 

spring season (April-June) mean IIDnthly freshwater inflow in 
thousands of acre-feet at year t-~, where ~ isa positive 
integer (Table 8-4), 

summer season (July-August) mean IIDnthly freshwater inflow in 
thousands of acre-feet at year t-b], where b3 is a positive 
integer (Table 8-4), 

autumn season (September-{)ctober) mean IIDnthly freshwater inflow 
in thousands of acre-feet at year t-b4, where b4 is a 
positive integer (Table 8-4), , 

= late fall season (November-December) mean IIDnthly freshwater 
inflow in thousands of acre-feet at year t-b5' where' bs is a 
positive integer (Table 8-4). 

= annual (January-December) mean IIDnthly freshwater inflow in 
thousands of acre-feet at year t~b6' where hG is a positive 
integer (Table 8-4). 

In some cases the fisheries component harvests appear to relate 
curvilinearly to freshwater inflow. Therefore, in order to permit continued 
use of, the stepwise multiple linear regression procedure it is necessary to 
transform the data variates to linearity. Natural log (In) transformation'of 
both dependent and independent variables improves the linear fit of the curves 
and the double log transformed regression equation is rewritten as follows: 

where the variables are the same as defined above. 

In practice, the time series for the dependent variable (H) is the 
aforementioned inclusive period 1962 through 1976, giving 15 annual harvest 
observations for the regression analysis. The independent variables (Ql ••• 
Q6) also result in 15 observations each; however, the time series is rot 
necessarily concomitant with that of harvest and varies because of 
consideration of species life history aspects involved in the analysis of each 
fisheries component. Thus, the data alignment between dependent/independent, 
variates in the fisheries analysis was appropriately chosen to take into 
account the probable lagged effect, in time, of freshwater inflow upon 
production and subsequent harvest of a particular fisheries component (Table 
8-4). This is a standard procedure since it has been long recognized that 
environmental factors affecting growth and survival of the young in critical 
developmental periods can show their effect some time later when the affected 
age-class matures and enters the commercially exploited adult population (70, 
151 ) • Early articulation of this idea was put forth by the Norwegian fishery 
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Table 8-4. Time Series Alignments of Dependent/Independent Data Variates for Fisheries Regression Analysis 

----
Ht Q 1, t-b1 

Q 2,t-b2 
Q 3,t-b3 

Q 4,t-b4 
Q 5,t-b5 

Q 6,t-b6 
Fisheries Component (Jan.-Mar. ) (Apr.~un. ) (Jul.-lIug. ) (Sep.-0ct.) (Nov.-Dec. ) (Jan.-Dec. ) 

-------
Shellfish a/ inflcw same inflcw same inflcw same i nflcw same inflow 1-year inflow 1-year 
All Penaeid Shrimp year as year as year as year as antecedent to antecedent to 
Whi te Shrimp harvest harvest harvest harvest harvest harvest 
Brcwn & pink Shrimp 

( 1962-1976) (1962-1976 ) (1962-1976 ) (1962-1976) ( 1962-1976 ) (1961-1975) (1961-1975 ) 

Blue Crab inflcw 1-year inflow 1-year inflow 1-year inflow_1-year inflow 1-year 
<: Bay Oyster antecedent antecedent antecedent antecedent antecedent (not 
H to harvest to harvest to harvest to harvest to harvest applicable) H 
H 
I 

(1962-1976) (1961-1975) (1961-1975) (1961-1975) (1961-1975) (1961-1975) co 

Finfish b/ running running running running running 
Spotted seatrout average average average average average (not 
Red Drum inflcw from- 3 inflcw from 3 inflcw from 3 inflcw from 3 inflcw from 3 applicable) 
Black Drum antecedent antecedent antecedent antecedent antecedent 

years before years before years before years before years before 
harvest harvest harvest harvest harvest 

(1962-1976) (1959-1975) (1959-1975) (1959-1975) ( 1959-1975) ( 1959-1975) 

a/ includes blue crab, bay oyster, and white, brown, and pink shrimp 
W includes croaker, black drum, red drum, flounder, sea catfish, spotted seatrout, and sheepshead 



scientist Johan Hjort in 1914 (101) and it is roN generally known as "Hjort's 
critical period roncept." This suggests that the ultimate population effect 
of freshwater inflow is somewhat delayed and can be potentially observed in 
annual harvest fluctuations of a fisheries romponent. 

A major caveat to regression analysis is that significant cbrrelation of 
the variables does not, by itself, establish cause and effect (184). Based on 
the equations alone, definite statements atout the true· ecological 
relationships arrong the variables cannot be made because of the inherent 
noncausal nature of statistical regression and rorrelation (70, 183). 
However, the hypothesis that freshwater inflow is a primary factor. influencing 
the estuary and its production of estuarine-aependent fisheries is 
well-founded and reasonable ronsidering the substantial volume of previous 
scientific research demonstrating inflow effects on nutrient cycling, salinity 
gradients, and the metabolic stresses and areal distributions of estuarine 
organisms. 

Fisheries Analysis Results 

Shellfish 

Analysis of the multi-species shellfish fisheries romponent results in 
two weakly significant equations (Table 8-5). Statistical information given 
for each regression equation includes: (1) level of statistical significance 
( a value); (2) multiple roefficient of determination (r 2 value); (3) standard 
error of the estimate for the dependent variable, inshore harvest; (4) stand­
ard error of the regression roefficient associated with each independent 
variable, seasonal freshwater inflow; and (5) upper bounds, lower bounds, and 
means of the variables entering the equation. The best significant equation 
(first equation of Table 8-5) explains only 43 percent of the observed varia­
tion in inshore shellfish harvest and is significant (a = 5.0%) for ror­
relation of the harvests to spring (Q2) and late fall (Q5) seasonal fresh­
water inflows at Guadalupe delta (FINGD). 

The estimated effect of a rorrelating seasonal inflow on harvest is rom­
puted by holding all other rorrelating seasonal inflows in the best signifi­
cant equation ronstant at their respective mean values, while varying the 
seasonal inflow of interest from its lower to upper observed bounds. Repeat­
ing this process for each rorrelating seasonal inflow in the best significant 
equation and plotting the results permits illustration of the individual 
seasonal inflow effects on the estimate of inshore rommercial shellfish 
harvest (Figure 8-1). For example, Panel A of Figure 8-1 shows the annual 
harvest is estimated to increase from atout 1.6 million pounds to 2.8 million 
pounds as the inflow at Guadalupe delta during the April-.June (Q2) seasonal 
interval increases from its observed lower bounds of 43.0 thousand acre-feet 
per month to its observed upper bounds of 525.0 thousand acre-feet per month. 
Thus, the positive (+) sign on the regression roefficient (a2) for the ror­
relating ~ inflow term in the best significant equation is illustrated as a 
line of positive slope relating increasing spring season inflow at Guadalupe 
delta to an increasing estimate of annual shellfish harvest. It is noted that 
this line can be shifted upward or downward in a parallel manner from that 
which has been graphed by holding the other rorrelating seasonal inflow (i.e., 
Q5) in the best significant equation at a specified level of interest other 
than its mean observed value. For instance, if the negatively rorrelating 
November-December (Q5) inflow is specified at some level lower than its mean 
of 157.2 thousand acre-feet per month, then the estimated harvest response to 
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Table 8-5. Equations of Statistical Significance Relating the Shellfish 
Fisheries Component to Freshwater Inflow Categories a/ 

Guadalupe Estuary Shellfish Harvest = f (seasonal FINGD b/) 
Significant Equation (a = 5.0%, r2 = 43%, S.E. Est. = ~453.0) 

Hsf = 1767.4 + 2.3 (Q2) 
(0.8) 

- 1.4 (Q5) 
(1 .5) 

Hsf Q2 Q5 
upper bounds 3053.2 525.0 354.0 
lower rounds 1179.0 43.0 58.5 

mean 2162.1 265.8 157.2 

Guadalupe Estuary Shellfish Harvest = f (seasonal FINC c/) 
Significant Equation (a = 2.5%, r2 = 37%, S.E. Est. = +459.5 

. upper bounds 
lower bounds 

mean 

H f = 1654.3 + 1.8 (Q2) 
s (0.7) 

3053.2 
1179.0 
2162.1 

527.0 
44.0 

274.9 

where: Hsf = inshore commercial shellfish harvest, in thousands of 
pounds; 

a/ 

b/ 
Y 

Q = mean monthly freshwater inflow, in thousands of acre-feet: 
Ql = January-March Q4= September-{)ctober 
Q2 = April-June Q5= November-December 
Q3 = July-August Q6= January-December 

Standard error of each regression coefficient is shown in parentheses 
beneath the coefficients of the regression equations 
FINGD = freshwater inflow at Guadalupe Delta 
FINC = .combined freshwater inflow to Guadalupe estuary from all con­
tributing river and coastal drainage basins 
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April--:June" (Q2) inflow would be similar to that shown in Panel A (Figure 
8-1) and would have the identical positive slope; however, the mrrg:JUted line 
would be shifted upward and parallel to that which is graphed. Analogous 
circumstances exist for each of the harvest responses illustrated, but to 
facilitate mmparisons only the seasonal inflow of interest in each panel 
graph is varied, while all others in the best significant equations are held 
constant at their respective values. 

Panel B (Figure 8-1) exhibits the weakly negative response of inshore 
shellfish harvest to late fall season freshwater inflow at Guadalupe delta. 
The estimate of harvest decreases 18.0 percent (from' about 2.3 million to 
about 1.9 million pounds annually) as the November-December (Q5) inflow 
increases from its observed lower bounds of 58.5 thousand acre-feet per month 
to its observed upper bounds of 354.0 thousand acre-feet per month. 

Considered together, Panels A and B in Figure 8-1 illustrate a strong 
positive statistical response of inshore mmmercial shellfish harvest to 
spring season (Q2) inflow and a weaker, more variable negative response to 
late fall (05) inflow over the cbserved ranges of these seasonal inflows at 
Guadalupe delta. Based on the statistical regression model described by the 
best significant equation, maximization of shellfish harvest can be achieved 
by increasing spring inflow and diminishing late fall inflow at Guadalupe 
delta. 

All Penaeid Shrimp 

Analysis of the fisheries mmponent for all penaeid shrimp (i.e., white, 
brown, and pink shrimp) yields a significant equation for both of the fresh­
water inflow categories (Table 8-6). The best significant equation (first 
equation, Table 8-6) acmunts for 63 percent of the observed harvest varia­
tion and is significant ( a = 2.5%) for mrrelation of inshore penaeid shrimp 
harvests to winter (Q1)' autumn (Q4)' and annual (Q6) inflows at Guada­
lupe delta (FINGD). 

The effect of each of the mrrelating inflow terms in the best signifi­
cant equation is illustrated by using the previously discussed procedure of 
holding all other mrrelating inflows in the equation mnstant at their 
respective mean values, while varying the inflow of interest over its observed 
range and mmputing the estimated harvest response (Figure 8-2). The estimate 
of harvest increases 2.3 times (from about 0.7 to 1.6 million pounds annually) 
as January-March (Q1) inflow increases from the observed lower bounds of 
50.3 thousand acre-feet per month to the observed upper bounds of 280.3 
thousand acre-feet per month (Panel A, Figure 8-2). Thus, the penaeid shrimp 
fisheries mmponent is shawn to have a positive relationship with winter 
season inflow at Guadalupe delta. Another positive response to autumn inflow 
resul ts in the estimate of inshore harvest increasing from about 0.9 to 1.6 
million pounds annually as September-october (Q4) inflow increases over the 
observed range of 25.0 to 1,301.0 thousand acre-feet per month (Panel B, 
Figure 8-2). The "estimate of harvest decreases 59.8 percent (from about 1.4 
to 0.6 million pounds annually) as the one-year antecedent annual inflow 
(Q6) increases over the cbserved range of 45.1 to 410.3 acre-feet per month 
(Panel C, Figure 8-2), indicating a negative relationship of harvest to high 
inflow from the year prior to harvest. Maximization of penaeid shrimp harvest 
is therefore statistically related to increasing winter (Q1) and autumn 
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Table 8~6. Equations of Statistical Significance Relating the All Penaeid 
Shrimp Fisheries Component to Freshwater Inflow Categories ~ 

Guadalupe Estuary All Shrimp Harvest = f (seasonal FINGD b/) 
Significant Equation ( a = 2.5%, r2 = 63%, S.E.Est. - +263:-1) 

H = 796.9 + 4.0 (Q1) + 0.5 (Q4) - 2.3 (Q6) as .. (1.1) (O.2) (O.8) 

H Q1 Q4 Q6 as 
upper bourids 1744.5 280.3 1301.0 410.3 
lower bounds 449.2 50.3 25.0 45.1 

mean 1075.6 143.2 277.5 191.4 

Guadalupe Estuary All Shrimp Harvest = f (seasonal FINC c/) 
Significant Equatiori { a = 2.5%, r2 = 62%, S.E.Est. =:!:. 266.7 

H = 784.4 + 3.9 (Q1) + 0.5 (Q4) - 2.2 (Q6) as (1 .1) (O.2) (O.8) 

H Q1 Q4 Q6 as 
upper bounds 1744.5 281.7 1356.5 419:4-
lower bounds 449.2 50.3 26.0 46.5 

mean 1075.6 146.3 293.5 198.9 

where: Has = inshore commercial penaeid shrimp harvest, in thousands of 
pounds, 

~ 

bl 
£! 

Q = mean monthly freshwater inflow, in thousands of acre-feet: 
Q1 = January-March Q4= September-october 
Q2 = April~une Q5= November-December 
Q3 = July-August Q6= January-December 

Standard error of each regression coefficient is shown in parentheses 
beneath the coefficients of the regression equations 
FINGD = freshwater inflow at Guadalupe Delta 
FINC = combined freshwater inflow to Guadalupe estuary from all 
contributing river and coastal drainage basins 
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(Q4) season inflows, while diminishing the annual (Q6) inflow at Guadalupe 
delta. 

Whi te Shrimp 

Analysis of the white shrimp fisheries a:mponent involves logarithmic 
transfonnation of the regression variables to natural logarithms (In) and 
results in two highly significant equations (Table 8-7). The best significant 
equation (second equation, Table 8-7) explains 74 percent of the observed 
harvest variation and is highly significant (a. = 1.0%) for oorrelation of 
natural log transformed inshore white shrimp harvests to natural log trans­
formed winter (Q1), summer (0)), autunm (Q4), and one-year antecedent 
annual (Q6) freshwater inflows to the estuary from all oontributing river 
and ooastal drainage basins (FINC). 

The effects of each oorrelating inflow on the estimate of harvest are 
computed similar to previous examples, however, illustrations of the effects 
are graphed in non-transformed units to shCM the curvilinearity of harvest 
responses (Figure 8-3). The estimate of harvest increases 4.2 times (from 
about 0.4 to 1.6 million pounds annually) as January-March (Q1) inflow 
increases over the observed range of 50.3 to 405.0 thousand acre-feet per 
month (Panel A, Figure 8-3). A weakly negative response to July-August (Q3) 
inflCM results in the estimate of annual harvest declining 38.9 percent (Panel 
B, Figure 8-3), while increasing September-october (Q4) inflow increases the 
estimate of annual harvest 2.8 times its minimum value (Panel C, Figure 8-3). 
The response to increasing one-year antecedent annual inflow (Q6) is 
negative and the estimate of annual harvest declines 60.6 percent (Panel D, 
Figure 8-3). Consequently, maximization of white shrimp harvest is statis­
tically related to increasing winter (Q1) and autunm (Q4) inflows and 
decreasing summer (Q3) and annual (Q6) inflows to the estuary from all 
contributing river and,ooastal drainage basins. 

Brown and pink Shrimp 

Analysis of the brCMn and pink shrimp fisheries oomponent yields two 
highly significant equations (Table 8-8). The best significant equation 
(first equation, Table 8-8) accounts for 62 percent of the observed harvest 
variation and is highly significant ( a. = 0.5%) for oorrelation of inshore 
brCMn and pink shrimp harvests to sunmer (Q3) and autunm (Q4) inflows at 
Guadalupe delta (FINGD). Responses to both seasonal inflows are positive, and 
increasing July-August (Q3) and September-october (Q4) inflows to the 
upper bounds of their observed ranges increases the estimates of annual har­
vest 3.0 and 2.3 times their minimum values, respectively (Panels A and B, 
Figure 8-4). Therefore, maximization of brown and pink shrimp harvest is 
statistically related to increaSing summer and autunm season inflows at Guada­
lupe delta. It is noted that the strong, positive harvest response to sUlTl11er 
inflow is in apparent oonflict with the weak, negative response of white 
shrimp harvest to summer inflow. 

Blue Crab 

No statistically significant equations were obtained from analysis of the 
blue crab fisheries oomponent. 
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Table 8-7. Equations of Statistical Significance Relating the White Shrimp 
Fisheries Component to Freshwater Inflow Categories a/ 

, -

Guadalupe Estuary White Shrimp Harvest = f (seasonal FiNGD b/) 
Highly Significant Natural Log Equation (et = 1.0%, r- = 72%-; S.E.Est. = 

+ 0.2692 

In Hws = 4.9531 + 0.6809 (In Q1)'- 0.1299 (In Q3) 

(0.1504) (0.1334) 

- 0.4335 (In Q6) 

(0.1422) 

+ 0.2328 (In Q4) 

(0.0957) 

upper bounds 7.2549 5.9822 6.1192 7.1709 6.0169 
lower bounds 5.8836 3.9180 2.9957 3.2189 3.8089 

mean ~6~.6~5=2~6 ____ 4~.~8~9~90.~~4~.5~5~1~9 __ ~5~.0~9~3=9 __ ~5~.~14~5~7 

Guadalupe Estuary White Shrimp Harvest = f (seasonal FINC c/) 
Highly Significant Natural Log Equation ( et = 1.0%, r2 = 74%, S.E.Est. = 

+ 0.2618) 

In Hws = 4.8394 + 0.6889 (In Q1) 

(0.1442) 

- 0.1602 (In Q3) 

(0.1325) 

+ 0.2627 (In Q4) 

(0.0965) 

upper bounds 
lower bounds 

mean 

where: 

- 0.4232 (In Q6) 

(0.1389) 

In H ws 
7.2549 
5.8836 
6.6526 

In Q1' 

6.0039 
3.9180 
4.9206 

6.1203 
3.0445 
4.5935 

7.2127 
3.2581 
5.1581 

6.0388 
3.8395 
5.1869 

In Hws = natural log, inshore commercial white shrimp harvest, in 
thousands of pounds; 

In Q = natural log, mean monthly freshwater inflow, in thousands of 
acre-feet: 
Q1 = January,-March 
Q2 = April-,J une 
Q3 = July-August 

Q4= September-october 
Q5= November-December 
Q6= January-December 

~ Standard error of each regression coefficient is shawn in parentheses 
beneath the coefficients of the regression equations 

bl FINGD = freshwater Inflow at Guadalupe Delta 
cl FINC = combined freshwater inflow to Guadalupe estuary from all 

contributing river and coastal basins 
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Table 8~8 •. Equations of. StatisticaLSignificance. Relating ~ the Brown and Pink 
Shrimp Fisheries Component to Freshwater Inflow Catego~ies a/ 

Guadalupe Estuary Brown and Pink Shrimp Harvest = f (seasonal FINGD b/) 
Highly Significant Equation ( ex= 0.5%~; r2 = 62%, S.E.Est. =+ 117.1) 

Hbps = 98.5 + 0.8 (Q3) 

(0.3) 

upper bounds 
lower bounds 

mean 

654.3 
67.1 

261.1 

454.5 
20.0 

122.5 

1301.0 
25.0 

277.5 

--~-------- --------------------
Guadalupe Estuary Brown. and pink Shrimp Harvest = f (seasonal FINC c/) 
Highly Significant Equation (ex = 1.0%, r2 = 60%, S.E.Est. = ~ 119.4) 

where 

HbPS = 97.7 + 0.8 (Q3) 

(0.3) 

upper bounds 
lower bounds 

mean 

654.3 
67.1 

261.1 

455.0 
21.0 

127.4 

+ 0.2 (Q4 
(0.1 ) 

Q4 
1356.5 

26.0 
293.5 

Hbps = inshore commercial brown and pink shrimp harvest, in 
thousands of pounds; 

Q = mean monthly freshwater inflow" in thousands of acre-feet: 
Ql = January-Mcirch Q4= September-<lctober 
Q2 = April-June Q5= November-December 
Q3 = July-August Q6= January-December 

~ Standard error of each regression coefficient is shown in parentheses 
beneath the coefficients of the regression equations 

bl FINGD = freshwater inflow at Guadalupe Delta 
51 FINC = combined freshwater inflow to Guadalupe estuary from all 

contributing river and coastal drainage basins 
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Bay Oyster 

No statistically significant equations were obtained from analysis of the 
bay oyster fisheries component. 

Finfish 

Analysis of the multi-species finfish component also involves logarithmic 
transformation of the regression variables to natural logarithms (In) and 
results in two very highly significant equations (Table 8-9). The best signi­
ficant equation (first equation, Table 8-9) explains 88 percent of the 
observed harvest variation and is very highly significant (a = 0.1%) for cor­
relation of inshore finfish harvests to all seasonal inflows (Q1 through 
QS) at Guadalupe delta (FINGD). The curvilinear effects of each of the 
correlating seasonal inflows on harvest are negative for increasing January­
March (Q1) inflow (Panel A, Figure 8-S), 'strongly positive for increasing 
April-June (Q2) inflow (Panel B, Figure 8-S), negative for increasing July­
August (Q3) inflow (Panel C, Figure 8-S), negative for increasing Septem­
ber-October (Q4) inflow (Panel D, Figure 8-S), and strongly positive for 
increasing November-December (QS) inflow (Panel E, Figure 8-S). In 
particular, the estimate of annual harvest increases about 8.6 times (from 
SO.O to 430.0 thousand pounds) as spring season (Q2) inflow increases over 
the observed, range of 6S.6 to 389.1 thousand acre-feet per IlDnth. Taken 
together, the results indicate that maximization of inshore commercial finfish 
harvest is statistically related to increasing spring and late fall season 
inflows, while diminishing winter, summer, and autumn season inflows at 
Guadalupe delta. However, all three shrimp components previously analyzed 
exhibit positive responses to autumn' inflow, and additional conflicts are 
noted with winter and summer season inflows. 

Spotted Seatrout 

Analysis of the spotted seat rout fisheries component yields two very 
highly significant equations (Table 8-10) following natural log transformation 
of the regression variables. The best significant equation (first equation, 
Table 8-10) explains 93 percent of the observed harvest variation and is very 
highly significant (a = 0.1%) for correlation of inshore commercial spotted 
seatrout harvests to all seasonal inflows (Q1 through QS) at Guadalupe 
delta (FINGD). 

The curvilinear effects on harvest of each of the correlating seasonal 
inflows in the' best significant equation are negative for increasing January­
March (Q1) inflow (Panel A, Figure 8-6), strongly positive for increasing 
April-June (Q2) inflow (Panel B, Figure 8-6), strongly negative for increas­
ing July-August (Q3) inflow (Panel C, Figure 8-6), negative for increasing 
September-October (Q4) inflow (Panel D, Figure 8-6) , and posi ti ve for 
increasing November-December (QS) inflow (Panel E, Figure 8-6). Similar to 
results from the finfish component, the greatest effect on spotted seatrout 
harvest is from increasing spring season inflow. Here, the estimate of har­
vest increases about 210 times its minimum value (from 1.4 to 294. 1 thousand 
pounds annually) as April-June inflow increases S.9 times over the observed 
range of 6S.6 to 389.1 thousand acre-feet per lIOnth. In addition, the esti­
mate of annual harvest experiences a severe decline of 97 percent (from 3SS.2 
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Table 8-9. Equations of Statistical Significance Relating the Finfish 
Fisheries. Component to Freshwater Inflow Categories a/ 

Guadalupe Estuary Finfish Harvest = f (seasonal FINGD b/) 
Very Highly Significant Natural Log Equation (a = 0.1%~ r2 = 88%, S.E.Est. = 

+ 0.2201) . 

In Hff = -0.3223 - 0.4839 (In Q1) 

(0.2370) 

+ 1.2087 (In Q2) 

, (0.2669) 

-0.6352 (In Q4) 

(0.1375) 

+ 1.2937 (In Q5) 

(0.3623) 

- 0.3126 (In Q3) 

(0.2636) 

upper bounds 6.0931 5.6211 5.9639 5.5810 6.2577 5.5728 
lower bounds 4.3745 4.3290 4.1831 3.6109 4.1769 4.2743 

mean ~5~.3~5~7~4 __ ~5~.0~7~4~4 __ ~5~.~37~9~1 __ ~4~.~7~06~4~~5~.~4~1~77~~5.~0~5~95 

Guadalupe Estuary Finfish Harvest = f (seasonal FINC c/) 
Very Highly Significant Natural Log Equation (a = 0.1%, r = 88%, S.E.Est. = 

.:!: 0.2208) 

In Hff = ~0.3477 - 0.4911 (In Q1) 

(0.2394) 

+ 1.2381 (In Q2) 

(0.2679) 

-0.6419 (In Q4) 

(0.1361 ) 

+ 1.2625 (In Q5' 

(0.3526) 

- 0.3001 (In Q3) 

(0.2654) 

upper bounds 
lower bounds 

mean 

6.0931 
4.3745 
5.3574 

5.6438 
4.3550 
5.1048 

5.9928 
4.2210 
5.4202 

5.5929 
3.6376 
4.7373 

6.2980 
4.2244 
5.4799 

5.6240 
4.3329 
5.1014 

where: 

a/ 

bl 
cl 

In Hff = natural log, inshore commercial finfish harvest, in 
thousands of pounds; 

In Q = natural log, mean IlDnthly freshwater inflow, in thousands 
of acre-feet: 
Q1 = January-March 
Q2 = April-June 
Q3 = July-August 

Q4= September-october 
Q5= November-December 

Standard error of each regression coefficient is shown in parentheses 
beneath the coefficients· of the regression equations 
FINGD = ~reshwater inflow at Guadalupe Delta 
FINC = combined freshwater inflow to Guadalupe estuary from all 
obntributing river and coastal basins 

VIII-21 



"70.0 

"30.0 

Z 3ao.0 

0 
0 

~ 3~0.0 

· · 3\0.0 
t 
0 
~ 

~ 
270.0 

c 
~ 2~.0 

~ 
u 00.' 

E 
E "". 0 
u 

00.' 

ro., ,. 
.410.0 

'''" 
Z ~, 
0 
0 

~ "'. 
· · 3\0.0 > 
0 
~ 

" 
270.0 

~ 
~ 
~ 230.0 

0 

~ 00.' 
• E 
E 1~.0 0 
u 

00.' 

roo 
0.0 

470.0 

,~.o 

~ 3110.0 

0 
0 

~ 330.0 

· · 510.0 > 

0 
~ 

~ 
270.0 

~ 
C 

~ 2~.0 

0 

~ 00.' 
• E 
E 1~.0 0 
U 

110.0 

70.0 ,., 

"., "., "., 120.0 1~.0 ~., , .. 240.0 
~eon Monthly Inflow (1000 oc-ft) JAN-~AR 
A. regression coefficient =-0.4839, 

standard error = ±0.2370 

30.0 80.0 VO.O 120.0 "'. ~., 210.0 2"0.0 

~eon l.4onthiy Inflow (1000 oc-ft) JUL-AUG 
C. regression coefficient =-0.3126, 

standard error ±0.2636 

270.0 "". 

270.0 ""., 

HO.O 

428.0 

· "'., ~ 

0 
0 
0 
<;. 

~ .. 
r ~2.0 

0 
~ 

~ ,~" 

c 
~ 

, .. , 
0 

u 0," 

~ 
E 

~" 0 
u 

.~. 

". ,., 40.0 80.0 120.0 180.0 200.0 HO.O 2110.0 320.0 380.0 400.0 

Mean Monthly Inflaw (1000 at-ft) APR-JUN 
8. regreuion coefficient = +1.2087, 

standard er~or = ±0.2669 
470.0 

4'0.0 

'" ~ 310.0 

0 
0 

~ 3~0.0 

· · 310.0 > 
0 
~ 

~ 270.0 · c 
~ 230.0 

2 
~ 00.' 
• E 
E 

1~.0 0 
u 

00. 

70.0 ,., ~., 1\0.0 18'.0 220.0 27'.0 .J.'lO.o 38'.0 440.0 4V~.O ~~o.o 

~ean Monthly Inflow (1000 at-H) SEP-OCT 
D. regression coefficient =-0.6352, 

standard error = ±.O.1375 

Figure 8-5. Inshore Commercial Finfish Harvest as a 
Function of Each Seasonal Inflow at Guadalupe 
Delta, Where all Other Seasonal Inflows in the 

Multiple Regression Equation are Held 
Constant at Their Mean Values 

". &0.0 ~O.O 12t1.0 lSCI.o ~.O 210.0 240.0 270.0 300.0 
Mean ~anthly Inflow (1000 ac-ft) NOV-DEC 

E. regre55ion coefficient = +1.2937, 
standard error = ±O.3623 

VIII-22 



Table 8-10. Equations of Statistical Significance Relating the Spotted 
Seatrout Fisheries Component to Freshwater Inflow Categories ~ 

Guadalupe Estuary Spotted Seatrout Harvest = f (seasonal FINGD b/) 
Very Highly Significant Natural Log Equation (a = 0.1%, r2 = 93%, S.E.Est. = 

+ 0.2547) 

In Hss = -4.5501, - 1.1015 (In Ql) 

(0.2742) 

+ 2.9982 (In Q2) 

(0.3089) 

- 1.7728 (In Q3) 

(0.3050) 

-0.7879 (In Q4) 

(0.1591 ) 

+ 2.0861 (In Q5) 

(0.4192) 

In Hss In Q1 In Q2 In Q3 In Q4 In Q5 
upper bounds -;;4-. '"7 4';3~2;--5--.-'6""2"'17-1 ----5. 9639;-~5 .-;5"8 .... 1~0--.6~."""2-:5 7=7;"----:5-;. 5""'7"2~8 
lower bounds 2.5014 4.3290 4.1831 3.6109 4.1769 4.2743 

mean ~3~.9~3~0~0_~5~.0~7~4~4 __ ~5~.~37~9~1 ___ 4~.~7~06~4.~_5~.~4~1~77~~5~.0~5~9~5 

Guadalupe Estuary Spotted Seatrout Harvest = f (seasonal FINC c/) 
Very Highly Significant Natural Log Equation (a = 0.1%, r2 = 92%, S.E.Est. = 

.:!: 0.2697) 

In Hss = -4.6657 - 1.0928 (In Ql) 

(0.2925) 

+ 2.9924 (In Q2) 

(0.3273) 

- 1.7614 (In Q3) 

(0.3242) 

-0.7971 (ln Q4 ) 

(0.1663) 

+ 2.0911 (In Q5) 

(0.4307) 

upper bounds 
lower bounds 

mean 

In Hss 
4.7432 
2.5014 
3.9300 

In Q1 
5.6438 
4.3550 
5.1048 

In Q2 
5.9928 
4.2210 
5.4202 

In Q3 
5.5929 
3.6376 
4.7373 

In Q4 
6.2980 
4.2244 
5.4799 

In Q5 
5.6240 
4.3329 
5.1014 

where: 
In Hss 

In Q 

= natural log, inshore commercial spotted seatrout harvest, 
in thousands of pounds, 

= natural log, mean monthly freshwater inflow, in thousands 
of acre-feet: 
Ql = January-March 
Q2 = April-,June 
Q3 = July-August 

Q4= September-october 
Q5= November-December 

!y Standard error of each regression coefficient is shown in parentheses 
beneath the coefficients of the regression equations 

bl FINGD = freshwater inflcw at Guadalupe Delta 
SI FINC = corrbined freshwater inflow to Guadalupe estuary from all 

contributing river and coastal drainage basins 
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to 10.8 thousand pounds) as surrmer (July-August) inflow increases from 37.0 to 
265.3 thousand acre-feet per month. Based on the regression model described 
by the best significant equation, maximization of inshore rornnercial spotted 
seatrout harvest is statistically related to increasing spring and late fall 
season inflows and decreasing winter, summer, and autumn season inflows at 
Guadalupe delta. . 

Red Dnun 

Natural log transformation of the regression variables in the analysis of 
the red dnun fisheries component results in two significant logarithmic equa­
tions (Table 8-11). The best significant equation (second equation, Table 
8-11) accounts for 77 percent of the observed harvest variation and is high­
ly significant (a = 1.0%) for rorrelation of inshore red dnun harvests to all 
seasonal inflows (Q1 through Q5) to the estuary from all rontributing 
river and roastal drainage basins (FINe). 

The curvilinear harvest effects of each of, the rorrelating seasonal 
inflows in the best significant equation are negative for increasing January­
March (Q1) inflow (Panel A, Figure 8-7), strongly positive for increasing 
April-June (Q2) inflow (Panel B, Figure 8-7), negative for increasing July­
August (Q3) inflow (Panel e, Figure 8-7), negative for increasing September­
October (Q4) inflCM (Panel D, Figure 8-7), and pOsitive for increasing 
November-December (Q5) inflow (Panel E, Figure 8-7). Again, the strong 
positive effect of spring season inflow is noted with the estimate of harvest 
increasing 32.5 times (from 6.3 to 204.7 thousand pounds annually) as April­
June inflow increases 5.9 times over the observed range of 68.1 to 400.5 
thousand acre-feet per month. Similar to the previous analysis of finfish and 
spotted seatrout components, maximization of inshore red drum harvest is 
statistically related to increasing spring and late fall season inflows, while 
diminishing winter, summer, and autumn season inflows to the estuary from all 
contributing river and roastal drainage basins. 

Black Dnun 

Analysis of the black drum fisheries romponent also involves natural log 
transformation of the regression variables and results in two highly signi­
ficant equations (Table 8-12). The best significant equation (serond equa­
tion, Table 8-12) explains 76 percent of the observed harvest variation and is 
highly significant (a = 0.5%) for rorrelation of inshore black drum harvests 
to surmner (Q3 ) , autumn (Q4 ) , and late fall (Q~ ) season. inflows to the 
estuary from all rontributing river and roastal dra1nage basins (FINe). 

The curvilinear harvest effects of each of the rorrelating seasonal 
inflows in the best significant equation are positive for increasing July­
August (Q3) inflow (Panel A, Figure 8-8), strongly negative for increasing 
September-0ctober (Q4) inflow (Panel B, Figure 8-8), and positive for 
increasing November-December (Q5) inflow (Panel e, Figure 8-8). In parti­
cular, the estimate of harvest decreases 84.5 percent (from 149.7 to 23.2 
thousand pounds annually) as autumn (September-october) inflow increases ~er 
the observed range of 68.3' to 543.5 thousand acre-feet per month. Maximiza­
tion of inshore black dnun harvest is thus statistically related to decreasing 
autumn season inflow and increasing summer and late fall season inflows to the 
estuary from all rontributing river and roastal drainage basins. 
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Table 8-11. Equations of Statistical Significance Relatfng -the' Red 'Drum 
Fisheries Cbmponent to Freshwater Inflow Categories al 

Guadalupe Estuary Red Drum Harvest = f (seasonal FINGD b/) 
Significant Natural IDg Equation (oct = ,2.5%, r2 ='-76%, S.E.Est,.-= + ,0.,4061-) 

In Hrd = -2.2414 - 0.6486 (In Q1) 

(0.4373) 

+ 1.8957 (In Q2) 

(0.4925) 

-0.5449 (In Q4) 

(0.2537) 

+ 0.9527 (In Q5) 

(0.6685) 

- 0.4963 (In Q3) 

(0.4863) 

upper bounds 5.1885 5.6211 5.9639 5.5810 6.2577 5.5728 
lower bounds 3.1946 4.3290 4.1831 3.6109 4.1769 4.2743 

mean ~4~.~19~6~8 __ ~5~.~07~4~4~~5~.~37~9~1~_4~.~7~06~4~_5~.~4~1~77~~5~.0~5~9~5 

Guadalupe Estuary Red Drum Harvest = f (seasonal FINC c/) 
Highly Significant Natural IDg Equation (ct = 1.0%; r 2;; 77%, S.E.Est. = 

2: 0.3992) 

In Hrd = -2.2508 - 0.7121 (In Q1) 

(0.4328) 

+ 1.9642 (In Q2) 

(0.4845) 

-0.5816 (In Q4) 

(0.2461) 

+ 0.9958 (In Q5) 

(0.6375) 

- 0.5185 (In Q3) 

(0.4798) 

upper bounds 5.1885 5.6438 5.9928 5.5929 6.2980 5.6240 
lower bounds 3.1946 4.3550 4.2210 3.6376 4.2244 4.3329 

mean ..:.4:.... 1:.:9~6~8 __ .::.5~. 1:...:0:...:4:.::8 __ ~5~ • ..:.:42::..:0:..:::2~-,4:.: • ..:..7::..37:..:3,---,5:..:.c.::4~79::..:9~_5~.:...;1..:.0..:...:.14 

where: 
In Hrd = natural log, inshore oornnercial red drum harvest, in 

thousands of pounds; 
In Q = natural log, mean llIJI1thly freshwater inflOW, in thousands 

of acre-feet; 
Q1 = January-March 
Q2 = April ~une 
Q3 = July-August 

Q4= September-{)ctober 
Q5= November-December 

Standard error of each regression roefficient is shown in parentheses 
beneath the coefficients of the regression equations 
FINGD = freshwater inflow at Guadalupe Delta 
FINC = combined freshwater inflow to Guadalupe estuary from all 
contributing river and ooastal drainage basins 

VIII-26 



21f1.0 

\39.0 

" n 
168.0 

0 
0 

t lH.O 

· > 12&.0 
0 
~ 

§ 105.0 

0 

V ~ •• O : 
0 

13.0 

~ 
E 
E .2.0 
0 
u 

,eo 

0.0 
0.0 

21f1.0 

1~9.0 

Z 
168.0 

0 
0 

t '.7.0 

~ 12'.0 
0 
~ 

E 105.0 0 

0 

V a •. o • • 
0 

13.0 

~ 
E 
E "2.0 
0 
u 

,eo 

0.0 
00 

210.0 

189.0 

'" n 
168.0 

0 
0 

t lH.O 

" · t 12&.0 
0 
~ 

E 1fI5.0 e 
0 

~ 8".0 

• 
~ 63.0 
u • E 
E .. 2.0 
0 

U 

21.0 

0.0 
0.0 

30.0 60.0 90.0 120.0 150.0 leo.o 21f1.0 2.0.0 270.0 

30.0 

Mean Monlhly Inflow (1000 oe-H) JAN-MAR 
A. regression coefficient =-0.7121, 

slandard error = ±0.4328 

60.0 ~o.o 120.0 ~O.O 180.0 210.0 HO.O 270.0 

~ean l.Aonlhly Inflow (1000 oe-II) JUL-AUG 

C. regressian coefficient =-0.5185, 
standard error = ±0.4798 

300.0 

300.0 

30.0 &0.0 ~o.o 120.0 ~o.o 180.0 210.0 2.0.0 270.0 300.0 

Meon Monthly Inflow (1000 oc-II) NOV-DEC 
E. regreuion coefficient = +0.9958, 

standard error = ±0.6375 

210.0 

1~9.0 

'" n 
16~.0 

0 
0 

t I.H.O 

" · > 126.0 
0 
~ 

E 105.0 e 
0 

~ ~. 

• 
~ &3.0 
u • E 
E .2.0 
0 
u 

,eo 

0.0 
0.0 .. 0.0 80.0 120.0 \60.0 200.0 2.0.0 280.0 320.0 3"e0.0 "00.0 

Meon Monthly Inflow (1000 oc-It) APR-JUN 

B. regression coefficient = +1.9642, 
standard error = ±0.4845 

m.o 

\39.0 

n 
,~o 

0 
0 

t 141.0 

· · > 12'.0 
0 
~ 

E 105.0 e 
0 

~ ~ •• O 

• 
0 

u 
13.0 

E 
E .. 2.0 
0 
U 

>.0 

0.0 
0.0 55.0 no.o 165.0 220.0 275.0 330.0 385.0 HO.O 415.0 550.0 

Meon Monthly Inflow (1000 oe-II) SEP-OCT 

D. regression coefficient =-0.5816, 
standard error = ±0.2-461 

Figure 8-7. Inshore Commercial Red Drum Harvest as 
a Function of Each Seasonal Inflow From Combined 

River and Coastal Drainage Basins, Where all Other 
Seasonal Inflows in the Multiple Regression 

Equation are Held Constant at 
Their Mean Values 

VIII-27 



Table 8-12. Equations of Statistical Significance -Relating-the Black Drum 
Fisheries Component to Freshwater Inflow Categories 3f 

Guadalupe Estuary Black DrLnn Harvest = f (seasonal FINGD b/) 
Highly Significant Natural Log Equation (ex = 0,5%, r" = 75%, S.E.Est. = 

+ 0.4006) 

In Hba = -1.8548 + 0.7372 (In Q3) 

(0.3632) 

upper bounds 
lower bounds 

mean 

4.8752 
2.6946 
3.8788 

5.5810 
3.6109 
4.7064 

- 0.9250 (In Q4) 

(0.2331) 

6.2577 
4.1769 
5.4177 

5.5728 
4.2743 
5.0595 

+ 1.4380 (In Q5) 

(0.6361 ) 

Guadalupe Estuary Black DrLnn Harvest = f (seasonal FINC c/) 
Highly Significant Natural Log Equation (ex= 0.5%, r 2 = 76%, S.E.Est. = 

+ 0.3984) 

In Hba =-1.6231 + 0.8243 (In Q3) - 0.9000 (In Q4) + 1.2798 (In Q5) 

(0.3679) (0.2248) (0.6083) 

In Hbd In Q3 In Q4 In Q5 
upper bounds 4.8752 5.5929 6.2980 5.6240 
lower bounds 2.6946 3.6376 4.2244 4.3329 

mean 3.8788 4.7373 5.4799 5.1014 

where: 

3f 
bl 
Sf 

In Hbd = natural. log, inshore a:mrnercial black drLnn harvest, 
in thousands of pounds; 

lnQ = natural log, mean monthly freshwater inflow, in thousands of 
acre-feet: 
Q1 = January-March 
Q2 = April.:June 
Q3 = July-August 

Q4= September-october 
Q5= November-December 

Standard error of each regression aoefficient is shown in parentheses 
beneath the coefficients of the regression equations 
FINGD = freshwater inflow at Guadalupe Delta 
FINC = combined freshwater inflow to Guadalupe estuary fram all 
contributing river and coastal drainage basins 
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Fisheries Component Summary 

The fisheries analysis involves ten fisheries corrponents and two fresh­
water inflow source categories in the analytical design, allowing a maximum 20 
potentially significant equations. The analysis results in 16 regression 
equations of statistical significance and is thus successful for 80 percent of 
the oorrelations attempted. Although each of the inflow categories can poten­
tially produce ten significant equations, the analysis yields eight equations 
wi th freshwater inflow at Guadalupe delta (FINGD) and also I eight equations 
with combined inflow (FINC) to the estuary from all oontributing river and 
coastal drainage basins. Seasonal inflow needs are similar for fisheries 
COIlPOnents when the signs (positive or negative) on the regression ooeffi­
cients in the harvest equations are the same for a season of interest (Table 
8-13) • Therefore, the seasonal inflow needs of the fisheries conponents can 
reinforce each other. However, where seasonal inflow needs are of q:JpOSite 
signs, the fisheries oonponents beoome competitive in terms of inflow manage-

_ ment. Altogether, these results support the hypothesis that seasonal fresh­
water inflow has a significant impact on the estuary's fisheries, and by 
ecological implication, on the "health" of the ecosystem. 

Freshwater Inflow Effects 

Introduction 

The hydrologic importance of both tidal inlets and freshwater inflow for 
ecological preservation of estuaries has been recognized (130, 276). Since 
the diminution of freshwater inflow to an estuary can decrease nutrient cycl­
ing and also result in unfavorable salinity oonditions, many scientists have 
pointed to the deleterious effects of reduction and/or alteration of -an 
estuary's freshwater inflow regime (28, 167, 276, 137, 134, 168). Consequent­
ly, the addition of supplemental freshwater inflow for purposes of ecological 
maintenance and enhancing seafood production has been recommended for the Gulf 
estuaries of Texas (130, 326), Mississippi, and Louisiana (56). 

Perhaps the most direct and most apparent effects of freshwater inflow 
occur as a result of changes associated with estuarine salinity -conditions. 
In addition, the concentration of salts can interact with other environmental 
factors to stimulate species-specific biotic responses (4) which may be 
reflected in physiological adaptation to the estuarine environment (115, 116, 
391, 392), in species distribution patterns and community diversity (85, 75, 
61,87,24, 121), and ultimately in species evolution (112). Previous 
research emphasizing Texas estuarine-dependent species has dealt with several 
aspects of the inflow/salinity relationship including environmental limits 
(309), tolerance to hypersaline waters (79, 95, 7), and rapid recovery of 
typical estuarine coITmuni ty species at the end of a severe drought (104). In 
addition, salinity changes resulting from man's development of the estuary and 
its-contributing river and ooastal drainage basins have been reviewed relevant 
to many Texas estuarine-dependent species (83, 343), and their diseases and 
syrnbionts (170). 

While plants provide the estuary's primary production, most secondary 
production comes -froin the invertebrate bay fauna. For the invertebrates, 
inflow/salinity effects have a demonstrated physiological basis (8, 337, 117, 
125, 335) and are effective at modifying species distribution (284, 296, 172). 
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Table 8-13. Positive (+) and Negative (-) Correlation of Fisheries damponents to Seasonal Freshwater Inflow Categories 

Fisheries 
Comp::ments 

Shellfish 
FINGD 0/ 
FINC Y 

All Shrimp 
FINGD 
FINC 

White Shrimp 
FINGD 
FINe 

Winter Inflcw 
(Jan.-Mar. ) 

Q1 

+ 
+ 

+ 
+ 

BrCMn and pink Shrimp 
FINGD 
FINC 

Finfish 
FINGD 
FINe 

Spotted Seatrout 
FINGD 
FINC 

Red Dnnn 
FINGD 
FINe 

Black Drum 
FINGD 
FINe 

Surmnary: 

FINGD (+) = 2 
(-) = 3 

FINC (+) = 2 
(-) = 3 

spring InflON" 
(Apr.-,]un. ) 

Q2 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

(+) = 4 
(-) = 0 

(+) = 4 
(-) = 0 

FINGD = freshwater -infloW a~(fuadalupe delta 

Sunmer InflON 
(Jul.-Aug. ) 

Q
3 

+ 
+ 

+ 
+ 

(+) = 2 
(-) = 4 

(+) = 2 
(-) = 4 

Autumn InflON" 
(Sep.-oct. ) 

Q4 

+ 
+ 

+ 
+ 

+ 
+ 

(+) = 3 
(-) = 4 

(+) = 3 
(-) = 4 

Late Fall Infl""" 
(Nov.-Dec. ) 

Q5 

+ 
+ 

+ 
+ 

.,: 
+ 

+ 
+ 

(+) = 4 
(-) = 1 

(+) = 4 
(-) = 0 

~ FINe = freshwater inflow to estuary from all contributing river and coastal drainage basins 

Annual InflCM 
(Jan.-Dec. ) 

Q6 

(+) = 2 
(-) = 0 

(+) = 2 
(-) = 0 

Explained 
Variation 

r' 
(%) 

43 
37 

63 
62 

72 
74 

62 
60 

88 
88 

93 
92 

76 
77 

75 
76 

Significance 
Level 

a 
(%) 

5.0 
2.5 

2.5 
2.5 

1.0 
1.0 

0.5 
1.0 

0.1 
0.1 

0.1 
0.1 

2.5 
1.0 

0.5 
0.5 



The brackish water clam (Rangia cuneata) has been suggested as an indicato! of 
ecological effects associated with salinity changes because of its sensitivity 
(210); hCMever, the focus of invertebrate management is generally on the 
economically important nollusc (e.g., oyster) and crustacean (e.g., shrimp and' 
crab) rrembers of the invertebrate group (138). 

Shrimp 

The Gulf of Mexico shrimp fishery is the nost valuable fishery in the 
United States (67) and the Gulf estuaries play a crucial role in the pro­
duction of this renewable resource (69, 122). Corrmercial shrimp species are 
from the crustacean family Penaeidae. . White shrimp (Penaeus setiferus 
Linnaeus, 1767) and brCMn shrimp (P./aztecus Ives, 1891) predominate in Texas 
harvests, although the pink shrimp-CPo duorarum Burkenroad, 1939) also occurs 
in small numbers. Synopses of species life history and biological information 
are available for the white shrimp (129), brCMn shrimp (26), pink shrimp (30), 
and for all species in the genus Penaeus (382). Other information especially 

. important for management of this fisheries resource oomes from research on 
shrimp.spawning and early larval stages (348, 301, '317, 380), seasonal migra­
tion behavior (339, 2~, 251), utilization of estuarine nursery habitats (75), 
and major environmental factors influencing species population dynamics and 
production (212, 89, 144, 143, 32, 133) • Species-specific response to, 
inflCM/salinity oonditions in the estuary are fundamentally physiological (5, 
12, 219, 216, 124, 345), and therefore directly influence not only grCMth and 
survival of the postlarval shrimp (407, 408, 406, 390), but the distribution 
of the bay shrimp populationns as well (307; 86, 287). 

Results of the fisheries analysis (i.e.,. shellfish, all penaeid shrimp, 
white shrimp, and brCMn and pink shrinip fisheries oomponents) support the 
importance of freshwater inflCM to shrimp production and provide quantified 
data on the responses of oommercial inshore harvests from the Guadalupe 
estuary to seasonal fluctuations of the two analyzed inflow categories (i.e., 
FINGD and FINC). In general, the associated harvest responses are posi ti ve 
for winter (January-March), spring (April-,June), and autumn (September­
October) season inflows and negative for late fall (November-December) and 
one-year antecedent annual (January-December) inflCMs. In addition, white 
shrimp relate weakly negative to summer (July-August) inflCM, while brCMn and 
pink shrimp relate strongly positive to inflCM in the same season. 

Blue Crab 

Another major crustacean fishery species is the estuarine-dependent blue 
crab (Callinectes sapidus Rathbun, 1896). Previous research has described 
blue crab taxonomy (244, 285), life history (350, 243), migration behavior 
(291, 105, 251), and responses to environmental factors such as salinity (191, 
31, 213, 123) and storm water runoff (127). Although analysis of the blue 
crab fisheries component did not produce any statistically significant harvest 
equations, the life history and migrational information indicates that young 
crabs are nost abundant in the low salinity estuarine "nursery" areas from 
summer through fall. Therefore, it is probable that adequate freshwater 
inflow during this interval is nost important to good growth and survival of 
the blue crab stocks. 
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Bay Oyster 

The American oyster (Crassostrea virglnlca Gmelin) is a molluscan shell­
fish species that has been harvested from Texas bay waters virtually since the 
aboriginal Indians arrived many thousands of years ago and it continues today 
as the only estuarine bivalve (a type of mollusc) of current comnercial 
interest in the State. Because of man's historical interest in greater 
developnent and utilization of this fishery resource (e.g., raft farming, 
artificial reef formation, etc.), scientific information is available 00 the 
oyster's general ecology and life history (375, 395), as well as geographic 
variation of its populations (193). The effects of inflow/salinity are parti­
cularly important and have stimulated considerable research covering a wide 
range of subjects including effects on oyster distribution (303, 142, 43), 
gametogenesis (developnent of viable eggs and sperm) and spawning (349, 13, 
132, 185), eggs and larvae (6, 40, 376, 379, 97), respiration (310, 389), free 
amino acids which are protein building blocks (146), the effects on oyster 
reef grCMth and mortality (77, 292), abundance of faunal associates (77, 399) 
and reef diseases (218, 170). 

Previous studies have described the Texas oyster fishery ( 252 ) and the 
State's major oyster producing areas ( 383, 258). Numerous oyster reefs have 
been recently inventoried in the Guadalupe estuary with most located in mid to 
upper San Antonio Bay areas (363). > Classified "polluted areas" are closed to 
harvest /:ry' the Texas Department of Health under authority of Section 76.202, 
Parks and Wildlife Code, until such time as sampling indicates a return of 
healthy estuarine conditions. Currently, the areas closed include Mission 
Lake, Hynes Bay, Guadalupe Bay, and the bay area near Seadrift, Texas. During 
the 1972 through 1976 period, oyster harvest from the Guadalupe estuary has 
averaged 225,700 pounds (102,400 kg) annually, accounting for about B.6 per­
cent of the average annual Texas oyster harvest at this time. By comparison, 
the Lavaca-Tres Palacios estuary contributed 8.7 percent and the Trinity-San 
Jacinto estuary contributed 81.8 percent of the average annual oyster harvest 
in Texas during the same period. 

Extreme high or lCM inflow can drastically affect oyster mortality, 
especially when the duration of unfavorable conditions persists for several 
months. Although severe flooding in the spring (April-,June) and autumn 
(September-Gctober) seasons have been responsible for much oyster mortality in 
the upper portion of the Guadalupe estuary, dredging qJerations are also cited 
as a major environmental factor affecting the estuary's oyster production and 
the loss of many formerly productive reefs (245, 2). Analysis of the bay 
oyster fisheries component did not produce any statistically significant 
harvest equations; hCMever, similar anlaysis of oyster harvest from adjacent 
estuaries (i.e, Lavaca-Tres Palacios and Mission-Aransas estuaries) indicates 
a positive relationship to late fall (November-December) and winter (January­
March) season inflCMs and a negative response to increased summer (July­
August) season inflCM. 

FinfiSh 

Estuaries playa vital functional role in the life cycle and production 
of most coastal fish species (347, 109, 136, 247, 106). Environmental sensi­
tivity of the estuarine-dependent fishes has allCMed the use of species 
diversity indices as indicators of pollution (289). Although migration does 
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occur across the I::oundary between riverine and estuarine habitats by I::oth 
freshwater and estuarine-dependent marine fishes (166, 182), there is a pre­
dominance of young marine fishes found in this low salinity area (78). 

In general, - seasonal variations in estuarine fish abundance are related 
to life history and migrational- behavior (88, 313, 312, 107, 291, 105, 251, 
189, 286, 404, 257). The primary effects of inflow/salinity are physiological -
(103, 108, 126), and are particularly important for the survival of the early 
life stages (102), the metal::olism (i.e., metal::olic stresses) of adult bay 
populations (306, 308-, 315, 280, 394)and juvenile rates of adaptability (281, 
282). LcM temperature extremes can also interact physiologically with 
salinity stress to produce dramatic fish mortality (72, 73, 76). -

The importance of freshwater inflow to finfish of the Guadalupe estuary 
is strongly supported by the fisheries analysis. Harvest resPonses are posi­
tive to inflow from spring (April...,June) and late fall (November-December) 
seasons and negative to winter (January-March), summer (July-August), and 
autumn (September---<Jctober) season inflows. However, this freshwater inflow­
regime appears to conflict with shrimp fisheries harvests which exhibit 
positive responses to winter and autumn season inflows. 

Spotted Seatrout 

One of the most characteristic fish families of the bays, estuaries and 
neritic coastal waters between Chesapeake Bay and the Amazon River is the 
modern I::ony-fish (teleost) family Sciaenidae (347, 217, 106). The sciaenid 
genus Cynoscion contains four species in the Western Atlantic and Gulf of 
Mexico (three in Texas waters) with the most valued fishery species, the 
spotted seatrout (Cynoscion nebulosus Cuvier), also recognized as the most 
divergent of the four seatrout species (378). The greater restriction and­
estuarine-dependence of this species are reflected in its nearly exclusive 
utilization of estuarine habitats (68, 207, 62) and the increased genetic 
differences among populations in separate bays (398). Previous research has 
described spotted seatrout life history and seasonal abundance in Texas waters­
(351, 313, 238, 239, 312, 107, 105, 251), and the effects of inflow/salinity 
on metal::olism (i.e, metal::olic stresses) as salt concentration varies from an 
optimum condition of about 20 ppt salinity (279, 280, 304, 394, 281, 282). 

Analysis of spotted seatrout harvests in the Guadalupe estuary indicates 
a positive seasonal response-to spring (April...,June) and late fall (November­
December) inflows and negative responses to inflows during winter (January­
March) ,summer (July-August), and autumn (September~ctober) seasons. Results 
of the fisheries analysis strongly support the importance of seasonal fresh­
water inflow to production and harvest of the spotted seatrout. 

Red Drum 

Another important sciaenid species is the red drum or redfish (Sciaenops 
ocellata Linnaeus). Prior studies have reported on the general biology, food 
items, and seasonal distribution of the red drum (351, 313, 238, 239, 148, 
314, 312, 107, 405, 251, 106, 105, 169). In addition, the effects of inflow/ 
salini ty on the metal:x:>lism (i. e., metal:x:>lic stresses) of the species have been 
investigated as salt concentration varies from an optimum of about 25 ppt 
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salinity (280, 394, 281, 282). Similar to results from the finfish and 
spotted seatrout fisheries romponents, analysis of the red drum romponent also 
ShCMS that Guadalupe estuary harvests are positively related to increasing 
spring (April-'June) and late fall (November-December) season inflows and 
negatively related to increasing winter (January-March), summer (July-August), 
and autumn (September-octoberl season inflows. 

Black Drum 

The black drum (pogonias cramis Linnaeus) is also a sciaenid species of 
corrrnercial and recreational interest. The general biology and life history 
aspects, including migrations and seasonal distributions, have been reported 
previously (313, 106, 251, 351, 314, 312, 347). In addition, the effects of 
inflCM/salinity on the metabolism (i.e., metabolic stresses) of the species 
have been investigated at salt roncentration varies from an optimum of about 
20-25 ppt salinity (280, 394). The seasonal importance of freshwater inflow 
to the species J production and harvest are dell'Onstrated by the fisheries 
analysis. Results indicate positive harvest responses to summer (July-August) 
and late fall (November-December) season inflows and a negative response to 

, inflow during the autumn (September-Gctober) season. The positive response to 
summer inflow is unique a=ng fish species analyzed since the finfish, spotted 
seatrout, and red drum fisheries romponents all exhibit negative responses to 
increased summer inflow.' This may be due to the summer presence of juvenile 
black drum in brackish estuarine' "nursery" areas following the peak 'spawning 

'period of February to May (313, 351, 314). 

Harvest ReSponse to Long- and Short-Term Inflow 

The fisheries analysis spans the recent 1962 through 1976 short-term 
interval where lI'Ore complete and rorrpatible fisheries data exist; however, 
long-term inflow data are available for the estuary from 1941 to 1976 (see ,J 

Chapter IV). Average (arithmetic mean) inflow rondi tions are rorrputed and a 
frequency analysis (i.e., Log-Pearson Type III) of the long-term inflow data 
can yield information about the exceedance frequencies of seasonal inflow to 
the estuary, including the frequency (percent) at which short-term average 
(arithmetic and geometric mean) inflow ronditions were exceeded in the long­
term record (Table 8-14). Exceedance frequencies of the short-term seasonal 
inflows are all below the 50 percent frequency level and vary from 43 percent 
(spring, FINGD) to 28 percent (autumn,' FINC). Since lower exceedance frequen­
cies indicate higher inflow, the short-term inflows are indicated as rompara­
tively "wetter" than the long-term temporal median inflows. 

Al though the central seasonal tendencies of the short-term record are 
given as average inflow conditions, the long-term central tendencies are 
expressed by both average inflow ronditions and the 50 percent exceedance 
frequency inflows which reflect the terrporal median inflows to the estuary 
from the freshwater source categories (92). When short-term and long-term 
average inflow ronditions, as well as the long-term 50 percent frequency 
inflow ronditions, are used separately as input to the previously developed 
fisheries regression equations, predicted harvest responses can be rorrputed 
for corrparison (Table 8-15). There are eight positive and eight negative 
harvest responses to long-term mean inflows, and two positive and 14 negative 
harvest responses to the 50 percent exceedance frequency inflows, for a total 

VIII-35 



;:i 
H 
H 
I 

w 
0\ 

Table 8-14. COIlparison of Short-Tenn and Long-Tenn Seasonal Inflow, Including Inflow Exceedance Frequencies 

Short-Tenn Mean Seasonal Inflow al 
Wi th Long-Tenn ~x~ance FrequenCies 

Long-Tenn Seasonal Inflow .£/ 
.-------------------

Freshwater 
InflQol category 
and Season 

FltliD, 
Q1 Q2 Q3 Q4 Q5 

Guadalupe Delta InflQol 
(Jan. - March) 
(April - June ) 
(July - Aug. ) 
(Sept. - Oct. ) 
(Nov. - Dec. ) 

Total 

FINC, Combined Drainage InflQol 
Q1 

(Jan. - March) 
Q2 

(April - June ) 
Q3 

(July - Aug. ) 
Q4 

(Sept. - Oct. ) 
Q5 

(Nov. - Dec. ) 
Total 

D D 1 Df s s-
Mean 

InflQol (EF%) c/: Inflow (EF%) InflQol (EF%) InflQol 

480.4 (36) 526.9 (32) 479.6 (36) 457 
797.3 (34) 753.7 (36) 650.5 (43) 704 
254.5 (35) 256.9 (35) 221.3 (41) 240 
540.2 (27) 525.9 (28) 450.7 (36) 472 
314.5 (35) 314.5 (35) 315.0 (35) 301 

2,386.9 2,377.9 2,117.1 2,174 

490.7 (37) 540.5 (32) 494.4 (37) 468 
824.8 (33) 782.9 (36) 677.8 (42) 726 
264.3 (36) 263.1 (36) 228.3 (42) 254 
570.8 (28) 557.5 (28) 479.6 (34) 498 

313 
2,259 

328.5 (34) 
2,208.6 

327.9 (34) ~27.9 (34) 
"2"";478.5 2,471.9 

a1 Short-tenn inflow data bases with seasonal volumes in thousands of acre-feet,-

10% EF 50% EF 90% EF 
InflQol Inflow Inflow 

930 360 72 
1,500 540 75 

510 170 18 
1,080 280 46 

620 210 36 
4,640 1,560 247 

948 363 75 
1,560 561 81 

550 180 20 
1,100 310 54 

680 220 38 
4,838 1,634 268 

.-------
.- D = inflQol (Nov. 1961 - Oct. 1976) used in analysis of Shellfish, All Shrimp, White Shrimp, and Brown and Pink 

s Shrimp fisheries components 
D 1 = l-year antecedent inflow (Jan. 1961 - Dec. 1975) used in analysis of Blue Crab and Bay Oyster fisheries s- oomponents 
D

f 
= 3-year average antecedent inflow (Jan. 1959 - Dec. 1975) natural log transfonned and used in analysis of 

Finfish, Spotted Seatrout, Red Drum, and Black Drum fisheries oomponents. Mean values are geometric means. 
b/, Selected exceedance frequencies (Log-Pearson Type III) and their respective seasonal inflow volumes; in thousands of 
- acre-feet, from the long-tenn historical record (1941-1976). 
£! Long-term exceedance frequencies, in percent, of the short-term mean seasonal inflows. 
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Table 8-15. Estimated Average Inshore Harvest Responses from Fisheries Oomponent Equations Using 
Short-Term Mean Inflow, Long-Term Mean InflOil and Long-Term 50 Percent Exceedance 
Frequency Inflow. 

Guaaalupe Delta Inflow 
FINGD 21 

Fisheries -:- short-Term: Long-Term : Long-Term 
Oomponent :Mean Inflow: Mean-Inflow : 50%EF c/ Inflow 

: Harvest d/:Harvest (Shift) e/:Harvest (Shift) 

Shellfish 

All 
Shrirrp 

White 
Shrirrp 

BrOlIn & pink 
Shrirrp 

Finfish 

Spotted 
Seatrout 

Red Drum 

Black 
Drum 

2,162.1 2,096.5 

1,075.6 1,107.3 

774.8 872.6 

261.1 241.7 

212.2 213.2 

50.9 51.7 

66.5 71.5 

48.4 46.1 

(-3.0) 2,034.4 (-5.9) 

(+2.9) 1,047.9 (-2.6) 

(+12.6) 

(-7.4) 

(+0.5) 

(+1.6) 

(+7.5) 

(-4.8) 

793.3 (+2.4) 

194.5 (-25.5) 

169.2 (-20.3) 

39.9 (-21.6) 

56.5 (-15.0) 

34.5 (-28.7) 

Freshwater inflow at Guadalupe Delta 

Oolnbined Inflow 
FINC !y 

:Short-Term: Long-Term Long-Term 
:Mean Inflow: Mean Inflow :50% EF Inflow 

Harvest :Harvest (Shift):Harvest (Shift) 

2,162.1 2,089.9 (-3.3) 1,990.9 (-7.9) 

1,075.6 1,103.0 (+2.6) 1,034.2 (-3.9) 

774.8 

261.1 

212.2 

50.9 

66.5 

48.4 

875.7 (+13.0) 

249.1 (-4.6) 

211.1 (-0.5) 

48.3 (-5.1) 

69.8 (+5.0) 

48.0 (-0.8) 

786.6 (+1.5) 

200.7 (-23.1) 

167.9 (-20.9) 

37.7 (-25.9) 

55.9 (-15.9) 

35.3 (-27.1) 

~ 
c/ 
d/ 
e/ 

Combined freshwater inflow from all contributing river and coastal drainage basins 
EF = exceedance frequency 
Average inshore harvest, in thousands of pounds 
Shift in percent increase (+) or decrease (-) of harvest 



of 32 computed harvest responses (10 positive, 22 negative). 'Itle harvest 
responses are variable among the fisheries components and range from an 
estimated +13.0 percent shift in white shrimp harvest to an estimated -28.7 
percent shift in black drum harvest, when compared to the harvest levels 
resulting from the observed short-term record. 'Itle results reflect not only 
differences in inflow quantity, but also differences in the seasonal 
distributions of inflow from the freshwater source categories. In addition, 
they suggest that fisheries harvests based on the long-term inflows would be 
somewhat lower overall than those resulting from the "wetter" 15-year 
experience of the recent short-term record unless management policies favored 
the specific seasonal inflow needs of preferred fisheries components. In 
actuality, it is difficult and in many cases impossible to maximize the 
harvests from more than one fisheries component at the same time because of· 
competitive seasonal inflow needs among the species. Nevertheless, management 
scenarios for inflow can be developed that predict good harvest levels from 
several of the fisheries components simultaneously (see Chapter IX). 

Summary 

Virtually all of the Gulf fisheries species are estuarine-dependent. 
Commercial inshore harvests from bays of the Guadalupe estuary rank· third in 
shellfish and sixth in finfish of eight major Texas estuarine areas. In addi­
tion, the sport or recreational finfish harvest is approximately equal to the 
corrmercial finfish harvest in the estuary. For the 1972 through 1976 inter­
val, the average annual sport and corrrnercial harvest of fish and shellfish 
dependent upon the estuary inshore and offshore components is estimated at 
13.4 million pounds (6.1 million kg). 

Although a large portion of each Texas estuary's fisheries production is 
harvested offshore in collective association with fisheries production from 
other regional estuaries, inshore bay harvests are useful as relative indica­
tors of the year-to-year variations in an estuary's surplus production (i.e., 
that portion available for harvest). 'Itlese variations are affected by the 
seasonal quantities and sources of freshwater inflow to an estuary through 
ecological interactions involving salinity, nutrients, food (prey) production, 
and habi tat availability. 'Itlerefore, the fisheries species can be viewed as 
integrators of their envirorunent' s conditions and their harvests used as 
relative ecological indicators, insofar as they reflect the general product­
ivity and "health" of an estuarine ecosystem. 

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

Where the estimated seasonal inflow needs of'the fisheries components are 
similar, the components reinforce each other, however, where components are 
competitive by exhibiting opposite seasonal inflow needs, a management deci­
sion must be made to balance the divergent needs or to give preference to the 
needs of a particular fisheries component. A choice could be made on the 
basis of which species' production is more ecologically characteristic and/or 
economically important to the estuary. Whatever the decision, a freshwater 
inflow management regime can only provide an opportunity for the estuary to be 
viable and productive because there are no guarantees for estuarine productiv- . 
i ty based on inflow alone, since many other biotic and abiotic factors are 
capable of influencing this production. 
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CHAPTER IX 

ESTIMATED FRESHWATER 
INFUM NEEDS 

Introduction 

In previous chapters, the various physical, chemical and biological 
factors affecting the Guadalupe estuary have been discussed. There has been a 
clear indication of the importance of the quality and quantity of freshwater 
inflows to the maintenance of a viable estuarine ecology. The purpose in 
Chapter IX is to integrate the elements previously described into a method­
ology for establishing estimates of the estuary's freshwater inflow· needs, 
based upon historical data. 

Methodology for Estimating Selected Impacts of Freshwater Inflow 
Upon Estuarine Productivity 

The response of an estuary to freshwater inflow is subject to a number of 
factors and a variety of interactions. These include changes in salinity due 
to mixing of fresh and saline water, fluctuations in biological productivity 
arising from variations in nutrient inflows, and many other phenomena. 

The methodology presented here incorporates major interacting elements 
described in previous chapters (Figure 9-1). The methodology includes the use 
of data bases and certain analytical processes described herein. Data for 
these analyses include six groups: (1) metabolic data for finfish and shell­
fish, (2) commercial fisheries harvest data, (3) hydrologic data of freshwater 
and saline water, (4) water quality data, (5) aquatic food chain data, and (6) 
terrestrial and aquatic, geollOrphologic data of the estuary and the surround­
ing coastal area. 

In this section data and results of previous sections are used in an 
Estuarine Linear Prograrnning (LP) Model to oompute estimates of the IlOnthly 
freshwater inflows needed to achieve specified objectives. These include: 
(1) statistical analyses of relationships a=ng freshwater inflow, commercial 
fisheries harvest, and estuarine salinity; (2) estimates of marsh freshwater 
inundation needs; (3) estimates of nutrient exchange; and (4) records of his­
torical fresh water inflow. The tidal hydrodynamic and salinity transport 
models are then applied to compute salinity levels and circulation patterns 
throughout the estuary for a set of IlOnthly freshwater inflows. 

Application of the Methodology to Compute Estimates of 
Freshwater Inflow Levels Needed to Meet Selected Objectives 

The schematic indicated in Figure 9-1 shows the sequence of steps 
utilized in oomputing the freshwater inflow needs to achieve specified objec­
tives as expressed in terms of salinity, marsh inundation, and productivity. 
The six data bases developed for the Guadalupe estuary provide the fundamental­
informa tion of the system. These data were used in previous sections of the 
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analyses. The relationships and results are incorporated into the Estuarine 
Linear Programming Model to compute estimates of effects of various levels of 
monthly freshwater inflOW' upon near-shore salinities, marsh inundation and 
fisheries harvests in the estuary. This model uses an optimization technique 
to select the optimal or "best" rronthly inflOW's for the objective specified. 
The estimated rronthly inflOW's are then used as data inputs in the tidal hydro­
dynamic and salinity transport models to simulate the effects of the inflows 
upon circulation and salinity patterns in the entire estuary. Should the rom­
puted salinity conditions in certain critical areas of the estuary be unsatis­
factorily high or lOW', then the freshwater inflOW' estimates would require 
appropriate modification. This revision of the estimates (indicated by the 
dashed line in Figure 9-1) would necessitate a revision of the Estuarine Linear 
Programming Model. 

The data bases and analytical processes utilized in this chapter have been 
described in detail in previous chapters (Figure 9-1). Only the procedures 
necessary to establish salinity tounds, estimate marsh inundation needs, and 
apply the Estuarine Linear Programming Model are presented in this chapter. 

Salinity Bounds for Fish and Shellfish Species 

The effects of salinity on estuarine--clependent fisheries organisms are 
fundamentally physiological, and influence grCMth, survival, distribution, and 
ecological relationships (see Chapter VIII). 

Specific information on salinity limits, preferences and/or optima for 
selected fisheries species has been tabulated from the scientific literature 
and TrMR research data (Table 9-1). The optimum rondition for rrost of these 
species lies between 25 percent and 75 percent seawater (8.8-26.3 ppt). Young 
fish and shellfiSh corrrronly utilize estuarine "nursery" habitats below' 50 per'­
cent' seawater (less than 17.5 ppt), while adults seem to prefer salinities 
slightly higher than 50 percent seawater. In general, and within the tolerance 
limits, it is the season, not salinity ~ se, that is rrore important because 
of life cycle events such as spawning and migration. While the salinity limits 
for distribution of the species are ecologically informative, they are often 
physiologically too broad. Conditions enrouraging good grOW'th and reproduction 
are comrronly restricted to a substantially narrOW'er range of salinity than are 
simple survival needs. 

Salinity data, when combined with life cycle information, were to be 
utilized to provide seasonal tounds on estuarine salinity within which fish and 
shellfish can survive, grOW', and maintain viable populations (Table 9-2). Since 
universal consensus is not evident for precise salinity viability limits, the 
seasonal tounds were established subjectively based upon the results available 
from scientific literature (Table 9-1). It is important to note that these 
limits are site specific and adjusted to a single rontrol point in the estuary, 
belOW' the "null zone"l1 in upper San Antonio Bay near the Guadalupe River 

.J.! Null zone: The general area where the net landward flOW' creates ·the phe­
nomenon of landward and seaward density currents being equal but opposite 
in effect. The nullification of net tottom flows in this area allows 
suspended materials to accumulate and has also been termed the entrapment 
zone, the critical area, the turbidity maxima, the nutrient trap, and the 
sediment trap (364, 93). 
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delta. The limits are expressed as mean (average) m::>nthly salinities for 
general limits of viability. From the indicated location, salinities generally 
increase toward the Gulf inlets (Brown Cedar Cut and Pass Cavallo via Saluria 
Bayou) and eventually attain seawater roncentration (35 ppt). The salinity 
gradient is thus steeper during seasons of higher inflow (e.g., the spring) and 
less distinct during seasonal low inflow (e.g., the summer). Moreover, 
estuarine-dependent species have adapted their life cycle to the natural 
freshwater inflow. 

Although the fisheries species can generally tolerate salinities greater 
or less than the m::>nthly specified viability range, foraging for food and 
production of body tissue (growth) beromes increasingly more difficult under 
extreme salinities, and may eventually cease altogether because body main­
tenance requirements ronsume an increasing allOunt of an organism's available 
energy under unfavorable ronditions. High rrortality and low production are 
expected during prolonged extremes of primary environmental factors such as 
salinity and temperature. 

Monthly Salinity Conditions 

The salinities within an estuarine system fluctuate with variations in 
freshwater inflow. During periods of severe flood or drought, salinity regimes 
may be so altered from oormal ronditions that m::>tile species romnonly residing 
in the estuary may be forced to migrate to other areas where environmental 
condi tions are m::>re suitable. Generally, however, the estuarine-dependent 
species will remain during oormal periodic salinity fluctuations. Should the 
normal salinity ronditions be altered for prolonged periods due to natural or 
man-made causes, the diversity, distribution and productivity of species within 
an estuary will be restricted. 

The median m::>nthly salinities in Table 9-2 are a measure of the oormal 
monthly salinities of the estuary. The median m::>nthly salinity is that value 
for which one-half of the observed average m::>nthly salinities exceed the 
median and one-half are less. . The median m::>nthly salinity thus reflects the 
"expected" salinity in the estuary. Median rrnnthly salinities have been 
corrputed for the area in upper San Antonio Bay for which the rrnnthly salinity 
regression equations were developed (Table 9-2). 

Marsh Inundation Needs 

The periodic inundation of deltaic marshes serves to maintain shallow 
protected habitats for postlarval and juvenile stages of several irrportant 
estuarine species, provides a suitable fluid medium for nutrient _exchange 
processes, and acts as a transport mechanism to m::>ve detrital materials (food) 
from the deltaic marsh into the open estuary. The areal extent of deltaic 
marsh inUndation is a function of the channel capacity, discharge rate and 
volume, wind direction, and tidal stage. 

Historically, the discharge rates of Texas' rivers have fluctuated on a 
seasonal basis. Monthly freshwater inflows usually peak in the spring and 
early fall, reflecting the increased rainfall and surface ruooff that oormally 
occurs during these m::>nths. The cyclic periods of high and low freshwater 
discharge have influenced the evolution of estuarine dependent organisms, 
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Table 9-2. Salinity Characteristics of Upper San Antonio Bay 

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

Month 
: 

upper b/ 
Viability 

Limit 

: 

. . 

Salinity in 
Upper San Antonio Bay a/ 

(ppt) -

----------
Laver b/ 

Viability 
Limit 

: 
Mead ian 

Historic 
Salinity 

---_._-----_._--------" -----------
Januaq 20 10 13 

Februaq 20 10 12 

March 20 10 12 

April 15 5 13 

May 15 1 10 

June 9 

. July 20 10 11 

August 20 10 17 

September 15 5 13 

October .15 5 13 

November 20 10 13 

December 20 10 14 

a/ Represented-by the average of TImR network -Sites-i462.03 and 2462.01-­
- (Figure 3-8). 
EV These values represent the limits of long-term viable species activity, at 

a control point in the estuaq and not individual organism survival 
limits. 
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especially the early life stages which are dependent upon marsh inundation and 
nutrient processes for biological productivity. 

The Guadalupe River delta, the only major river delta in the Guadalupe 
estuary, is subject to periodic inundatio~ by freshwater due to dis­
charge from the Guadalupe River system. The areal extent of deltaic inunda­
tion is a function of wind, tide, and discharge rate and volume. If high 
tides are present, the area of the delta inundated by a given peak flood 
discharge is greater than that occurring with normal or low tides. 

To formulate a water management program that incorporates deltaic inunda­
tion as a management procedure, it is necessary to determine both the period­
icity and magnitude of historical flood events for the delta. If what has 
happened naturally in the past has been sufficient, to maintain the product­
ivity of the estuary, incorporation of historical patterns into a management 
plan will most likely provide inundation sufficient to maintain productivity 
in the future. 

Historical deltaic inundation was cnmputed through the use of a hydro­
dynamic model for GuadaluR€' delta (45). A series of peak discharges ranging 
fran 4,000 to 30,000 ft3/sec (113 to 850 m3/sec) (for normal and high 
tidal regimes) were used in the analysis and the areal extent of deltaic 
inundation was determined for each tide/discharge scenario. With normal tides 
(1.8 feet to 2.2 feet [0.55 - 0.67 m] above MSL), a peak discharge of 4,000 
ft3/sec (113 m3/sec) was sufficient to begin inundation of the delta. 
During high tides (range 2.3 feet to 3.1 feet [0.70 - 0.94 m] above MSL), the 
model predicted that a 4,000 ft3/sec (113 m3/sec) peak discharge from the 
Guadalupe River system would result in inundation of 61 percent of the delta. 

Since historical tide stages are unknown for a large portion' of the 
period of record, a daily peak discharge of 4,000 ft3/sec (113 m3/sec) or 
greater was cnnsidered a potential inundation event. This figure was selected 
on the basis of model predictions showing inundation beginning to occur for 
normal tides as freshwater inflow to the delta approaches 4,000 ft3/sec (113 
m3/sec) • 

Daily gaged discharge data for the period of record (1941-1976) were 
examined to arrive at monthly and seasonal distributions of discharge events 
with peak flows of 4,000 ft3/sec (113 m3/sec) or greater (Table 9-3). It 
was apparent that more inundation events have occurred in the spring months of 
April, May, and June than during any other seasonal period. The data suggest 
that inundation events in the Guadalupe delta have occurred more often in the 
spring and fall than in winter and summer. According to biological evidence, 
spring inundation events are necessary for (1) adequate Plysical wetting of 
the marsh plant cnmmunities, (2) nutrient exchange and biogeochemical cycling 
of carbon, nitrogen and Plosphorus, (3) transport of detrital food materials, 

Y Deltaic inundation is defined as submergence of a portion of the river 
del ta by water to a depth of at least 0.5 feet (O. 15 m) for a period not 
less than 48 hours. These values are based upon TIWR supported research 
(271, 275). Studies indicate that maximum rates of nutrient release from 
the sediment to the overlying water cnlumn occur and diminish within the 
first 48 hours of a discrete inundation event, following a prolonged 
period of emergence and ,drying. 
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Table 9-3. Peak Gaged Discharge for Discrete Flood Events Greater Than 4,000 ft3/sec in the Guadalupe River Delta, 
1941-1976 

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

ft}/sec 

19,740 90,200 17,260 35,680 58,100 62,000 92,900 23,010 247,000 85,800 47,000 29,210 _ 
18,740 25,050 15,335 35,130 66,590 59,140 28,200 14,990 57,150 55,800 44,073 -21,423 
15,810 17,827 15,202 34,090 49,930 39,540 20,390 11,370 54,395 41 ,650 31,500 12,967 
13,200 17,160 9,87 27,259 38,920 30,850 15,570 9,755 43,730 36,950 23,057 11,754 
12,528 15,920 9,573 26,510 29,320 21,710 _ 14,524 9,077 36,530 30,639 20,120 10,880 
12,250 15,138 7,402 18,507 28,530 21,180 13,636 7,910 19,700 30,020 14,544 10,381 
11,530 11,080 6,785 14,200 24,330 20,220 10,157 7,857 18,040 20,620 14,250 9,920 

9,732 9,130 6,173 -14,100 20,590 18,064 7,920 6,859 15,204 15,260 14,103 9,494 
8,600 8,528 6,096 12,398 19,714 17,183 7,360 5,921 14,946 13,449 14,048 8,794 
8,502 6,672 5,077 10,974 18,004 14,606 5,777 4,483 13,370 13,383 13,100 6,860 
7,550 6,219 4,289 10,548 16,570 14,051 5,077 4,023 10,120 10,003 9,277 6,833 
6,165 5,892 4,263 10,368 14,918 13,053 4-,874 9,827 9,360 7,760 5,259 

H 
5,620 5,754 10,057 14,250 12,930 4,458 9,516 8,928 6,688 4,765 

X 5,489 8,730 13,640 11,151 4,034 8,680 7,398 6,674 4,623 
I 5,381 7,375 12,850 10,150 6,300 5,570 6,151 4,277 '" 4,849 6,365 12,780 8,749 5,970 4,930 5,742 

4,737 6,228 12,430 7,912 5,777 4,662 
4,285 4,428 12,170 7,532 5,334 4,519 

4,265 11,460 6,436 5,285 4,411 
11,425 5,595 4,567 
11,350 5,537 
11,254 5,265 
11 ,240 4,836 
10,900 4,624 
10,488 
10,142 
9,894 
8,872 
8,594 
7,707 
6,508 
6,426 Median peak flood discharge 
4,944 April-June 12,500 ft3/sec 
4,530 September-December = 12,500 ft3/sec 

----



and (4) reduction of salinity to suit the preferences of young, estuarine­
dependent organisms utilizing the "nursery" habitats of the IlBrsh and adjacent 
shallow water areas. Although fewer juveniles inhabit the nursery areas 
during the tropical storm dominated fall season, the sporadic inUndation 
events of that season also provide similar llBintenance benefits to the 
estuary. 

If historical inundation events (peak daily flows greater than 4,000 
ft3/sec [113 m3/secl) are grouped into those that occur during the spring 
(April, May, and June), those that occur during the late fall and early winter 
(September, October, November, and December), and the total that occurs during 
the year, it is evident that an average of five inundation events have 
occurred per year in the Guadalupe delta over the period of record (Table 
9-4). In order to llBintain the historical inundation frequency, the Guadalupe 
River delta would need to receive a IlEdian of five flood events per year 
greater than 4,000 ft3/sec (113 m3/sec). 

Ideally, inundation events should occur at times which would provide the 
most benefit to estuarine organisms. The irrportance of at least one spring 
and one fall event has . been discussed previously. Since low salinities and 
shallow habitat (for protection of the young) are prillBry requisites during 
the spring, any inundation events occurring during this period will provide 
the greatest benefit ·to the organisms. An inundation event in April and sub­
sequent events in May and June would be expected to extend favorable habitat 
conditions for larvae and juvenile stages of estuarine--dependent organisms. 
The April-,June and September-December median daily peak discharges over the 
period of record have been 12,500 ft3/sec (354 m3/sec). 

The typical flood hydrograph for the contributing basins associates flood 
volume of 125,000 acre-feet (15 million m3), with the above peak discharge. 
The percent of IlBrsh inundated as computed I:ri the delta hydrodynamic Il'Odel, 
will vary with wind direction and tide stage. With a rormal tide (range 1.8 
feet to 2.2 feet [0.55 - 0.67 ml above MSL) and peak discharges of the above 
mentioned IlBgnitudes, the Il'Odel predicts that only about 28-30 percent of the 
delta area 'will be inundated. Under a "high tide" (range 2.3 to 3.1 feet 
[0.70 - 0.94 ml above MSL) similar peak discharges will result in inundation 
of 78-80 percent of the Guadalupe delta. 

Estuarine Linear Programming Model Description 

The combination of desired objectives and environmental and physical 
constraints relating the effects of freshwater inflows with selected estuarine 
indicators is termed the Estuarine Linear Progranrning Model. The Il'Odel 
relates the conditions of the estuary, in terms of a specified criteria, to 
the set of relevant variables, including IIOnthly inflows from the Guadalupe 
Ri ver Basin and San Antonio River Basin.1I A Linear Progranrning (36) 
optimization procedure is used to determine the IIOnthly freshwater inflows 
from the Guadalupe and San Antonio .River Basins needed to meet specified 

V-Additional freshwater inflows are contributed to the estuary from the San 
.- Antonio-Nueces and Lavaca-{;uadalupe Coastal Basins; however, the indi­

vidual IIOnthly inflows from these sources are taken to be fixed at their 
historical IIOnthly average inflow over the period 1941 through 1976. 
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Table 9-4. Frequency of Annual and Seasonal Flood Events with Peak Daily 
Gaged Flows Greater than 4,000 ft3/sec in the Guadalupe River 
Delta, 1941-1976. 

Number of Occurrences over Pericd of Record 

EVents per 
Pericd Spring Fall 

Total 
Annual 

-----------------------'---------------_._-----
(x) Freq. (f) y f*x b/ Freq.(f) f*x Freq. (f) f*x 

0 6 0 10 0 1 0 

9 9 6 6 1 

2 10 20 10 20 6 12 

3 4 12 4 12 4 12 

4 2 8 4 16 4 16 

5 2 10 5 2 10 

6 3 18 1 6 4 24 

7 2 14 

8 4 32 

9 2 18 

10 2 20 

11 2 22 

12 0 0 

13 2 26 
--------------------------------------------------

l:f*x 

Number of Years = 36 

Mean Number Inundation 
events per year 

Median Number Inundation 
events per year 

77 

2.2 

2 

65 207 

1.8 5.75 

2 5 

a/Frequenci-(flistbe -n~r or~asons -oryearn-in which the -nUiiiber of­
- flood events greater than 4,000 ft3/sec equals x. 
b/ f*x stands for f multiplied by x. 
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salinity, marsh inundation and commercial bay fisheries levels. The 
quantifications of salinity and commercial fisheries harvest as functions of 
freshwater inflow are represented by the statistical regression equations 
given in Chapter V and VIII, respectively. The harvest equation utilized for 
a given species is the best significant regression equation accounting for the 
most variance in the data (Le., having the largest r2 value and having the 
smallest standard error for the harvest estimate). 

Specification of Objectives. The criteria or objectives in this optimization 
formulation can be any desired estuarine condition. One objective of interest 
is to determine the least annual inflow to the estuary while rreeting the 
constraints on salinity regimes and marsh inundation. Another alternative 
could be to compute the estimated quantity of freshwater inflow to maximize 
the commercial harvests in the estuary. This harvest could be either for an 
individual species of aquatic organism, a weighted sum of the harvests of a 
group of the corrmercially important species (e.g.,' shellfish), or other 
combinations. 

Computational Constraints for the Model. A set of constraints in the model 
relate freshwater inflow to various environmental and statistical limits 
specified as objectives. These constraints include: 

(1) upper and lower limits for the seasonal inflows used in the 
regression equations which estimate annual commercial bay fisheries 
harvest, 

(2) statistical regression equations relating mean monthly salinities to 
mean monthly freshwater inflOWS, 

(3) upper and lower limits on the monthly inflows used in computing the 
salinity regression relationships, and 

(4) upper and lower viability limits on allowable monthly salinities 
(Table 9-2). 

Alterpative Estuarine Objectives 

Three alternative objectives are considered, as follows: 

Alternative I, Subsistence 
Objective: minimize annual combined inflow while rreeting salinity rounds and 

marsh inundation needs; 

Alternative II, Maintenance of Fisheries Harvests 
Objective: minimize annual combined inflow while providing freshwater inflows 

sufficient to provide predicted annual commerical harvests in the 
estuary of red drum, seatrout, shrimp, and all shellfish combined 
at levels no less than their mean 1962 through 1976 historical 
values, satisfying marsh inUndation needs, and rreeting viability 
limits for salinity; 

Alternative III, Shrimp Harvest Enhancement 
Objective: maximize the total' annual commercial harvest of shrimp in the 

estuary while observing salinity viability limits, marsh 
inundation' needs, and utilizing an annual combined inflow no 
greater than the average 1941 through 1976 historical annual 
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rornbined inflow. In addition, it is required that the projected 
commercial harvest of the all shellfish romponent be no less than 
the average 1962 through 1976 historical harvest. 

The objective and ronstraints for the listed alternatives are indicated 
in Table 9-5. 'lhe three specified objectives are not the only fX)ssible 
options for the Guadalupe estuary; however, they provide a range of 
alternatives: survival or subsistence (Alternative I), maintenance of bay 
harvest levels (Alternative II), and shrimp bay harvest . enhancement 
(Alternative III). 

Alternative I: Subsistence. The objective of Alternative I (Subsistence) is 
to minimize total annual rornbined inflow while meeting specified rounds on 
salinity (Table 9-2) in upper San Antonio Bay and satisfying marsh inundation 
needs for the Guadalupe delta.l/ The upper salinity round for each 
month is the minimum of the upper viability limit and the historical median 
salinity. Optimal IlOnthly inflows to the estuary needed to meet the objective 
have been determined by the Estuarine Linear Programning Model. 'lhe estimated 
annual rornbined inflow need aIlOunts to approximately 1.6 million acre-feet, 
with 1.49 million acre-feet from the Guadalupe River Basin (including the San 
Antonio River Basin), and 83.0 thousand acre-feet from the San Antonio-Nueces 
and Lavaca-Guadalupe Coastal Basins (Table 9-6). 

Monthly freshwater inflow needs generated by the Estuarine Linear 
Programming Model for Alternative I provide salinities in upper San Antonio 
Bay which closely approximate those for the required upper rounds during IlOst 
months of the year (Figure 9-2). Guadalupe River Basin inflows during the 
months of June and October provide lower salinities as a ronsequence of meet­
ing marsh inundation requirements. 

Comparison between the mean 1941 through 1976 historical rornbined inflows 
and the estimated freshwater inflow needs from the Guadalupe River Basin are 
made for each IlOnth (Figure 9-3). 'lhe estimated IlOnthly freshwater inflow 
needs are less than the mean IlOnthly 1941 through 1976 inflows except .for the 
month of septemberY. The distribution of the freshwater inflow needs 
between the Guadalupe Basin and the roastal basins is illustrated in Table 
9-6. Note the relative insignificance of the inflow from the coastal basins. 

Implementation of Alternative I for the Guadalupe estuary under the 
inflow regime indicated in Table 9-6 would result in moderate to severe 
projected decreases in ronmercial bay fisheries harvests from average his­
torical levels observed during the 1962 through 1976 period (Figure 9-4). The 
finfish category would have a projected annual harvest of 103.7 thousand 

y 

Guadalupe delta inundation needs include inundation volumes of 125,000 
a=e-feet each month for the period April through June (peak daily 
discharge of 12,500 ft3jsec at the Guadalupe delta) and in september and 
October. 
The inflow need is greater than average inflow as a result of the upper 
salinity limit in September being less than the median historical salinity 
for sample sites in San Antonio Bay where the salinity was evaluated 
(Table 9-2). 
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Table 9-5. Criteria and System Performance Restrictions for the Selected Estuarine Alternatives 

Criteria: 

Maximize Annual Harvest of Shrimp 
Least Possible Armual Combined InflCM 

Constraints: 

Armual Inflow from the Guadalupe River Basin is TO greater than its 
Average Armual Historical Value (1941-1976) 

Predicted Armual Spotted Seatrout and Red Drum Corrmercial Harvests TO 
less than 'their Average Armual Values (1962-1976) 

Predicted Armual Commercial Shellfish Harvest TO less than the Average 
Harvest (1962-1976) 

Predicted Annual Shrimp, and Shellfish Conrnercial Harvests TO less than 
their Average Harvests (1962-1976) 

Upper and Lower Limits on Seasonal Inflows to Insure Validity of 
Predictive Harvest Equations 

Upper and Lower Limits on Mean Monthly Salinity 
Upper and LCMer Limits on Monthly Inflows to Insure Validity of Predictive 

Salinity Equations 
Lower Limits on Mean Monthly Guadalupe River Basin Inflow for Marsh 

Inundation of the Guadalupe Delta 

Alternatives 

I II III 

x 
x x 

x x 

x 

x 

x 

x x x 

x x x 
x x x 

x x x 
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Table 9-6. Freshwater Inflow Needs of the~uadalupe Estuary under Alternative I ~ 

Period 

January 
February 
Mardi 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Annual 

Estuary InflCM 
Need from the 

: Basin 

102.2 
115.8 
97.0 

160.4 
165.1 
125.0 

70.4 
97.5 

247.1 
125.0 
93.1 
92.6 

1,491.? 

Guadalupe 
River Basin ! 

Estuary Inflow Need 
from Gaged Portion 

: of the Basin .!?I : 

'lbousands of Acre-Feet 

86.4 
96.2 
80.3 

134.1 
138.1 
104.0 
57.6 
80.6 

207.8 
104.0 
76.9 
76.5 

1,240.7 

~All inflows are rrean IlOnthly values. 

Total Inflow 
From C<;>astal 

Basins 

4.0 
6.0 
3.0 
6.0 
8.0 
8.0 
6.0 
7.0 

14.0 
10.0 
5.0 
6.0 

83.0 

Combined 
Inflow cl 

: 

106.2 
121.8 
100.0 
166.4 
173.1 
133.0 
76.4 

104.5 
261.1 
135.0 
98.1 
98.6 

1,574.2 

bl These values computed using regression equations relating IlOnthly river basin inflow to the estuary with 
- IlOnthly gaged flCMS at USGS Stations at Goliad and Victoria on the Guadalupe River, and Coleto Creek near 

Schroeder. 
cl Includes all freshwater inflow to the estuary except direct precipitation on the estuary's surface (see 
- Chapter IV for definition). 
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pounds, or a 56 percent decrease from the average (mean historical levels); 
total shellfish harvest, an eight percent reduction; and shrimp, a predicted 
seven percent decline in harvest. 

Alternative II: Maintenance of Fisheries Harvests. The objective of Alterna­
tive II (Maintenance of Fisheries Harvests) is to minimize combined inflow to 
the estuaJ:Y while providing predicted annual conmercial bay harvests of red 
drum, seatrout, shrimp, and total shellfish at levels no less than mean 1962 
through 1976 historical values; satisfying marsh inundation needs; and meeting 
viability limits for salinity. 

The optimal set of monthly freshwater inflow needs derived by the 
Estuarine Linear Programming Model for Alternative II (Table 9-7) amounts to 
almost 2.02 million acre-feet annually, of which 1.937 million acre-feet are 
contributed by the Guadalupe River system and 83 thousand acre-feet from the 
coastal basins. The yearly volume needed from the Guadalupe River Basin is 
11 percent less than the average historical inflow from the basin over the 
period 1941 through 1976. 

Monthly freshwater inflow needs generated for Alternative II provide 
salinities (Figure 9-5) which are predicted to be lower in upper San Antonio 
Bay in certain months than under Alternative 1. Predicted salinities are 
lower than those for Alternative I during the critical spring lIOnths (April, 
May, and June) of fisheries productivity, as additional inflow during that 
period is supplied under Alternative II. 

The Estuarine LP Model does not specify unique lIOnthly inflows from the 
Guadalupe River Basin except in the lIOnths of July through October. The 
inflows for the seasons covered by the remaining lIOnths could be distributed 
on a lIOnthly basis in any desired manner, consistent with the minimum inflow 
needed in each month for salinity maintenance and marsh inundation (Table 
9-6). This is possible since the inflow variables in the fisheries equations 
represent seasonal inflows. It was decided to distribute the inflows for the 
winter (JanuaJ:Y-March), spring (April-May), and fall (November and December) 
seasons to individual lIOnths based upon the historical (1941-1976) average 
inflow distribution within each monthly grouping (see Chapter IV), while 
observing lIOnthly salinity and inundation needs. 

Corrparisons between the mean historical combined inflows and estimated 
freshwater inflow needs for this alternative were made for the Guadalupe River 
Basin (Figure 9-6). The average 1941 through 1976 historical inflows from the 
Guadalupe River Basin are generally greater for each lIOnth than the freshwater 
inflow needs under this alternative. The exceptions are the lIOnths of April, 
May, June and September. Freshwater inflow needs in the spring season (April, 
May and June) are approximately equal to the average historical inflows in 
these lIOnths. Inflow needs in the summer (July and August) and autumn 
(September and October) seasons are near the minimum values necessaJ:Y to 
satisfy the upper biological viability bounds for salinity. 

Implementation of ~ternative II for the Guadalupe. estuaJ:Y under the 
inflow regime indicated in Table 9-7 is projected to result in conmercial 
fisheries harvests equal to or greater than the average historical levels 
observed during the 1962 through 1976 period, with the exception of the total 
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Table 9-7. Freshwater Inflow Needs of the Guadalupe Estuary under Alternative II 51 

Period 

: 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Annual 

Estuary Ir,flow 
Need from the 

Basin 

139.5 d/ 
163.7 ij 
133.9 d/ 
193.4 e/ 
303.5e/ 
230.3 ~ 
70.4 
97.5 

247.1 
125.0 
121.9 f/ 
110.7 11 

1,936.9 

Guadalupe 
River Basin 

: 

Estuary Inflow Need 
from Gaged Portion 

of the Basin J:I 
Thousands of Acre-Feet 

116.4 
136.9 
111.6 
162.2 
255.8 
193.5 
57.6 
80.6 

207.8 
104.0 
101.4 
91.9 

1,619.7 

i/ -All inflows are mean IlOnthly values. 

Total Inflow 
From Coastal 

Basins 

4.0 
6.0 
3.0 
6.0 
8.0 
8,0 
6.0 
7.0 

14.0 
10.0 
5.0 
6.0 

83.0 

· · 

· · 

Combined 
Inflow EI 

143.5 
169.7 
136.9 
199.4 
311.5 
238.3 
76.4 

104.5 
261.1 
135.0 
126.9 
116.7 

2,019.9 

EV These values computed using regression equations relating IlOnthly river basin inflow to the estuary with 
- IlOnthly gaged flows at USGS Stations at Goliad and Victoria on the Guadalupe River, and Coleto Creek near 

Schroeder. 
c/ Includes all freshwater inflow to the estuary except direct precipitation on the estuary's surface (see 
- Chapter IV for definition). 
d/ Total seasonal freshwater inflow need distributed according to Guadalupe River Basin (1941-1976) average 
- IlOnthly inflow distribution in the season (January, February and March). 
e/- Total seasonal freshwater inflow need distributed according to Guadalupe River Basin (1941-1976) average 
- IlOnthly inflow distribution in the season (April, May and June). 
f/ Total seasonal freshwater inflow need distributed according to Guadalupe River Basin (1941-1976) average 
- IlOnthly inflow distribution in the season (November and December). 
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finfish and brown and pink shrimp harvests (Figure 9-7). Under these inflow 
condi tions, total finfish harvest is projected to be 11 percent less than the 
historical' average, while the brown and pink shrimp harvest is estimated to 
decrease by 22 percent. 

Alternative III: Shrimp Harvest Enhancement. The objective of Alternative 
III (Shrimp Harvest Enhancement) is to maximize the total annual estuarine 
commercial bay harvest of shrimp, while observing salinity viability limits 
and marsh inundation needs, utilizing annual Guadalupe River Basin inflows at 
a level no greater than the average 1941 through 1976 historical annual 
inflow, and not allowing the total shellfish harvest to be less than the 
1962 through 1976 historical annual average. , 

The Estuarine Linear Prograrrming Model was utilized to determine an 
optimal set of IIOnthly river basin inflows to meet the stated objective (Table 
9-8) • The annual combined infl~ from freshwater sources needed to 
maximize the shellfish harvest was estimated at 2.26 million acre-feet (the 
constraining 1941 through 1976 historical annual average inflow). The total 
annual contribution from the Guadalupe River Basin was estimated at alllOst 
2.18 million acre-feet. The remaining annual freshwater contribution of 82 
thousand acre-feet' is the historical average inflow from the San Antonio­
Nueces and Lavaca-Guadalupe Coastal Basins. As with Alternative II, seasonal 
inflow needs were distributed IIOnthly on the basis of the historical inflow 
distribution, as indicated in Table 9-8. 

Monthly freshwater inflow needs generated for Alternative III provide 
monthly salinities which are lower for the IIOnths of January, February and 
March in upper San Antonio Bay than those under Al ternati ve II (Figure 9-8). 

,In the summer and fall IIOnths, however, upper San Antonio Bay salinities are 
about the same as those under Alternative 1. 

Comparisons between mean historical combined inflows and estimated fresh­
water inflow needs under Alternative III were made for the Guadalupe Basin 
(Figure 9-9). The average historical inflows from the basin were higher than 
the freshwater inflow needs under Alternative III for the spring, summer, and 
fall IIOnths, and lower than the estimated needs for the winter (January, 
February and March). 

Implementation of Alternative III for the Guadalupe estuary under the 
inflow regime indicated in Table 9-8 would result in a projected 34 percent 
increase in total shrimp harvest above the mean 1962 through 1976 historical 
level (Figure 9-10). Changes in individual shrimp categories under Alterna­
tive III give a projected 47 percent increase in white shrimp harvested, and 
22 percent decrease in brown and pink shrimp harvested. The total shellfish 
harvest is projected to equal the average annual 1962 through 1976 harvest. 
In the finfish categories, projected commercial harvest changes from historic 
1962 through 1976 conditions include a 54 percent decrease in total finfish 
harvest, a 66 percent increase in spotted seatrout, and a 52 percent decrease 
in red drum. 

Y Combined inflow does rot include direct precipitation on the· estuary's 
surface (See Chapter IV for definition). 
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Table 9-8. Freshwater Inflow Needs of the Guadalupe Estuary under Alternative III ~ 

---- . . 
Guadalupe 

River Basin Total Inflow Combined 
From Coastal : Inflow s:/ 

-- _.- - _.- -

Period : Basins 
Estuary Inflow Estuary Inflow Need 
Need from the from Gaged Portion 

Basin of the Basin EI 
: 

Thousands of Acre-Feet 

January 331.6 279.6 4.0 335.6 
February 234.1 196.8 6.0 240.1 
March 186.8 156.5 3.0 189.8 
April 182.0 ij 152.4 6.0 188.0 
May 285.6 d/ 240.6 8.0 293.6 
June 216.8 ij 182.1 8.0 224.8 
July 70.4 57.6 6.0 76.4 
August 97.5 80.6 7.0 104.5 
September 247.1 e/ 207.8 14.0 261.1 
October 141.6 ~ 118.1 10.0 151.6 
November 93.1 76.9 5.0 98.1 
December 92.& 76.5 6.0 98.6 

Annual 2,179.2 1,825.5 83.0 2,262.2 

a7 All inflows are mean IIOnthly values. 
y These values computed using regression equations relating IIOnthly river basin inflow to the estuary with 

IIOnthly gaged flows at USGS Stations at Goliad and Victoria on the Guadalupe River, and Coleto Creek· near 
Schroeder. 

s:/ 
ij 

Includes all freshwater inflow to the estuary except direct precipitation on the estuary's surface (see 
Chapter IV for'definition). 
Total seasonal freshwater inflow need distributed. according to Guadalupe River Basin (1941-1976) average 
rronthly inflow distribution in the season (April, May and June). 

e/ Total seasonal freshwater inflow need distributed as closely as possible to Guadalupe River Basin 
- (1941-1976) average rronthly inflow distribution in the season (September and October). 
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I 
Application of Tidal Hydrodynamic and Salinity Transport Models 

I 

The determination of preliminary estimates of freshwater inflow needs, 
described above, must be 'followed by additional steps in the \llE!thodology in 
order to insure that the resulting salinity distribution throughout the 
estuary is satisfactory (Figure 9-1). The Estuarine Linear Programming Model 
considers salinities only at one point in the Guadalupe estuary near the major 
source of freshwater inflow. To determine circulation and salinity patterns 
throughout the estuary it is necessary to apply the tidal hydrodynamic and 
salinity mass transport models (described in Chapter V) using the estimates of 
monthly freshwater inflow needs obtained from the Estuarine Linear Programming 
Model. If the circulation patterns and salinity gradients predicted by the 
hydrodynamic and transport models are acceptable, then the tentative IIDnthly 
freshwater inflow needs may be accepted. Should the estuarine oonditions rot 
be satisfactory, then the oonstraints upon the Linear Programming Model must 
be modified, and the model again used to oompute new estimates. 

Salinity patterns in the estuary are of primary importance for insuring 
that predicted salinity gradients provide a suitable environment for the 
estuarine organisms. For high productivity, it is estimated that mean IIDnthly 
mid-bay salinities in San Antonio Bay should not exceed 25 parts per thousand 
(ppt) in any month under the projected freshwater inflow needs. The lowest 
annual inflow to the estuary from any of the three alternatives oonsidered 
here is provided by Alternative I; thus, if the salinity oonditions across the 
estuary meet the 25 ppt criteria under Al ternati ve I, monthly freshwater 
inflows under Alternatives II and III should also satisfy the oondition (since 
they specify higher inflows). A lower limit on the salinity in the center of 
San Antonio Bay was not evaluated since it was not anticipated that the IIDnth­
ly inflows under the three alternatives would give salinities lower than 10 
ppt. 

Simulation of Mean Monthly Circulation and Salinity Patterns in the Guadalupe 
Estuary. The estimated monthly freshwater inflow needs to the Guadalupe 
estuary under Alternative I were used as input oonditions to the tidal hydro­
dynamic model, along with typical tidal and meteorological oonditions for each 
month, to simulate average circulation patterns in the Guadalupe estuary for 
each IIDnth of the year. 

The output of the tidal hydrodynamics model oonsists of a set of tidal 
amplitudes and net flows oomputed for each cell in the 36 X 24 computational 
matrix representing the Guadalupe estuary. The oomputed net flows are the 
average of the instantaneous flows calculated by the model CNer the tidal 
cycle. Thus, the circulation pattern represented by these net flows should 
not be interpreted as a set of currents that can be observed at any time dur­
ing the tidal cycle, but rather as, a representation of the net IIDvement of 
water created by the combined action of the Gulf tides, freshwater inflow, and 
meteorological conditions during the tidal cycle. 

The resultant circulation patterns can,be best illustrated in the form of 
vector plots, wherein each vector (or arrow) represents the net flow through a 
computational cell. The orientation of the vector represents the direction of 
flow, and the length of the vector represents the magnitude of flow. 
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The tidal arrplitudes and flCMS calculated by the tidal hydrodynamics 
model are used as input to cperate the salinity transport rrodel to simulate 
the salinity distributions in the Guadalupe estuary for each of the mean 
monthly periods. The resultant salinity distributions are 'illustrated in the 
form of salinity contour plots wherein lines of uniform salinity are shCMn in 
increments of five parts per thousand (pj:>t). 

Simulated FICM Patterns. The simulated steady-state flCMS in the estuary are 
given in Figures 9-11 through 9-22 for each of the twelve I1Dnths. The magni­
tude and direction of net flCM in each computational "cell" is indicated by an 
arrCM or vector. The magni tude of flCM is indicated by the length of each 
vector, with one inch corresponding to approximately 40,000 ft3jsec (570 
m3jsec) • 

Examination of the vector plots for each of the numerical simulations 
using average I1Dnthly inflCMs revealed that the circulation patterns in the 
Guadalupe estuary could be divided into two groups based upon similarities: 
(1) the I1Dnths of November, December, and January and (2) the other I1Dnths of 
the year. This breakdCMn of the circulation patterns into winter and non­
winter periods facilitates the follCMing discussion of the simulated I1Dnthly 
hydrodynamic conditions. 

(1) Simulated November, December and January Circulation Patterns. The 
flCM circulations and salinities in the Guadalupe estuary were simulated for 
historical average meteorological conditions and estimated freshwater inflCM 
needs for Alternative I for the I1Dnths of November, December and January. The 
predominant wind speed and direction of 10 miles per hour (mph) (4.5 m/sec) 
from the north-northeast varied only slightly aI1Dng these winter I1Dnths. 

Examination of the simulated circulation patterns in the bays for these 
three I1Dnths (Figures 9-21, 9-22 and 9-11) indicates that the predominant net 
water circulation under these simulated conditions is from Carlos Bay in the 
Mission-Aransas estuary into Mesquite Bay of the Guadalupe estuary and con­
tinuing northeastward through San Antonio and Espiritu Santo Bays into the 
Lavaca-Tres Palacios estuary. 

The circulation patterns in the middle and upper portions of San Antonio 
Bay have several circular net currents which dominate the circulation pattern. 
The flCM from the Guadalupe River appears to be the .dominant factor inducing 
these currents in the upper portion of San Antonio Bay. 

Several simulated secondary currents 
Espiritu Santo Bays result in flCM along the 
being directed in a southwesterly direction. 

in the ICMer San Antonio and 
northern shore of Mustang Island 

The major exchange points between the Guadalupe estuary and the Mission­
Aransas estuary, the Lavaca-Tres Palacios estuary, and the Gulf of Mexico were 
evaluated for net flCM volume and direction during these I1Dnths. The primary 
exchange points were from the Mission-Aransas estuary into Mesquite Bay and 
from Espiritu Santo Bay into the Lavaca-Tres Palacios estuary. Net exchange 
directly into the Guadalupe estuary from the Gulf of Mexico was relatively 
small although substantial instantaneous flCMsdid occur. 
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(2) Simulated Non-Winter Circulation Patterns. Simulation of the tidal 
hydrodynamic ronditions in the Guadalupe estuary indicated that net flow 
patterns specified under the monthly freshwater inflow needs of Alternative I 
were similar for all months except November, December and January (Figures 12 
through 20). Similarities occurred even though the historical mean wind speed 
and direction varied from month-to-month. In April, wind speed averaged 12.8 
mph (5.7 m/sec) from the south-southeast, while in August, it averaged 8.1 mph 
(3.6 m/sec) from the southeast. Wind direction throughout the period March 
through November was predominantly from the east and southeast. 

Predominant net circulation patterns as simulated for these months 
indicate flow from Mesquite Bay in the southeast, through the lower portion of 
San Antonio Bay adjacent to the northern roast of Mustang Island, into 
Espiritu Santo Bay, then along the intraroastal waterway and the oorthern 
shore of Espiritu Santo Bay, and finally out of the Guadalupe estuary through 
the passes leading to the Lavaca-Tres Palacios estuary. The second most 
significant current pattern simulated showed movement from the mouth of the 
Guadalupe River into the main portion of San Antonio Bay, then toward the 
intracoastal waterway, where it joins the current rrnving from Mesquite Bay. 

Several circular current patterns are evident in the simulation for these 
months. The rrnst significant is located in eastern Espiritu Santo Bay. The 
current is clockwise in direction and appears to exchange flow with the pri­
mary current moving from Mesquite Bay. Other evident circular currents are 
found in Hynes Bay and the oorthern portion of San Antonio Bay. 

The simulation indicates net flow into the estuary at each of the ex­
change points with the Gulf of Mexiro (Cedar Bayou and Pass cavallo via 
Saluria Bayou) and at Cedar Dugout. Simulated net flows out of Guadalupe 
estuary are found at the passes ronnecting the Guadalupe and Lavaca-Tres 
Palacios estuaries, the Intraroastal waterway channel, and Big Bayou. 

Simulated Salinity Patterns. The results of the monthly hydrodynamic simula­
tions were used to provide the basic flow circulation information to execute 
the salinity transport model for the Guadalupe estuary. The application of 
the salinity model was undertaken for each of the monthly freshwater inflow 
needs of Alternative I. 

Simulated monthly salinities in the Guadalupe estuary (Figures 9-23 
through 9-34) can be divided into two monthly groups having similar character­
istics: (1) January, February, March, July, August, November and December; 
and (2) April, May, June, September and October. The pattern of salinities 
evident in each of these groupings is discussed in the following paragraphs. 

(1) Simulated January, Februa';Y' March, July, August, November and 
December Salinity Patterns. The sal1nities simulated by the numerical mass 
transport model for the months of January, February, March, July, August, 
November, and December, range from below 10 parts per thousand (ppt) to O<ler 
30 ppt in the Guadalupe estuary (Figures 9-23 to 9-25, 9-29, 9-30, 9-33), and 
9-34). Mesquite Bay has simulated salinities of between 25 and 30 ppt in an 
area adjacent to Cedar Bayou. The salinities decrease from Mesquite Bay into 
San Antonio Bay, where roncentrations in the lower portion of the latter bay 
were between 20 and 25 ppt. Simulated salinities in Hynes and upper San 
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Figure 9-23. Simulated Salinities in The Guadalupe 
Estuary Under January Freshwater Inflow 

Needs, Alternative I (ppt) 
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Figure 9·24. Simulated Salinities in the Guadalupe 
Estuary Under February Freshwater Inflow 
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Figure 9-25_ Simulated Salinities in The Guadalupe 
Estuary Under March Freshwater Inflow 
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Figure 9-26_ Simulated Salinities in The Guadalupe 
Estuary Under April Freshwater Inflow 

Needs Alternative I (ppt) 
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Figure 9-27. Simulated Salinities in The Guadalupe 
Estuary Under May Freshwater Inflow 

Needs, Alternative I (ppt) 
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Figure 9-28. Simulated Salinities in The Guadalupe 
Estuary Under June Freshwater Inflow 
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- Figure 9-29. Simulated Salinities in The Guadalupe 
Estuary Under July Freshwater Inflow 

Needs, Alternative I (ppt) 
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Figure 9-30. Simulated Salinities in The Guadalupe 
Estuary Under August Freshwater Inflow 

Needs Alternative I (ppt) 
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Figure 9-31_ Simulated Salinities in The Guadalupe 
Estuary Under September Freshwater Inflow 

Needs, Alternative I (ppt) 
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Figure 9-32_ Simulated Salinities in the Guadalupe 
Estuary Under October Freshwater Inflow 

Needs Alternative I (ppt) 
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Figure 9-33_ Simulated Salinities in The Guadalupe 
Estuary Under November Freshwater Inflow 

Needs, Alternative I (ppt) 
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Figure 9-34_ Simulated Salinities in the Guadalupe 
Estuary Under December Freshwater Inflow 

Needs, Alternative I (ppt) 



Antonio Bay are between 15 and 20 ppt, with Guadalupe Bay and Mission Lake 
concentrations of less than 10 parts per thousand. Salinities increased from 
San Antonio Bay into Espiritu Santo Bay where they ranged from 20 ppt at the 
western end of the bay to over 30 ppt at the extreme eastern end near Saluria 
Bayou having concentrations less than 10 ppt. Salinities increase from San 
Antonio Bay into Espiritu Santo Bay where they ranged from 20 ppt at the 
western end of the bay to over 30 ppt at the extreme eastern end near Saluria 
Bayou. 

(2) Simulated April, May, June, September and October Salinity Patterns. 

Simulated salinities throughout the Guadalupe estuarY showed definite similar­
ities for the months of April, May, June, September and October (Figures 9-26 
to 9-28, 9-31, and 9-32). In all of these months Mesquite Bay generally has 
simulated salinities above 25 ppt. Lower salinities occur in San Antonio Bay, 
with the lower half of the bay having concentrations of between 15 and 20 ppt, 
whereas the upper portion of the bay has salinities less than 15 ppt. The 
simulated salinity in Hynes Bay is between 10 and 15 ppt. The area in San 
Antonio Bay immediately adjacent to Guadalupe Bay has simulated salinities of 
less than 10 ppt, with the salinity in Guadalupe Bay and Mission Lake at less 
than 5 ppt. The simulated salinities in Espiritu Santo Bay vary from 15 to 20 
ppt in areas adjacent to San Antonio Bay to over 25 ppt at the flow exchange 
points with the Lavaca-Tres Palacios estuary. 

In all of the monthly simulations, the salinities in the. middle portion 
of San Antonio Bay were simulated at under 25 ppt, thus, further refinements 
of the estimated monthly freshwater inflow needs for the three alternatives 
were not considered necessary. 

Interpretation of the Physical Significance of the Estimated Freshwater Inflow 

The monthly-freshwater inflow estimated in this report for the Guadalupe 
estuary from the Guadalupe River Basin represents the best statistical esti­
mate of monthly inflows satisfying selected specified objectives for the major 
estuarine factors of marsh inundation, salinity distribution, and fisheries 
harvests. These estimates cover a range of potential factors and illustrate 
the complexity of the estuarine system. 

Freshwater inflows approximately equal to the estimated needs may give 
estuarine responses which are indistinguishable, on a statistical basis, from 
the desired conditions. Confidence limits can be obtained for changes in 
estuarine conditions, such as salinity, using statistical techniques. It is 
not clear, however, as to the proper technique for determining confidence 
bounds on the actual monthly inflow estimates for those months where the 
individual confidence limits on the inflow needs for salinity, harvest and 
inundation must be combined into a single confidence interval. 

A wide variability of freshwater inflow occurs in Texas estuaries from 
year-to-year, through drought and flood cycles. The monthly freshwater inflow 
levels received by the estuary fluctuate about the average inflow due to 
natural hydrologic variability. Such fluctuations are expected to continue to 
exist for practically any average level of inflow that might occur or that 
might be specified. It is not likely that sufficient control can be exerted 
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to oompletely regulate the inflow extremes. In fact, to 00 so may be detri­
mental to the process of natural selection. HCMever, some provision may be 
needed to prevent an increase in the frequency of periods of lCM flCM. Such a 
provision could specify minimum IrOnthly inflCMs required to keep salinities 
belCM the upper viability limits indicated for the key species of the estuary 
(Table 9-1). 

SlII1IlIary 

A methodology is presented which combines the analysis of the a:mponent 
physical, chemical and biological elements of the Guadalupe estuary into a 
sequence of steps which result in estimates of the freshwater inflCM needs for 
the estuary based upon specified salinity, marsh inundation and corrmercial bay 
fisheries harvest objectives. 

Monthly salinity limits are established at locations in the estuary belCM 
the "null zone" and near the inflCM point of the Guadalupe River Basin. These 
upper and lCMer limits on IrOnthly salinity provide a range within which viable 
metabolic activity can be maintained and normal historical salinity conditions 
can be observed. 

Marsh inundation needs for the flushing of nutrients from riverine 
marshes into the cpen bays are specified for the Guadalupe River delta. The 
delta is frequently submerged by floods from the San Antonio and Guadalupe 
Rivers. Based upon historical conditions and gaged inflCM records, freshwater 
inflCM needs for marsh inundation are specified at 125 thousand acre-feet in 
April, May, June, October and September. These volumes correspond to flood 
events with peak daily flCM rates of 12,500 ft3jsec. 

Estimates of the freshwater inflCM needs for the Guadalupe estuary are 
computed by representing the interactions aIrOng freshwater inflows, estuarine 
salinity, and fisheries harvests with an Estuarine Linear prograrrming Model. 
The model computes the IrOnthly freshwater inflCMs from the Guadalupe River 
Basin which best achieve a specified objective. 

The IrOnthly freshwater inflCM needs for the Guadalupe estuary were esti­
mated for each of the follCMing three alternatives. 

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

Alternative II (Maintenance of Fisheri~s Harvests): minimization of 
annual comb1!1ed inflow while providing· annual corrmercial bay har­
vests of red drum, seatrout, shrimp, and all shellfish at levels no 
less than their mean 1962 through 1976 annual values, satisfying 
marsh inundation needs; and meeting viability limits for salinity; 
and 

Alternative III (ShrifllP Harvest Enhancement): maximization of the total 
annual bay harvest of shrimp While observing salinity viability 
limits and marsh inundation needs, providing for a total shellfish 
harvest no less than the annual historical 1962 through 1976 average 
harvest, and utilizing an annual Guadalupe River inflow no greater 
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than the average historical inflow for the period 1941 through 
1976. ' 

Under Alternative I (Subsistence), the Guadalupe system, which has funC"'" 
tioned as toth a o:mrnercial shellfish and finfish producing system in the 
past, can oontinue to be an irrportant fisheries producing estuary with sub­
stantially less freshwater inflow, but at the expense of significantly reduced 
estimated fisheries harvests. Freshwater inflows totaling 1.6 million acre­
feet annually are predicted to satisfy the basic salinity gradient and marsh 
inundation needs, but with resulting decreases in annual oonrnercial bay 
finfish harvest of 43 percent and shellfish harvest of nine percent, from 
average annual values for the period 1962 through 1976. 

Under Alternative II (Maintenance of Fisheries Harvests), the predicted 
annual oorrrnercial harvests of red drum, spotted seatrout, shrimp, and total 
shellfish are required to be at least as great as 1962 through 1976 historical 
average levels, as well as to meet salinity tounds and inundation needs. To 
satisfy these criteria,· annual freshwater inflows of 2.02 million acre-feet 
are needed. 

Under Alternative III (Shrimp Harvest Enhancement), the Guadalupe estuary 
annually needs an estimated 2.26 million acre-feet distributed in a specified 
seasonal manner. The objective maximizes the total annual predicted 
corrnnercial bay harvest of shrimp, under the oonditions that the predicted 
total shellfish harvest is at least as great as the 1962 through 1976 
historical average while the average 1941 through 1976 annual inflow to the 
estuary is available. This objective is achieved with a 34 percent increase 
in total shrimp harvest, with an estimated loss of 54 percent in the total 
coomercial finfish harvest (including a 52 percent decline in the oorrrnercial 
harvest of red drum and a 66 percent decline in oonrnercial seatrout harvest). 

The numerical tidal hydrodynamic and salinity mass transport models were 
applied to the Guadalupe estuary to determine the effects of the estimated 
freshwater _ inflow needs for Alternative 111 upon the average monthly net 
flow circulation and salinity characteritistics of the estuarine system. The 
monthly simulations utilized typical tidal and meteorological oonditions 
observed historically for each month simulated. 

The net circulation patterns simulated by the tidal hydrodynamic model 
indicate that the dominate net circulation pattern in the Guadalupe estuary 
is a net movement of water from Mesquite Bay through San Antonio Bay and 
Espiritu Santo Bay into the Lavaca-Tres Palacios estuary. Simulated water 
movements in the upper and middle portions of San Antonio Bay were dominated 
by internal currents induced by freshwater inflows from the Guadalupe River. 
Simulated flows in Espiritu Santo Bay are governed by a major internal 
circulation current which moves with a clockwise rotation. 

The simulated salinities in the Guadalupe estuary for the Alternative I 
monthly freshwater inflow needs vary over a wide range monthly. Salinities 
throughout the estuary are generally lowest in the month of June, with average 
simulated salinities of less than 25 parts per thousand (ppt) over the entire 
estuary. The highest levels of simulated salinities occur during the month of 

VThe alternative having the lowest inflow level and thus the alternative 
- that would impinge most heavily upon maximum salinity tounds. 
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August, when salinities in Mesquite Bay near Cedar Bayou exceed 30 ppt. The 
simulated salinities in upper San Antonio Bay are generally less than 15 ppt 
throughout the year. The major portion of San Antonio Bay has simulated 
salinities 00 greater than 20 to 25 ppt; hCMever, during the high freshwater 
inflCM months of May and June, the salinities in the bay are between.10 and 20 
ppt. Since the middle portion of San Antonio Bay has simulated salinities in 
all llOnths below the target maximum allowable roncentration of 25 ppt, the 
freshwater inflow needs established ~ the Estuarine Linear Programming Model 
are adequate to sustain desired salinity gradients throughout the estuary. 

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

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