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ABSTRAcr 

The Texas Department of Water Resources was directed by Senate Bill 137, 

64th Texas Legislature, to conduct canprehensive studies of the effects of 

freshwater inflow u!X)n the bays and estuaries of Texas and to estimate the 

inflows needed to maintain a suitable ecological environment. '!his report 

describes the findings of studies on the relationships between freshwater 

inflow, salinity, and biological activity in the seven largest estuaries on 

the Texas coast. A method is described for relating the impact of freshwater 

inflows to estuarine conditions by the use of three key indicators: inundation 

frequency of riverine deltaic marsh canplexes, mean monthly salinity, and 

annual cammercial fisheries harvests. Using this methodology, estimates are 

given for the monthly and seasonal freshwater inflows needed to meet three 

alternative estuarine objectives: ecosystem sLDsistence, fisheries harvest 

maintenance, and fisheries harvest enhancement. Alternative means of provid

ing freshwater inflows to the bays and estuaries are discussed. 
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SUMMARY 

The coastal region of Texas Is a 

valuable and diverse natural resource, 

having seven major and several smaller 

estuarine systems spread along approximate

ly 370 linear miles (595 km) of Texas 

coastline. Freshwater Inflow of sufficient 

quantity and quality Is an Important factor 

I n marsh and bay productlvltles, and 
further, contributes to the near-shore pro

ductivity of the Gulf of Mexico. Fresh

water Inflows dilute t~e saline tidal 
waters and transport nutritive and sedi

mentary materials that maintain marsh 

environments and promote estuarine product

Ivity. 

In the past, Texas water planning 
efforts have been hindered by the lack of a 

comprehens Ive data base and a rei I ab Ie set 

of techn Iques and crl terl a for measur I ng 
the response of estuarine ecosystems to the 

timing and volumes of freshwater Inflows. 

This was particularly significant during 
the deve lopment of the 1968 Texas Water 

Plan and In more recent water planning 

work. A I though severa I II m I ted programs 

were underway In 1968, these were largely 

I ndependent of each other and none of the 

programs were tru I y comprehens Ive. There
fore, a program was Initiated by the Texas 
Water Development Board and Is carried on 

by Its successor agency, the Texas Depart
ment of Water Resources, to collect the 

data considered essential for analyses of 

the physical and water quality character
I st I cs and ecosystems of Texas' bays and 

estuaries. 

In 1975, the 64th Texas Legislature 

enacted Senate BII I 137, a mandate for 

"comprehens I ve stud I es of the ef fects of 
freshwater Inf low upon the bays and 

estuaries of Texas." Reports published as 

a part of the ef fort were to address the 
relationship of freshwater Inflow to the 

health of living estuarine resources 

(e.g., fish, shrimp, etc.) and to present 

methods of providing and maintaining a 
suitable ecological environment. 

This report summarizes the findings of 

six reports on seven Individual Texas bays 

and estuarl.es, Including (I) the Sabine
Neches estuary, (2) the Trinity-San Jacinto 

estuary, (3) the Lavaca-Tres Palacios 
estuary (4) the Guadalupe estuary, (5) the 

Mission-Aransas estuary, (6) the Nueces 
estuary, and (7) the Laguna Madre estuary. 

These studies were done to fulfill the 

mandate of Senate BII I 137. 

The objectives of these technical 
analyses were to describe and quantify the 

freshwater Inflow/salinity/biological re

lationships of the estuarine environments 
and to estimate the annual and seasonal 
freshwater Inflows associated with the 

production of finfish and shellfish at 

observed historic levels. Program studies 
draw from al I available sources of Informa

tion and consider the effects of freshwater 
Inf lows on nutrient supplies, habitat 
maintenance, and production of fishery 

resources (Including economic aspects). 

The econanlc outlook for the coastal 

areas adjacent to the seven estuarl ne 

systems analyzed Is comparatively bright 

due to the growth potential of energy, 
petrochemical and related Industries, and 

a broad base of manufacturing and service 
I ndustr I es. The manu factur I ng base of the 

regions Is projected to continue to broad
en. Th Is expans Ion Is estimated to result 
In Increased employment and earnings In the 

trade and serv I ce sectors. The econom I c 
base of the coastal area also contains 

large scale energy, agricultural, agribusi

ness, and commercial fishing operations. 

Analyses have been performed to 

compute estimates of the quantities of 
sport and commercl a I fish I ng and the 
econom I c Impacts of these fisher I es upon 

the state and loea I econom I es. The sport 

fishing estimates are based on data 

obta I ned by the Texas Parks and WII d II fe 
Department and the Texas Department of 

Water Resources. The commercial fishing 
est Imates are based on data from U. S. 

Department of Commerce statistical series 

about the Industry. 

According to a study conducted In 

1976-1977, direct annual expenditures for 
sport fishing Is about $42.6 million. 



Commercial fishery dockside landings are 

va I ued at $133.6 mil" on annua" y. The 

combined commercial and sport fishing 
activities produce over $553 mil lion In 

direct and I nd I rect gros s bus I ness and over 
$153 ml II Ion In annual personal Income In 
Texas. These values do not account for non

f Ish I ng related benef I ts to the recreation 

and tourism Industry, as wei I as the general 

public, associated with the maintenance of 

"healthy" estuarine conditions. Comprehen
s I ve econom I c eva I uat Ions of es tuar I es have 
not been entirely successful since a large 

portion of an estuary's value may be related 
to natural functions and public benefits 

having little or no market value. 

Many complicated Interactions govern 

the bl 0 log I ca I product Iv I ty of Texas bays 
and estuaries other than the quantity of 

freshwater Inf lows. In order to estimate 
the Influence of freshwater Inflows on 

estuar I ne ecosystems, some assumpt Ions must 

be made. A main premise underlying the 

assumptions of these studies Is that the 
relationships and Interactions between 
freshwater Inflows and estuarine produc

tivity can be Indirectly examined through 

analysis of "key" Indicators. One "key" 
I nd I cator, the freq uency of marsh I nunda

tlon, Is based on the recognition that 
coastal marsh areas associated with r'lver 
deltas are Inundated by periodic overbank

I ng of river flows and that th Is flood I ng 

contr I butes bas Ic nutr I ents to the estuary, 

with movement of these nutrients accom

pi Ished through the flooding process. In 

addition, marsh flooding contributes to the 

ma I ntenance of "nursery" hab I tats for young 
growing organisms such as Juvenl Ie fish and 

shrimp. Salinity In estuarine water Is a 
second significant Indicator since Important 

commercial estuarine- dependent organisms 

are critically dependent upon monthly 
salinity levels for viable growth and repro

duction. The third "key" Indicator utilized 

In analyzing freshwater Inflow needs Is the 

historical commercial fishery harvests. 
Annual harvest statistics coupled with 

assoc I ated season a I freshwater I nf lows over 
the 1962 through 1976 per I od prov I de the 

best available data with which to estimate 

2, 

relationships between the timing and quanti

ties of freshwater Inf lows and" associ ated 
fishery harvest yields. 

Sources of freshwater Inflow to Texas 
estuaries are: (I) gaged Inflow (as meas-

ured at the most downstream flow 

gageli of each river system and 

Includes wastewater discharges or return 

flows, reservoir spl lis and releases, and 
unregulated runoff), (2) ungaged runoff, and 
(3) direct precipitation on the estuary's 

surface. The measurement of each of these 

sources of freshwater Inflow Is necessary to 

develop analytical relationships between 

freshwater Inflow and resulting changes In 
the estuarl ne env Ironment. Gaged I nf lows 
are the most read IIy ava liable and accurate 

I nf low da ta since a number of ap propr I ate 
located stations record dally streamflows; 
however, gaged records do require adjustment 

to ref lect divers Ions and return flows 

downstream of streamgage locations. 

Computations of un gaged Inflow were 

made us I ng so I I mo I sture data and runoff 

coefficients developed from field surveys. 

Direct preCipitation on an estuary Is 

assumed to be an average of the da I I Y pre
c I p I tat Ion recorded at weather stat Ions In 

the coastal regions adjacent to each bay. 

In this report, estimates of fresh

water Inflows needed for selected major 

estuarine systems are based on the quantity 

of river Inflows from the major river basin 

dra I nage areas measured by streamgages 

necessary to: (I) Inundate riverine 

deltaic marsh complexes; (2) provide desir

able salinity gradients In primary 
estuarine habitat regions; and (3) maintain 
or enhance fishery harvests above the mean 

1962 through 1976 harvest levels. The 

"gaged" estimates are In addition to fresh

water Inflows from ungaged areas within the 

major river basins and the coastal basins. 

1/ Due to tlda I Inf luences, the most down
stream streamgage Is not located at the 

mouth of the river, and thus does not 
measure al I of a river bas In's flow 

contribution to an estuary. 



The est Imates of estuar ine freshwater 

i nf I ow needs are expressed In terms of the 

annual volume of water passing the most 

downstream river gag Ing stat Ion and repre

sent the est Imated vo I urnes needed to 
satisfy the three alternative estuarine 
objectives described in the following 

paragraphs. Ungaged Inf lows from the 

coastal basins to the estuaries are largely 
unregulated and are assumed, for total 

Inflow accounting, to be at their computed 

historical average monthly rates for the 
1941-1976 per lod. The un gaged inf I ow 

contr I but Ions from the maj or river ba sins 
are estimated based upon statistical 
relationships derived from recorded data 

which relate monthly total basin Inflow to 

the gaged basin inflow component of total 

I nf low. The three a I ternat Ives were 
selected to demonstrate the methodology 

developed in this study and to illustrate a 

wide range of possible desired estuarine 

cond It ions under the assumpt ion that the 

profltabil ity of fishing remains relatively 

stable in relation to each alternative con

s idered here. The a I ternat Ives se I ected 
are not the only ones possible, but reflect 

logical goal s for the management of 

estuarine ecology. 

The Subsistence Alternative (Alterna

tive I) considers the marsh inundation and 

sal in Ity characteristics of an estuary and 
establishes minimum monthly inflows for the 

bas ic purposes of nutr lent transport, 
habitat maintenance, and sal inity control. 

The annua I freshwater inf low need for 
the Fisher ies Harvest Ma intenance Alterna
tive (Alternative II) is the least annual 

inflow, distributed appropriately on a 

monthly and seasonal basis, such that this 

level of Inflow satisfies the Subsistence 
Alternative and also provides sufficient 

freshwater to support annual commercial 
harvests, for each of the major fisher les 

harvest components In each respect ive 

estuary, at no less than average annua I 
I eve I s over the per iod 1962 through 
1976 -- a period for which reliable and 

comprehensive fisheries data are available. 

3 

A third Alternative, termed Fisheries 

Harvest Enhancement (Alternative I I I), was 
cons Idered in order to prov Ide est Imates of 

monthl y and seasonal freshwater Inf lows 

needed to sat is fy the Subs I stence A I tern a

t ive and to Increase, to the max imum extent 
possible, the harvest of a specific 

commercial fisheries harvest component (which 

differs with the estuary cons idered), where 
the total annual freshwater Inflow Is 

constrained in the analysis at a level not to 

exceed the mean annua I hi stor ic Inf I ow over 
the per lod 1941 through 1976. 

The estimated annual gaged freshwater 

i nf I ow needed, I n ad d I t Ion to the ungaged 

Inflow, for the Sabine-Neches and Trlnity
San Jac Into estuar les under the three 
A I tern at ivesl-l stated above are less 

than the historical (1941-1976) mean annual 

gaged inflow to these estuaries (Figure I). 

The gaged Inf I ow needs for the estuar les 

along the dr ler central and southern 

port Ion of the Texas Gu I f coast (the 

Lavaca-Tres Palacios, Guadalupe, Mission

Aransas, Nueces, and Laguna Madre 
estuaries) are lower than or equal to the 

1941-1976 per iod average annua I inf I ow for 

Alternatives I I and I I I (Figure I). 

Excluding the Sabine-Neches estuary, the 

estimated total annual gaged inflow needs 

are approximately 7.6,9.1, and 9.3 million 
acre-feet (9.4, 11.2, and 11.5 bill Ion m3) 
for Alternat Ives I, I I, and I II, re-

-'I I nf I ow est Imates for the Sab I ne-Neches 
estuary were not der ived for the Ma In
tenance and Enhancement Alternatives 
since the rei at lonsh Ips between recorded 

Inf lows and fisher i es harvests coo I d not 
be ut i I Ized with va I id Ity over a range of 

Inflows consistent with the Subsistence 

Alternat Ive constra Ints. Such fisher I es 
harvest est imates were req u i red In order 
to determ Ine Inf I ow needs for 

Alternatives I I and I II. 
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spectlvely~ The Inflow need of the 

Sabine-Neches estuary for the Subsistence 

Alternative amounts to approximately 5.7 

million acre-feet (7.0 billion m3) 
annually. The average 1941-1976 annual 

recorded gaged Inflow to the seven estuaries 
was about 22.3 mil lion acre-feet (27.5 
b I I lion m3). 

The estimated combined annual commercial 

finfish and shellfish harvests under the 

three Alternative freshwater Inflow 
needs2i generally exceed the average 

recorded harvests for the 1962 through 1976 

period (Figure 2). These estimated harvests 
Indicate that fisheries and fishery harvests 

may potent I a I I Y be Improved with the proper 

seasonal distribution of available 

freshwater Inflows. 

Y Tota I annua I va I ue of commerc I a I f I sh
eries, as measured at the landing site 

In 1976, Is reported at $136.5 mil lion. 
Sport fishing expenditures In the 1975 

through 1977 period were estimated at 

$42.6 million annually. Total value of 

Irrigated crops produced In Texas, as 
measured at the farm market po I nt, was 
reported at $1.655 billion In 1976. It 

I s estimated that Irrigated agrlcu Iture 

used 13.0 million acre-feet of water In 
1976. 

Y The fisheries harvest for the Trlnlty
San Jacinto estuary Includes the shrimp 
harvest In the adjacent offshore Gulf 
fishing area from Sabine Pass to near 

Freeport and 100 mil es offshore (Gu I f 
Area No. 18) , wh I ch averages about 10 

million pounds (4.5 mil lion kg) for the 

1959 through 1976 period. The Laguna 

Madre fisheries harvest Includes the 

1959-1976 average shrimp harvest of 8.4 
million pounds 0.8 million kg) from the 
adjacent Gu I f Area No. 21 offshore of 

Padre Island. Commercial fishery har-
vests under the three Alternatives for 
the Sabl ne-Neches estuary cou I d not be 

estimated with validity because the Sub,:, 

slstence Alternative monthly Inflow 

reg I me de term I ned by the des I red es tua
rlne salinity conditions was not entire
I y with I n the range of observed I nf lows 

over the 1962 through 1976 period for 

which Inflow-commercial harvests 
relationships were derived. 
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Comparison of the annual freshwater 

I nf low needs and the assoc I ated pred I cted 

commercial fishery harvests for the Lavaca

Tres Palacios estuary Indicates that nearly 

equal volumes of freshwater may result In 

sign I f Icantl y dl fferent harvests. Th Is 
condition reflects the Importance to fish
eries productivity of the seasonal timing 

of estuarine Inflows. Generally, It was 
observed that spr I ng I nf lows (Apr II through 

June) were the most beneficial for fisheries 

productivity. 

Relationships were also derived relat
Ing historical (1959-1976) Texas Gulf 

shr Imp harves ts to the tota I comb I ned 

seasonal Inflows of five major estuaries. 

The Sabine-Neches estuarine Inflows were 

omitted to eliminate possible unknown 

I nf I uences from Lou I s I ana. The I nf lows to 
the Laguna Madre were also not cons Idered 

due to Incomplete monthly Inflow data. The 

shrimp harvest-Inflow relationships Indicate 

a strong Inf luence on Texas offshore shrimp 

harvests by Texas estuarine Inflows, 
particularly spring season Inflows. 

Texas estuarine systems are dynamic 
and have historically received a wide range 

of freshwater Inf lows from drought to wet 

or hurricane years. In fact, It Is general
ly believed that a constant rate of fresh

water I nf lows wou I d be detr Imenta I to the 

estuarine organisms which have adapted to 
the preva III ng dynamic annual and seasonal 

cycles. For this reason, the estimates of 
freshwater Inflow needs should be regarded 
as statistical long-term central tendencies 

(such as the average) of I nf lows needed to 

sustain the estuarine systems. Major 
events, such as hurricanes and uncontrolled 

floods, will continue to provide freshwater 
I nf lows that may greatl y exceed the est 1-
mated needs. 

Freshwater I nf lows needed to ma I nta I n 
an estuarine ecosystem can be provided from 

a combination of unregulated and regulated 
sources. I n these ana lyses, I t has been 

assumed for computation purposes that the 
estuarine Inflow from local uncontrolled 

drainages In adjacent coastal basins will 

continue In the future at historical levels. 

Inflows from the major contributing river 
bas Ins, however, will In many cases be 



2~~------------~------------~----------~------------~------------~-------------r2~ 

3 

~ ALTERNATIVE I (SUBSISTENCE) 

• ALTERNATIVE 11 (MAINTENANCE) 

~ ALTERNATIVE III (ENHANCEMENT) 

AVG = HISTORICAL (1964!-1976) MEAN HARVEST 

• Trinity-San Jacinto estuary fishery harvests include offshore annual 
shrimp harvests in Gulf Fishing Area No. 18 of 11 million pounds for 
predicted and 10 million pounds for mean historical values. 

•• Laguna Madre estuary fishery harvests include offshore annual shrimp 
harvests in Gulf Fishing Area No. 21 of 7.3, 8.4, and 9.9 million pounds for 
predicted and 8.4 million pounds for mean historical values. 
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subject to significant alteration due to 

man's activities. Continued provision of 
freshwater Inf low from the upstream river 

basin Is subject to decisions based on 

institutional systems designed to manage 

the State's waters to the benefit of al I of 
the citizens of the State. 

In addition to freshwater entering an 

estuary in the needed vo I ume and at the 

appropriate time, it Is also necessary that 
the inflows be relatively free of toxic 
pollutants and contain sufficient nutrient 

mater I a I s to insure cont I nued reproduct Ion 
and growth of estuarine organisms. 
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INTRODUCTION 

Background 

In 1975, the 64th Texas LeC' Is' ature 
enacted Senate B i: I 137 (Append Ix 1), a 

mandate for canprenens Ive stud ies of "the 
effects of freshwater Inf I ow upon the bays 

and estuaries of Texas." These studies 

were to address the relationsh ip of fresh

water inflow to the living estuarine re
sources (e. g., fish, shr Imp, etc.) and to 
present methods of providing and main

taining a suitable ecological environment. 

This report presents the major findings and 
results of studies that have been conducted 

for seven major Texas bays and estuar ies, 
including (1) the Sabine-Neches, (2) the 
Tr in Ity-San Jac Into, (3) the Lavaca-Tres 

Palacios, (4) the Guadalupe, (5) the 

M Iss ion-Aransas (6) the Nueces, and (7) 

the Laguna Madre estuar les (F Igure 3). In 

the analyses of each estuarine system, 

physical, chemical, and biological factors 

are conceptually and empirically related. 

Many estuarine needs are directly related 
to freshwater Inflow and associated quality 
constituents. In some cases, these needs 

may be exceeded in importance on I y by the 

availability of nutrients and the habitat 
conditions In the ecosystem. 

Establ ished publ ic pol Icy stated In 
the Texas Water Code (Section 1.003 as 

amended, Acts 1975) prov Ides for the 

conservation and development of the State's 

natural resources, including "the mainten

a nce of a proper eco I og ica I env I ronment of 

the bays and estuar ies of Texas and the 
health of I Iv ing mar Ine resources." Both 

Senate Concurrent Resolution 101 (63rd 
Leg Islature, 1973) and Senate Resolut ion 
267 (64th Leg Islature, 1975) declare that 

"a suff ic lent Inf low of freshwater Is 
necessary to protect and ma inta In the 
ecological health of Texas estuaries and 

related I ivlng marine resources." 

The development of the Texas Water 

Plan, adopted In 1969, pointed to the acute 

need for a canprehens Ive data base and a 
rei lable set of techniques and criteria for 

measur ing the response of estuar Ine ece-

9 

systems to vary Ing amounts and reg Imes of 

freshwater Inf lows In order to understand 

th is very canplex "real worl d" problem. 

A I though severa I I 1m Ited programs were 

underway In 1968, these were I a rge I y 

independent of one another and none of the 
programs were truly canprehensive. 

A program was therefore In It iated by 
the Department, in cooperation with the 

Texas Parks and W I I d I I fe Department, 

General Land Off Ice and other agencies, to 
collect the data cons Idered essent lal for 
anal yses of the phys ica I and water qua I Ity 

characteristics and ecosystems of Texas' 

bays and estuaries. To begin this program, 
the Department consulted with the U.S. 

Geological Survey, the official hydrologic 
data collect Ion agency of the Federal 
government, and in it I a ted a reconna Is

sance-I eve I Invest Igat Ion program in 
September 1967. Specifically, the initial 

object ives of the program were to def ine: 

(1) the occurrence, source and distribution 

of nutr lents; (2) current flow patterns, 

direct ions, and rates of water movement; 

(3) physical, organic and inorganiC water 
quality characteristics; and (4) the 

occurrence, quantity, and dispersion 

patterns of water (fresh and Gulf) entering 

the estuar ine system. Through th Is 
cooperative program with the U.S. 

Geolog Ical Survey, the Department is now 

collect ing water qua I Ity and water 

circulation data in all estuarine systems 

of the Texas Coast. 

Definttlon of an Estuary 

The def In Ition of an estuar Ine system 
has rece ived cons Iderab Ie attent ion in 
recent years. One of the more useful 

def in itlons Is that of "a sem I-enclosed 
coastal body of water wh Ich has a free 

connect Ion with the open sea and with In 
wh ich seawater Is measurab Iy d I I uted with 

freshwater der Ived fran land dra inage" 

(Or. Donald Pritchard, Johns Hopkins 

University). This definition describes six 
of Texas' seven major estuar ine systems. 

The rema In ing estuary, Laguna Madre, is 
also referred to as a lagoon, since its 

connect Ion with the sea is not "free" and 

seawater may be concentrated to hypersaline 
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cond It Ions rather than d II uted to brack Ish 
saline conditions by significant freshwater 
i nf low. 

Objectives 

The purpose of the ana I yses reported 

upon herein is to describe and measure, In 

so far as possible, the freshwater Inflow/ 

sal inlty/biological relationships of the 

Texas estuar Ine env Ironments. Resu Its from 

all known studies plus field data collected 

specifically during the course of these 

stud ies have been used for the purpose of 

bringing together knowledge about the 

effects of freshwater inflows on nutrient 

exchange, habitat maintenance, and fish

eries production, including the economic 

aspects. The Department and consu Itants 

through Interagency and consu Itant con-

tracts and cooperat ive stud ies with other 
State, federal, and local agencies, part i

cularly the Texas Parks and Wildlife De

partment, Genera I Land Off ice and Texas 

University developed a number of analytical 

techniques to quantitatively express: 

I. inundation/dewatering processes 
of river delta marshes; 

2. cycl ing and eXChange of 
nutr ients; 

3. water movement and salin Ity 
patterns I n the open bay 
systems; and 

4. production of fisheries. 

These analytical techniques were utilized 

to ident ify and quant ify, insofar as 

possible, the relationships among the phy

sical, hydrologic, chemical, and biological 

parameters which govern the productivity 

within these systems. Using data about 

each system, estimates have been made of 

the quant it les of freshwater needed on a 

monthly bas is for marsh inundat ion and 

nutrient transport, for proper salinity 
levels, and to support various levels of 
fisheries harvests. 

Importance of Freshwater Inflows 

Generally, Texas estuarine systems can 

withstand intensive use without appreciable 

deterioration; however, they are not all 

equa I Iy su ited for a I I uses. A Iterat ion of 

11 

crucial ecosystem areas, such 
marshes and submerged seagrass 

potent ial Iy destruct Ive and may 

as the 
beds, is 

Impact not 
only these areas, but the entire ecosys

tem's energy flow, food chain, and living 

resource organism production as well. 

Freshwater inflow of sufficient quantity 

and quality Is an Important factor In marsh 

and bay product ivitles, and further, con

tr Ibutes to the near-shore product iv Ity of 

the Gulf of Mexico. Freshwater inflows to 

Texas estuaries are principally rainfa"

runoff from neighboring coastal areas and 

the f I ow of rivers and streams that empty 

into the estuaries. Freshwater Inf lows 

d i I ute the sa line t Ida I waters and trans

port nutritive and sedimentary materials 

that promote product iv Ity and rna Inta In 

marsh env ironments. Seasonal Inundat ion of 

the marshes and periodic flushing of the 

estuaries by freshwater Inflows are crucial 
for these coastal systems. Periodic flush

ing removes po I lutants, removes or 11m its 

some paras Ites, bacteria, and viruses harm

ful to the estuarine ecosystem, and In

creases the exchange of water, sed Iments, 

and biota with the near-shore Gulf environ
ments. 

These multiple and only partially 

understood relat ionsh Ips make It dlff icu It 

to preCisely determine the freshwater in

f low needs of each Texas estuarine system, 

yet such determ inat ions are necessary to 

balance competition between benef Icial In

land and coastal uses of Texas' freshwater 
resources, and to avoid long-term degrada

tion of valuable fisheries resources. 

Concurrent with the biological and 

hydrological studies of the six estuarine 

systems named earl ier, data were collected 

and analyzed and estimates were made of 

the quantities of sport and commercial 

fish ing and the econan Ic Impact of these 

fisheries upon the local and state eco

nomies. In addition, the economic Impacts 

of sport and commercial fishing In the 

Laguna Madre estuary were est imated in 

order to develop a more thorough picture of 

the sign If icance of these econom Ic 

act Iv It les to the ent ire Texas Gu I f Coast. 

The sport fish ing est Imates are based upon 

data obtained through surveys of a sample 

of fishing parties, conducted in co-



operation with the Texas Parks and Wildlife 
Department. The canmercial fishing esti
mates are based on data fran publ ished 
statistical series about the Industry. 
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DESCRIPTION OF THE COASTAL ZONE 

Physical Description 

The Texas Coastal Zone borders the 

northwestern Gulf of Mexico (Figure 3). It 

forms a low-lying land mass which slopes 

gently toward the sea and Is a landward 

ext ens Ion of the sha I low cont I nenta I she If 

wh I ch extends sixty mil es or more I nto the 

Gulf of Mexico. The shore Is characterized 

by shallow bays and lagoons behind barrier 

Islands which front on the open sea. 

Extensive wetlands are Interspersed among 

these bays and lagoons. 

The coast extends genera Ily northeast 

to southwest. The northeastern one-th I rd 

Is a forested area of high rainfall and 

high humidity. The southwestern one-third 

Is semi-arid brush country, where rainfall 

and humidity are low. 

Throughout the year the prevailing 

winds are from the south, especially during 

the hot summer months. Exceptions to this 
pattern, during which winds blowout of the 

north or northwest, occur mostly during the 

winters which are usually mild. 

The dom I nant forces wh I ch shape the 

coast are the prevailing Gulf currents, 

which continually reshape the Gulf-ward 

shore of the mainland and the barrier Is

lands; the rivers, which bring sediment and 

nutrients Into the estuaries; and hurri

canes and tropical storms which periodical

ly disrupt the on-going processes and chao

t I ca I I y re-d I str I bute the sed I ment. The 

astronomical tides, because of their narrow 

range (a few Inches In the bays to a maxi

mum of about two feet a long the seawa rd 

shores), are a m I nor factor In shap I ng the 

coastline. 

With respect to structure, a simple 
classification of the bays In Texas es

tuarine systems can be made by placing them 

Into Primary, Secondary, and Tertiary bay 

categories (Figure 4). Gulf water passing 
through a tidal Inlet mixes with estuarine 

water In the primary bay area. In Texas, 

the primary bay Is often referred to as the 

"center" bay of each estuary (e.g., Galves-
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ton, Matagorda, San Antonio, and Corpus 

Christi Bays) and Is usually of moderate 

(17 parts per thousand (ppt» to high (35 

ppt) salinity. A secondary bay Is generally 

a semi-enclosed bay of brackish (9 ppt) to 

moderate sa II n I ty that contr I butes to and 

exchanges directly with the primary bay. A 

tert I ary bay area may be cons I dered as a 

semi-enclosed bay which contributes to and 

exchanges with a secondary bay, or as a lake 

or serl es 

estuarl ne 

Proximity 

of lakes In the headwaters of an 

system above a secondary bay. 

of tert I ary bay areas to runof f 

and freshwater Inf low from the contributing 

drainage basins normally results In fresh to 

brackish salinity. 

Soclo-Economlc Description 

The coastal area, consisting of the 

area from the Texas Gu If coastll ne to fifty 

miles Inland, comprises about one-twentieth 

of the State's total area; and about one

fourth of the State's population. The eco

nomic significance of the resources asso

ciated with the major estuarine systems Is 

ref I ected I n the direct and I nd I rect II nk

ages of bay-supported resources to the 

local area economies. Trends In population 

and emp loyment are presented for each of 
s Ix study areas: ( I) Sab I ne-Nech es, (2) 

Trinity-San Jacinto (3) Lavaca-Tres 

Palacios, (4) Guadalupe, (5) Nueces-

Mission-Aransas, and (6) Laguna Madre. The 

Nueces and Mission-Aransas estuaries were 

grou ped I nto a sing I e area for soc I o-eco

nomic analysiS since the two estuaries act 

physically more as a single estuarine sys

tem and share a common outl et to the Gu If 

of Mex I co -- Aransas Pass. The I nd I v I dua I 

areas cons I st of the fo I low I ng count I es: 

Orange and Jefferson (Sabl ne-Neches); Bra

zorl a, Chambers, Ga I veston, and Harris 

(Tr I n I ty-San Jac Into); Ca I houn, Jackson, 

Matagorda, and Victoria (Lavaca-Tres 

Palacios); Refugio, Aransas, Calhoun, and 

Victoria (Guadalupe); Aransas, Nueces, San 

Patricio, and Refugio (Nueces and Mlsslon

Aransas); and Kleberg, Kenedy, Willacy, and 

Cameron (Laguna Madre). 

Population 

In 1975, the population of the coastal 

area was 3,253,200. The Tr I n I ty-San 
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Jacinto study area, which Includes Bra
zoria, Chambers, Galveston and Harris 

Count I es, accounted for 70 percent of the 
total. Forecasts for the period 1975 to 

2030 I nd I cate that the aggregate popu I at I on 

of the coastal area can be expected to In
crease 1.8 percent per annum to the year 

2030 (Appendix V). The Trinity-San Jacinto 

region Is projected to remain the most 

populated, growing to 76 percent of the 

total population In 2030. The Laguna Madre 
region has the highest proJected growth 

rate, 2.0 percent per annum from 1970 to 

2030. The Trinity-San Jacinto, Guadalupe, 
N ueces-M i ss lon-Aransas, Lavaca-Tres Pa I a
clos and Sabine-Neches estuary areas' are 

expected to gain population at average 

annual rates of 1.9, 1.5, 1.4, 1.2 and 0.7 
percent, respectively, over the same time 
period. 

The population of the coastal area 

experienced collectively an annual growth 
of 1.9 percent between 1970 and 1975, which 

I s above the statew I de figure of 1.7 per-

cent for the same period. 
Laguna Madre portion and 

Jacinto portion of the 

However, on I y 
the Trinity-San 

six regions had 

annual growth rates (2.9 and 2.3 percent, 
respectively) higher than the statewide 
average. The Guadalupe, Nueces-Mlsslon
Aransas, Lavaca-Tres Palacios and Sabine

Neches study areas grew at more modest 
annual rates of 1.1,0.9,0.8 and 0.2 per

cent, respectively. 

Employment 

In 1970, an estimated 1,131,405 per

sons were employed In the six study areas, 

and over 73 percent of these worked I n the 
Trinity-San Jacinto region. In two other 
regions, Sabine-Neches and Nueces-Mlsslon

Aransas, employment exceeded 100 thousand, 

and In the Laguna Madre, Lavaca-Tres 
Palacios, and Guadalupe study areas employ

ment levels were between 30 and 55 thousand. 

Seventy-seven percent of the reg I on's 

emp loyed I a bor force Is dis tr I bu ted among 
eight major Industrial sectors (Appendix 

V) • Workers emp loyed by who I esa I e and re

ta i I trade estab Ii shments, the largest em

ployment sector, account for more than 22 

percent of the regions' labor force. Manu-
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facturlng Is also a major employer In the 
study areas, accounting for 226 thousand 

workers and 20 percent of the labor force. 

Industry 

The "basic" industries In the areas 

are manufactur lng, agr Icu Iture-f Isherl es, 
and mining. These sectors account for 25 

percent of al I employment In the study 

areas. In addition to the basic sectors are 
the serv I ce sectors: who lesa I e and reta I I 

trade, and professional service sectors 
provide goods and services to the basic 

Industries as well as to the general public 
and are, In varying degrees, dependent upon 
them. 

The most significant basic sector, In 
terms of total earnings as well as employ
ment, is manufacturing (Appendix V). The 
major portion of manufacturing activity Is 

centered in the Trinity-San Jacinto and 

Sab I ne-Neches areas and I s concentrated In 
the product Ion of ch em I ca Is, petroch em

I ca Is, petro leum ref I n I ng, mach I nery, 

equipment, and primary metals. 

The ports and harbors a long the Texas 
Gulf Coast from the Sabine River 'to 'the 
Port of Brownsvl I Ie are Important factors 

in the coastal and statewide economies. 

Annually, more than 200 mil lion In the 

coastal and statewide short-tons of commerce 

are handled by Texas ports. Principal 

foreign Imports received through these ports 

are crude petroleum, chemicals, and Iron ore 

with agricultural commodities such as wheat, 
rice, corn, and cotton as we I I as petro
chemicals comprising the major export 

products. 

In addition to providing transporta

t Ion Ii nkages between wor I d markets, these 

maritime harbors havEI access to other Texas 
ports as well as ports on the Miss Iss Ippl 
River via the I ntracoastal Canal. The por

tion of the Intrac()astal Canal extending 

from the Sabl ne River to the Port of 
Brownsvl lie provides waterborne transporta
t i on for more than 62 m I I I Ion short-tons of 

commence annually. 

The significance of these Texas ports 

has played a major role In the economic 



development of regional economies. In add

Ition to provid ing basic low cost transpor

tation for raw materials and finished 

products, these ports are also an Important 

source of direct and Ind I rect emp I oyment 

for the coastal economies. 

The mineral wealth of the coastal area 
is also a key factor in the diversity and 
strength of these reg lonal econom ies. In 

1976, these estuar ine study areas produced 

over $3.2 bll I Ion of petroleum, natural gas 

and natural gas I iquids, stone, clay, sand 

and gravel, salt, cement, lime, magnesium 
and sulphur. These minerai products supply 

raw materials for the petroleum refining 

and petrochem ical industr les and other 

manufacturers, as well as inputs for the 
construction sector of the area economies. 

Agriculture 

I ion 

1977. 

The coastal area had almost $430 m 11-

in rece ipts from crop product ion in 

Major reg lonal crops are gra in sor-

ghum, rice, soybeans, cotton, citrus and 

corn. Livestock and I ivestock product re
ceipts in 1977 were over $118 mil I Ion, for 

a total regional agricultural 
over $548 mil I ion that year. 

Economic Importance of the 
Commercial Fisheries 

output of 

Sport and 

It is estimated that 1.123 million 

fishing parties visite::! the seven estuaries 

annually during the 1976-1977 study period 

(Appendix V). From this quantity of sport 

fish Ing v is itat Ion, expend itures for 

travel, food, lodging, bait and other items 

by sport fish ing part ies were est imate::! at 
$42.6 mil I ion (Append ix V). Annua I bus i

ness activity resulting from sport and com

mercial fishing was estimate::! as follows: 

I. Annual expend itures for sport 

fishing were $42.62 million of 
wh ich over 89 percent accrued to 

the local area econom ies. Com
mercial fishing was valued at 

$133.6 million annually. 

2. The annua I statew ide impact from 

sport f' ish ing in the seven major 

estuar ine estuary systems was 
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estimate::! at $137.6 mill ion (1976 

dollars). 
3. The proport Ion of gl"OSS bus Iness 

Impact that occurre::! with In the 

I oca I reg Ions was 57 percent, but 

a sign if icant amount of gross re

ce Ipts (42 percent) accrued to 

the rest of the Texas econany be
cause the materials and services 
for f ish lng-rei ate::! bus Inesses are 

suppl Ie::! throughout the State. 
4. Canmercial fishing resulted In over 

$416.2 m ill ion In statewlse gross 

bus Iness vo I ume, of wh Ich about 63 
percent accrued with In the estuary 

reg Ions. 
5. An est imate::! $39.1 m II I ion and 

$114.5 million in personal incane 

resul te::! annua I I Y fran sport and 

canmerclal fishing, rE~spectlvely. 

6. Total State tax and I icense reve

nues associate::! with sport fishing 

act Iv it ies were est Imate::! at about 
$1.4 million, includ ing 57 percent 

collecte::! within the regions. 
Local teD< revenues totaled $2.2 

7. 

million, with a 
(63.4) remaining 

econan ies. 

larger percent 

in the local 

The total 

canmerclal 

I ion and 

teD< revenue impacts for 
fishing were $3.8 mll

$5.3 mil I ion fo r state 

and local goverrrnents, respect Ive
I y. More teD< revenues rema Ine::! in 
the reg ions from canmercial fish

i ng than those st 1m u I ate::! by spo rt 
fish ing -- 64 percent for state 

and 80 percent for local reve-

nues. 
8. An estimate::! 4,581 full-time equl

va I ent jobs resul ted from sport 
fishing business; the regions' 

share was about 69 percent, over 

3,200 jobs. The annual commercial 

fish ing Impact on employment 
statew ide was est Imate::! to be over 

10,339 jobs, mostly concentrate::! 
with in the reg ions III ith about 20 

percent of the total employment 

locate::! el sewhere in Texas. 

The results of this study demonstrate 

that the econan ic importance of the sport 

and commercial fishing activities In the 

six estuary reg Ions extends beyond the 



coasta I areas. On the average, for each 

dollar spent on variable sport fishing 

activities, an additional $2.23 In gross 

sa I es occurs throughout the State. For 

each do liar of commerci a I fish i ng harvest, 

an estimated $2.12 in additional gross 

business results. Combined, the fishing 

activities produce over $553 ml II ion In 

direct and Indirect gross business and over 

$153 ml II ion in annual personal Income In 
Texas. 
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FRESHWATER INFLOW NEEDS 

Introduction 

Many comp I icated interact Ions govern 

the biological productivity of Texas bays 
and estuar ies other than the quant Ity of 

freshwater inflows. However, freshwater 

Inflows and their associated nutrients and 

sediments are recognized as one of the 

pr imary factors In estuar Ine product iv ity. 
In order to estimate freshwater Inflows 

necessary to sustain Texas estuarine eco
systems, some assumptions must be made. 
The main premise underlying these assump

t ions is that the relat ionsh Ips and 

interactions between freshwater Inflows and 
estuarine productivity can be Indirectly 

exam Ined through anal ys Is of "key" ind i

cators. A more extensive discussion of the 

underlying physical, chemical and bio

logical relationships in an estuary is 
provided in Appendix VI. 

One "key" Ind fcator, the frequency of 
marsh inundat ion, Is based on the recogn i
t ion that coastal marsh areas associated 

with river deltas are inundated by periodic 
overbank I ng of river flows. T 1m I ng and 

extent of the Inundation and dewatering 

processes are influenced by seasonal tidal 
conditions and constitute a natural 

env Ironmental funct Ion of the estuary in 

terms of waste assimilation, nutrient cycl

ing, and ma intenance of "nursery" hab Itats 
for young grow ing organ isms such as 
juvenile fish and shrimp. The frequency of 
flood f I ow durat Ions and the i r water 

volumes, In conjunct Ion with the area of 

adjacent marsh habitats, gives an Ind ica

tlon of the history of previous Inundation 

events and an Ind icat ion of the extent of 

this natural process. Analysis of this 
Information provides an estimate of the 

freshwater inundation requirements neces

sary to susta in system inundat Ion at 

historical levels. 

Another "key" ind Icator Is sal In Ity 

and Involves the development of freshwater 

inf low-sal in Ity relat ionsh ips for an 

estuarine system. This task is accompl ish-
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ed by formu lat ing relat lonsh Ips between 

observed sa lin ity leve I s and known river 
i nf low quant It ies. The resu I t Ing Inf I ow

sal in ity relat ionsh ips are then appl ied to 

eva I uate antecedent Inf low req u I rements to 
ma inta in a spec i f ieci sa lin ity range at 
specific locations in the estuary. Further, 

the speclf ied salinity range can be changed 

to meet general physiological salt-tolerance 

cr iter la of predom Inant estuarine-dependent 

organisms during critical months or seasons 

of the year. However, It is emphas Ized that 
meet Ing sal In ity cr iter la may not necessar 1-
Iy meet al I vital ecosystem needs. 

The final "key" Indicator presently 
used In the assessment of freshwater Inflow 

needs to maintain Texas bays and estuaries 
Is based on historical commercial fishery 

harvests. Analysis of harvest statistics In 

relation to associated river Inflows 

provides guidelines for the determination of 

timing and quantities of freshwater inflows 

essential to maintain fishery yields. 

The total amount of freshwater enter
ing Texas estuarine systems Is the sum of 

gaged Inflows, ungaged Inflows, and pre

cipitation on the estuary <Table I). The 
gaged inf lows are those inf lows from major 

rivers and streams measured at the stream

gaging station closest to the estuaries. 

Ungaged inf lows arE! unmeasured runof f 

entering the estuary and can only be 

estimated from rainfall and runoff re

lationships. The net quantity of fresh
water inflow for an estuarine system Is the 
sum of the gaged inf low, return flows 

enter I ng downs tream of the gages and direct 
preCipitation on and the surface of the 

estuary, less the evaporat ion from the 

estuary. 

Analyzing the Estuarine Complex 

The development of env ironmental 
modeling techniques has Improved the 

capab I I ity of anal ysts to make eva I uat ions 

of specified development alternatives and 

the Ir Impact on aquat Ic ecosystems. Due 

to the complexity of aquatic ecosystems and 
the Ir importance In water resources plan-
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Table 1. Average Annual Freshwater Inflows, 1941-1976, to Selected Major Texas Estuarine Systems ~ 

Estuary 
Gaged 
Flows ~ 

Estimated 
Ungaged 
Inflows !y 

Return 
Flows 

River 
Diversions 

: : : : : 

Estimated 
Corrbined 
Inflows s/ 

--------------------------(tllousandsofacre-feet}---

Sabine-Neches 

Trinity-San 
Jacinto 

Lavaca-Tres 
Palacios 

Guadalupe 

Mission-Aransas 

Nueces 

Laguna Madre 

Annual Totals 

11 ,184 1,950 

7,087 2,537 

1,893 967 

1,808 460 

104 276 

628 78 

335 308 

23,039 6,576 

375 

365 

75 

o 

6 

30 

46 

897 

507 13,002 

217 9,772 

o 2,935 

o 2,268 

o 386 

54 682 

o 689 

778 29,734 

Estimated 
Precipitation 

On Estuary 

221 

1,569 

864 

444 

332 

270 

1,300 

5,000 

Estimated 
Bay 

Evap;Jration 

165 

1,382 

1,171 

648 

564 

539 

2,757 

7,226 

Net 
Freshwater 

Inflows ~ 

13,058 

9,959 

2,628 

2,063 

154 

413 

-768 

27,507 

a/ nenotes recorded streamflOW-of major rivers at the ITOst dOWnsfreamD'. S:-GeOf&3icaIsurveysfreangagfng station;- withOut 
- diversions below the gage rerroved. 
b/ Denotes runoff from contiguous coastal tributaries not included in gaged runoff. 
c/ The sum of gaged flow and ungaged inflows, plus the return flows minus the river diversions downstream of the ITOst downstream 
- river gaging stations. 
~ Includes gaged and ungaged inflows, diversions and return flows, and bay precipitation and evap;Jration components. 



ning, mathematical techniques have been 
developed and are being used for assessment 

of alternative projects and programs. 

Any desired objective for the bio

logical resource of a~ estuary must ulti

mately include a value judgement concerning 
competing interests. Where seasonal sal in

ity needs are competitive among estuarine

dependent species (e.g., one species 
prefers low salinities In the spring and 
another prefers high sal inlties In the same 

season), a management dec Is Ion may be 

requ Ired to specify a preference to one or 

more species' needs. Such a decision could 

be made on the bas is of wh Ich organ ism has 

been more character 1st ic of the estuary of 
Interest. Additionally, needs for 
freshwater In the contributing river basins 

must ultimately be weighed against the 
freshwater needs of the estuary. 

Method of Estimating Freshwater Inflow 
Needs. I n order to est Imate the fresh-

water inf low needs of an estuary, mathe

matical techniques are applied to combine 
the large number of relat lonsh ips and con

straints, such that al I of the Information 
can be used in cons iderat ion of compet ing 

factors. The methodology ut Illzed In the 
development and application of relatlon

sh ips Is I I lustrated In Append Ix I I. The 

relationships and constraints considered 
Include: 

(I) equations relating annual com

mercial fisheries harvests over 

the per lod 1962-1976 to inf lows 

(2) 

(3) 

in up to five "seasonal" 
Intervals, 

equations relating monthly sal in

Ities to monthly freshwater 
inf lows, and 

upper and lower 

monthly bas is, for 

bounds, on a 

the sal in It ies 
requ Ired 
sal In ity 

to maintain 
gradient for 

a viable 
selected 

aquatic organisms. 

The constra ints listed above are 

incorporated into a special computational 
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procedureLI to determine the monthly 

freshwater inf lows needed to meet specif led 

marsh inundation, salinity, and fisheries 

production objectives. 

The results of the appl icatlon of the 

methodo logy prov ide est Imates of the sea

sonal or monthly freshwater inf lows needed 

to meet selected objectives, which In this 

case are expressed in terms of criteria for 
marsh inundation, salinity, and fisheries 
harvests. The commerc i a I harvests that are 

pred icted under such a reg ime of freshwater 

inf lows are compared with the average 
historical commercial harvests for the 

years 1962-1976 to est imate Changes In 

biological productivity. 

Assessment of Alternatives 

The freshwater Inf low needs of each 
estuary are assessed 'for three alternat ive 
object Ives termed (I) Subs Istence, (2) 

Maintenance of commercial fisheries har
vests, and (3) Enhancement of selected 

commercial fisheries harvests. These 

alternat Ives were selected to demonstrate 

the methodo logy deve loped In th Is study and 
to Illustrate a wide range of potent lally 

desirable estuarine conditions. These 
three alternatives arE~ most certainly not 

the only ones possible. However, they 

demonstrate a wide range of variations in 
bay product Ivity (as assumed to be general

ly measured by commercial fisheries 

harvests) resulting from varying seasonal 

and annual levels of fr'eshwater inflows. 

The Subs Istence Alternat ive cons iders 
the marsh inundat Ion and sal In Ity charact
eristics of an estuary, and the freshwater 

inf low needs for th Is A Iternat ive are the 

estimates of the minimum monthly Inflows 

for the bas Ic purposes of nutr lent trans

port, habitat maintenance, and salinity 
control. The volumes of water considered 
necessary for the marsh Inundat Ion events, 

J! The procedure involves the formulation 

and so lut ion of a mathematical 

programming model. 



from those rivers wh Ich flood sign If Icant 

ma rs h areas, cor res pond to the vo I umes of 

water in recorded floods with peak flow 

rates equal to the median peak flow rate of 

al I flood events recorded on streamgage 

records. The h istor Ic med Ian peak f I ow 

rate is selected as best represent ing a 
typical peak flood discharge, since the 

medJan peak flow (as distinguished from the 

average peak flow) is the peak flow event 
that is the midpoint of al I peak flows 

observed (i. e., 50 percent of the recorded 

peak flows are less than the median and 50 
percent are greater). The annual frequency 

of needed marsh Inundat ion events is 

specified at the same frequency as that 

observed for flood events over the per i od 

of accurate streamgage records, with the 
events seasonally distributed such that 

they occur in those months which biological 
information indicates are the most 

beneficial to the aquatic organisms In the 
estuary. Monthly Inflows for salinity 

control are established for areas near the 

major Inflow points of freshwater based on 
(I) relationships between historical gaged 

inflows and observed sal inlty levels and 
(2) ranges of allowable salinities, 

incorporating observed median historic 
(1941-1976) monthly salinities and sal inity 

viability limits for important aquatic 

organisms. Again, the median monthly 

salinity is taken as a level typical of the 
sal inlty conditions. 

The Fisheries Harvest Maintenance 

A I ternat ive req u I res month I y and seasona I 

Inflows which satisfy the Subsistence 
A I ternat ive and wh ich a I so are at leve I s 

sufficient to support annual commercial 
fisher les harvests for the major harvest 

categories in an estuary at levels no less 

than reported average annua I catches from 

1962 through 1976 -- the only period for 
wh Ich reliable and comprehens ive fisheries 
data are available. The fisheries harvests 

are predicted using relationships estimated 

between seasonal inflows and commercial 
harvests over the per iod 1962-1976. The 

major harvest categories considered reflect 

the most predominant fishery species In an 

estuary, and in these analyses include 

individual harvests of spotted seatrout, 
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red drum, wh Ite shr Imp, blue crabs and bay 
oysters. 

A third alternative, termed Fisheries 

Harvest Enhancement, was considered to eval

uate the monthly and seasonal inflows needed 

to satisfy the Subs istence Alternat.lve and 
to Improve the harvest of a spec if Ic com

mercial fisheries harvest category (which 

differs among estuaries), but with the con
straint that the total freshwater Inflow 

wou I d not exceed the mean annua I h Istor ic 
inflow over the period 1941-1976. The 
annual Inflow available for harvest enhance

ment need not necessarily be limited to the 

mean historic freshwater InfloW, as was done 

In th Is anal ys Is, since the freshwater In

flows for Increasing the harvest of a parti

cular fisheries species may only be limited 

by salinity bounds. However, it Is logical 
to ask the question as to the greatest 
Increased harvest, for a speclf Ie fisheries 
group, that might be expected to occur, 

given the most efficient or "best" seasonal 

redistribution of as much as the annual mean 
historic freshwater Inflow to an estuary. 

The fisheries analyses underly Ing the 
assessment of the A Iternat ives stated above 

do not cons ider the responso of offshore 
commercial harvests in the Gulf of Mexico 

to estuarine freshwater inf lows, with the 

exception of the Alternatives considered 
for the Trinity-San Jacinto and Laguna Madre 

estuaries. However, relat lonsh Ips were 

developed relating the response of offshore 
commerc I a I shr Imp harvests to the comb I ned 

seasonal Inflows into thEI Trinity-San 
Jacinto, Lavaca-Tres Palacios, Guadalupe, 

Mission-Aransas, and Nueces estuaries. 
These relationships are described following 

the discussions of the freshwater inflow 

needs for each estuary. 

I n the fo I low i ng sect ions, est Imates 

are presented of the freshwater Inf low 
needs for each of the Alternatives de

scr ibed above for each of 'the s Ix major 
Texas estuarine systems analyzed. 5 ince 

water resources development most directly 

affects the gaged river Inf I ()ws, the gaged 

inf low component is emphas Ized in est imat

i ng fres hwater I nf low needs. 



Estimates of Freshwater Inflow Needs 

Sabine-Neches Estuarine System 

The Sabl ne and Neches Rivers are the 

major rivers discharging Into the Sabine-

Neches estuary (Figure 5). The combined 

freshwater inflowll for the Sabine-

Neches estuarine system averaged nearly 

13.0 million acre-feet (16.0 billion m3) 
per year during the 1941 through 1976 

per I od of record (Append I x I I I). Ungaged 

I nf lows averaged approx I mate I y 2.0 m I I I Ion 

acre-feet (2.97 billion m3) and gaged 

river I nf lows accounted for an average of 

about 10.7 million acre-feet (13.2 bi Ilion 
m3 ) (Table I). 

Wetlands near the mouths of the Neches 

and Sabine Rivers contribute nutrients to 

Sabi ne Lake. These nutrients are carried 

I nto the estuary by both tlda I and rlverl ne 

flooding. Information developed by the 

National Weather Service Indicates that 

flooding occurs on the Sabine River at the 

stream gag i ng stat I on near Ru I I ff and the 

Neches River gaging station at Evadale when 
flows exceed 17,000 ft3/sec (481 
m3/sec) and 7,600 ft3/sec (215 

m3/sec), respectively. 

Based on the 1925 through 1976 record 

of gaged flows, a med i an of three flood 

events on the Neches River at Evada I e and 

two events on the Sab I ne River near 
Ruliff would be needed annually to provide 
the same frequency of inundation wh Ich has 

occurred during the recorded historical 

period. The peak discharge of each of 

these floods corresponds to the historical 

med i an peak discharge for flood events in 

each bas in: 28,000 ft3/sec (793 

m3/sec) for the Sabine River near Rullff 

and 18,000 ft3/sec (510 m3/sec) for the 

Neches River at Evadale. The total volume 

of gaged Inflow for each of the flood 

events on the Sab i ne Is est i mated at 

802,000 acre-feet (989 million m3), and 

Y Comb I ned i nf low I nc I udes gaged and 

u ngaged i nf low, divers ions, and return 

flows, but excludes direct preciplatlon 

on and evaporation from the estuary's 

surface. 
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on the Neches at 480,300 acre-feet (592 
m I I lion m3). 

A river Inflow-salinity relationship 

was developed using the mathematical 

relationship between the sum of the Sabine 

River flow near Rullff and the Neches River 

flow at Evadale, and the salinity of upper 

Sabl ne Lake near the Sabl ne-Neches canal. 

The Subs Istence Alternative estimate of the 

gaged river inflows necessary to sustain 

month I y sa I In i ties with I n a range of 

desirable salinities and maintain historical 

marsh Inundation frequency totals about 5.69 

million acre-feet (7.0 billion m3) 
annually (Table 2) or 5.01 mil lion acre-feet 

(6.18 b II lion m3) less than the average 

annual gaged Inflow for the period, 1941 

through 1976. This annual volume of 

freshwater i nf low was; exceeded I n a I I but 

ten of the years from 1941 through 1976. The 

annua I I nf low from the un gaged port Ions of 

the Sabine and Neches River Basins Is 

estimated at 1.83 million acre-feet (2.26 

b I I I I on m3). 

The freshwater Inflow needs for the 
two additional Alternatives (Fisheries 

Harvest Maintenance and Fisheries Harvest 

Enhancement) could not be evaluated for 

th Is estuary since the fisheries harvest 

equations derived for this estuary were not 

valid for the range of possible flows 
consistent with the Subsistence 

Alternative. The salinities presented In 

Table 2, if met, would constitute a shift In 
the sa lin I ty reg I me of Sab I ne Lake from the 

existing Intermediate fresh-brackish 

salinity regime to a more truly estuarine 

env ironment. Th Is change I n the sail n I ty 

reg I me wou I d be expected to I ncrease the 

species diversity and productivity In Sabine 

Lake as Illustrated In Figure VI-3 of 

Append i x V I, presuml ng an absence of toxl c 

mater I al sand assuml ng that exl stl ng marsh 

habitats are maintained. However, the 

magnitude of any possible change In 

estuarl ne product Ivi ty cannot be accurately 

assessed from existing data reflecting past 

conditions In the estuary. The Sabine

Neches estuary was the on Iy estuary of the 

six estuaries studied for which It was not 

possible to compute estimates of freshwater 

i nf low needs for a I I of the three 

Alternatives discussed earlier. 
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Table 2. Gaged River Inflow needs of the Sabine-Neches EStuarine System for the 
Subsistence Alternative a/ 

]\bnth 

January 

February 

March 

April 

May 

June 

July 

August 

September 

O:::tober 

November 

D2cember 

Annual 

. . Predicted 
Salinity b/ 
(parts per 
thousand) 

10.0 

10.0 

10.0 

5.0 

1.6 

4.0 

10.0 

11.0 

15.0 

4.0 

14.0 

10.0 

EStimated 
Gaged River 

Inflows 
(thousand acre-feet) 

350.7 

361. 7 

340.4 

535.4 

1,282.3 

477.5 

204.3 

178.5 

132.2 

1,282.3 

189.1 

352.0 

5,686.4 

a/ Cbmbined gaged streamflow of Sabine River near Ruliff and Neches River at 
Evadale. 

b/ Based upon monthly regression equations relating salinity in upper Sabine 
Lake (Figure 5, line site 244, sample site 4) to gaged inflows. 
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Jrlnlty-San Jacinto Estuarine System 

The Trinity and the San Jacinto River 

Bas Ins discharge Into the Tr In Ity-San 

Jacinto estuary (F igure 6). The combined 

freshwater Inflow to the TrinitY-San 

Jacinto estuarine sysfem averaged about 9.8 
mill ion acre-feet (12. I bl II ion m3) per 

year during the 1941 through 1976 period of 

record (Appendix I I I). Ungaged Inflows 

averaged almost 2.6 mil lion acre-feet (3.2 
billion m3) annually <Table I), gaged 

Trinity River Inflows accounted for an 
average of 5.2 m II lion acre-feet (6.4 
billion m3) annually, and gaged San 

J ac Into River I nf lows averaged 1.6 m II II on 
acre-feet (2.0 billion m3) annually. 

Return flows, pr imar i Iy from the City of 

Houston, averaged approximately 365 thou

sand acre-feet (450 mill ion m3) annually. 

The Tr in ity-San J ac into estuary re

ce ives freshwater Inf lows from two major 

rivers: the Trinity and San Jacinto. Each 

river has a de Ita Ic marsh system at its 
junct ion with the estuary. Marsh Inunda

t ion needs for the San Jacinto delta were 

not developed due to the relatively limited 
areal extent of the marsh complex. How

ever, the large wetland complex In the 

Trinity River delta, extending over 49,880 

acres (20,200 hectares), warranted the 
est Imat Ion of marsh inundat ion needs for 

that de Ita Ic system. The average "bank 
full" capacity of the river channel through 

the delta is estimated to be 20,000 
ft3/sec (566 m3/sec) under normal tidal 

cond it ions. Based on the gaged flows in 
the Tr In Ity River at Romayor dur Ing the 

1927 through 1976 period, a median of three 

flood events would be needed annually to 

provide the same frequency of marsh 

inundation which has occurred historically. 
Using the median peak flow of the recorded 

flood events, the peak da II y discharge of 

each of these flood events Is 29,500 
ft3/sec (835 m3/sec), with the total 

volume of freshwater inflow of 750,000 
acre-feet (925 million m3) for each such 

event. 

Stat ist ica I relat lonsh Ips were deve l

oped for the sal inity levels in upper 

Tr In Ity Bay based upon the gaged f I ow of 
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the Tr In Ity River at Romayor -- the rrost 
downstream gaging station on the river. 
Analysis of inflows sufficient to provide 

salinities within acceptable bounds to 

sustain the viability of various estuarine
dependent fishery species, and to provide 

marsh Inundation, yields an estimate of 
approximately 3.17 million acre-feet (3.91 

billion m3) annually of gaged Inflows from 

the Trinity River Basin for the Subsistence 

Alternative (Table 3). Estimated gaged 
inflow needs from the Trinity River to 

maintain commercial fisheries harvests of 
the estuary at levels equal to or greater 
than the average for the 1962 through 1976 

period amounts to 3.19 million acre-feet 
(3.93 b i I I ion m3) per year for the 

Fisheries Harvest Maintenance Alternative 

(Table 3). The Fisheries Harvest 
Enhancement Alternative, wh Ich cons Iders 

maximizing the offshore commercial shrimp 
harvest for the offshore fish Ing area 

(designated as Gulf Area No. 18) adjacent to 

the estuary, would require an estimated 

3.18 million acre-feet (3.9 billion m3), 
or sl ightly less than that needed for the 

Maintenance Alternative, of gaged Inflow 

annually from the Trinity River Basin (Table 
3). The est Imated annual Inf low from the 
ungaged portion of the Trinity River Basin 

totals approximately 414 thousand acre-feet 
(510 m II lion m3) for each of the above 

three Alternatives. 

The annual volume of estimated gaged 
Inflow needed from the Trinity River Basin 

for each of the three Alternatives 
represents approximately 61 percent of the 
average annual gage inflow over the 1941 

through 1976 per iod. The recorded gaged 

annual inflow from the Trinity River 

exceeded the est Imated annua I Inf low needs 

In 25 of the 36 years from 1941 through 
1976. 

River Inf low-salin ity relat lonsh ips 
were also developed based upon the San 

Jacinto River flows at the rrost downstream 

streamgages in the bas In, to est Imate 
salinity responses In upper Galveston Bay 

near Morgan Point -- the Texas Department 
of Water Resources (TDWR) sa I In Ity measur

Ing station in Galveston Bay closest to the 

mouth of the San J ac into River. Based upon 
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Table 3. Gaged River Inflow Needs of the Trinity-San Jacinto Estuary Under Three Alternative levels of Fisheries Productivity ~ 

Trinity River Basin bl 
Ffsheries Shrirrp 

Harvest 

i:>dIJ clc1l.,;.LllUJ Kiver Basin cl 

Ecosystem 
Subsistence dl 

Harvest 
Maintenance e/: Enhancement fl 

Ecosystem 
Subsistence dl 

Ffsheries 
Harvest 

Maintenance el 

Shrinp 
Harvest 

Enhancement fl 
• Gaged Gaged Gaged • Gaged Gaged Gaged 

l'bnth Inflow Salinity Inflow Salinity Inflow Salinity Inflow Salinity Inflow Salinity Inflow Salinity 
(1000 (ppt) (1000 (ppt) (1000 (ppt) (l000 (ppt) (1000 (ppt) (1000 (ppt) 
ac-ft) ac-ft) ac-ft) ac-ft) ac-ft) ac-ft) 

January 96.1 10.0 96.1 10.0 96.1 10.0 181.5 13.0 181.5 13.0 181.5 13.0 
February 97.1 10.0 97.1 10.0 97.1 10.0 153.0 13.0 153.0 13.0 153.0 13.0 
March 81.4 10.0 81.4 10.0 81.4 10.0 1l0.6 14.0 1l0.6 14.0 1l0.6 14.0 
April 691.2 3.0 691.2 3.0 691.2 3.0 154.5 14.0 154.5 14.0 154.5 14.0 
May 702.2 3.0 702.2 3.0 702.2 3.0 197.0 12.0 197.0 12.0 197.0 12.0 
June 429.9 3.0 429.9 3.0 429.9 3.0 124.1 13.0 124.1 13.0 124.1 13.0 
July 56.5 10.0 56.5 10.0 56.5 10.0 85.4 17.0 85.4 17.0 182.5 12.1 
August 59.0 11.0 59.0 11.0 69.4 10.0 84.4 16.0 84.4 16.0 117.5 14.2 
September 70.2 13.0 70.2 13.0 70.2 13.0 98.0 17.0 98.0 17.0 98.0 17.0 
O::tober 670.2 5.3 670.2 5.3 670.2 5.3 57.0 18.0 57.0 18.0 57.0 18.0 
N::>vember 94.8 1l.0 114.2 10.0 94.8 1l.0 52.9 21.0 230.5 12.4 52.9 18.0 
D:!cember 119.1 10.0 119.1 10.0 119.1 10.0 139.0 15.0 224.4 12.3 139.0 21.0 -- -- --
Annual 3,167.7 3,187.1 3,178.1 1,437.4 1,700.4 1,570.6 

a/ All inflows are mean rronthly values 
hi These values computed using regression equations relating rronthly river basin inflow to the estuary with rronthly gaged inflows at 
- USGS Station on the Trinity River at ROmayor, with historic diversions between the stream gage and the estuary rerroved 

Salinities are predicted values in Trinity Bay 
cl These values computed using regression equations relating rronthly river basin inflow to the estuary with monthly gaged inflows at 
- USGS Stations #08074000, 08074500, 08075500, 08076000, and 08076500. Salinities are predicted values in upper Galveston Bay near 

near l'brgan POint 
dl The predicted annual commercial fisheries harvest for this Alternative is 501 thousand pounds of finfish and 21,369 thousand 
- pounds of she11f ish. 
el The predicted annual commercial fisheries harvest for this Alternative is 556 thousand pounds of finfish and 21,326 thousand 
- pounds of shellfish. 
fl The predicted annual commercial fisheries harvest for this Alternative is 414 thousand pounds of finfish and 21,368 thousand 
- pounds of shellfish. 



these relationships, an estimated 1.44 

million acre-feet (1.78 billion m3) per 

year of gaged inf low from the San Jacinto 

Basin, plus 666 thousand acre-feet (821 

mill ion m3) of inf low from ungaged areas 

of the bas in, to the Ga I veston Bay port ion 

of th is estuarine system is needed to sus

tain desired salinity limits (Subsistence 

A Iternat ive) (Table 3). Based upon re

lationships established between commercial 

fisher ies harvest data and seasonal inf lows 

for the period 1962 through 1976, estimated 

gaged river inflows of 1.7 million acre
feet (2. I bi II ion m3) per year are needed 

from the San Jacinto River Bas In, In addI

tion to 693 thousand acre-feet (886 mil lion 

m3 ) annual of ungaged Inflow from the 

bas in, to meet sa I In ity and marsh inunda

tion needs and maintain annual commercial 

fisheries harvests at no less than average 

historic levels for the 1962-1976 period 

(Harvest Maintenance Alternative) (Table 

3). The estimated gaged freshwater inflows 

from the San Jacinto River Basin for 

meet ing the Fisher ies Harvest Enhancement 

A Iternat ive, of max im iz ing the shr imp 

product ion of the adjacent offshore area 

(Gulf Area No. 18) to the estuary, equals 

the annual inflow limit set at the average 

(1941-1976) annual gaged basin inflow. 

This Inflow volume is slightly less than 

1.6 mill Ion acre-feet (2.0 bill ion m3) 
<Table 3). Ungaged inf lows from the bas In 

are est imated at 693 thousand acre-feet 

(833 million m3). The constraints of the 

Harvest Enhancement Alternative I imits the 

a nnua I i nf low to no more than the 1941 

through 1976 per iod average; since th is 

limit was reached, it is bel ieved, but not 

verified, that additional gaged inflow from 

the basin might Increase the shrimp 

harvest. The maximum amount of additional 

inflow depends upon the lower sal inity 

I im its and has not been computed. 

The estimated annual gaged inflow 

needs from the San Jacinto River Basin for 

the three Alternatives (Subsistence, Main

tenance, and Enhancement) are 88, 106 and 

100 percent, respectively, of the 1941 

through 1976 mean annual gaged inf low from 

the bas in. The number of years in the 36 

year period of 1941 through 1976, for which 

the annual gaged inflow exceeded the 
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est imated annua I need were 17, 15, and 15 

years, respectively, for the Subsistence, 

Maintenance, and Enhancement Alternatives. 

Predicted total annual commercial 

fisheries harvests for the Trinity-San 

Jacinto estuary, including offshore shrimp 

harvests for Gu I f Area No. 18 (the area 

rough I y from Sab i ne Pass to Freeport and up 

to 100 miles offshore), amounts to approxi

mately 21.9, 21.9, and 21.8 mill ion pounds 

(9.93,9.93, and 9.89 million kg) for the 

Subsistence, Maintenance, and Enhancement 

A Iternat ives, respect ive Iy. The freshwater 

i nf low needs given for the three A Iterna

t ives may not be suff ic ient to ach ieve the 

predicted fisheries productivity if the 

water qua I ity cond it ions in the estuary are 

further deteriorated by mass ive wastewater 

discharges entering "~he system from the 

Houston-Galveston area. 

Lavaca-Tres Palacios Estuarine System 

The Lavaca, Navidad and Colorado 

Rivers are the major contr ibut ing sources 

of freshwater inflow to the Lavaca-Tres 
Palacios estuary (Figure 7>. The combined 

freshwater inflows to the Lavaca-Tres 

Palacios estuarine system averaged 2.9 

million acre-feet (3.6 billion m3) per 

year during the 1941 through 1976 period 

of record (Append ix 111). Ungaged inf lows 

averaged almost 0.97 million acre-feet (1.2 

billion m3) annually and gaged river 

inflows, including contributions from the 

Colorado River, accounted for an average of 
nearly 1.9 million acre-feet (2.3 billion 

m3) annually <Table I). 

Because of the diking of the river 

banks along the lower Colorado River, marsh 

inundation of the Colorado River delta does 

not occur during river" flooding. However, 

flooding of the Lavaca and Navidad Rivers 

does resu It 

River de Ita. 

in inundat ion of the Lavaca 

Thu s, gaged flows from these 

rivers are cons idered in marsh inundat ion 

analys is. From 1941 through 1976, the 

average annua I inf low of the Lavaca and 

Navidad Rivers to Lavaca Bay was 0.74 

mi II ion acre-feet (91:5 m ill ion m3) • The 

average "bank-full" capac ity of the river 
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channel through the Lavaca delta Is about 

5,000 cubic feet per second (ft3/sec) 

( 142 m3 /sec). Based on the I nf low 

records, It is est Imated that a med i an of 

three flood events per year would provide 

inundatIon of the deltaic marsh comp'lex 

with the same frequency wh Ich has occurred 

h Istor I ca I I y. The peak discharge of these 

flood events wou I d be about 11,320 
ft3/sec (321 m3/sec) and 10,370 

ft3/sec (294 m3/sec) in the sprIng and 

fall, respectively, with total volumes of 

freshwater inflow at approxImately 70,000 

and 60,000 acre-feet (86 and 74 m I I I ion 
m3), respectively. 

River inf low-sal In ity relat ionsh ips 

were developed based on the Navidad River 

flows at the streamgage near Ganado and 

Lavaca River flows at the gag I ng stat ion 

near Edna for a sal inity response estImate 

In upper Lavaca Bay. Combining Inundation 

and sal inity condItions for the Subsistence 

AlternatIve yields a 0.35 mIl lion acre-feet 

(432 mil I ion m3) per year estimate of 

gaged Lavaca River Basin inflows needed for 

the Lavaca Bay port ion of th is estuar ine 

system (Table 4). Un gaged inflows from the 

bas In are est imated at 72.0 thousand acre

feet (88.8 mIll Ion m3) annually. In 

meeting the Fisheries Maintenance Alterna

tive, a gaged rIver inflow from the Lavaca 

RIver Basin of sl ightly more than 0.61 

mIl lion acre-feet (752 mIl lion m3) per 

year, in additIon to the estimated 126 

thousand acre-feet (155 m I II ion m3) per 

year of ungaged inf low, is est imated to 

satisfy the sal inlty and marsh inundation 

needs and to maintaIn annual commercial 

fisheries harvests at levels greater than 

the mean harvests for the 1962-1976 perIod 

<Table 4). For the Harvest Enhancement 

Alternative, the gaged inflows from the 

Lavaca RIver Bas in needed to max im ize the 

annual commercial shellfish harvest of the 

estuary are estimated to be equal to the 

max Imum annua I i nf low for th Is A I ternat ive 

set at the average (1941-1976) annual gaged 

i nf low. The est Imated inf lows from the 
ungaged portion of the basin total 126 

thousand acre-feet (155 mil lIon m3) 
yearly. ThIs inflow volume equals 0.614 
millIon acre-feet (757 mIllion m3) from 
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the basin (Table 4). SInce the inflow 

bound was reached it Is bel ieved but not 

verified that additional freshwater inflow 

(consistent wIth inundation and sal inity 

I im Its) cou I d increase the pred icted she"

f Ish harvest. 

The annua I gaged inf low needs from the 

Subs Istence, 

A I ternat Ives 

100 percent, 

annual 1941 

Lavaca RIver Bas in for the 

MaIntenance, and Enhancement 

correspond to 57, 99.9 and 

respectively, of thEl mean 

through 1976 per iod gaged inflows. The 

annual inflow needs were exceeded In 24, 16 

and 16 of the years in the period 1941 

through 1976 for the respect ive A Iternat ives 
above. 

River inf low-sal In ity relat ionsh ips 

were developed based upon Colorado River 

flows at the Bay CIty gag i ng stat Ion and 

sal inltles in the eastern arm of Matagorda 

Bay near TIger Island Cut. SalInIty 

analys is y iel ds an 882.3 thousand acre-feet 

(1.08 billIon m3) pElr year estimate of 

gaged i nf lows to the eastern arm of Mata

gorda Bay port Ion of th is estuarine system 

in order to sustaIn basic sal inlty gradIents 

specified by the Subsistence Alternative 
(Tab Ie 4). The actual gaged f I ow at the 

last downstream gage em the Colorado River 

at Bay CIty of I. II mIll ion acre-feet (1.37 

billion m3) is estimated to supply the 

needed inflow of 882 thousand acre-feet 

(1.09 b III Ion m3) Into the estuary, sInce 

the Colorado River de Ita has channels lead

ing both to Matagorda Bay and to the Gul f 

and a port ion of the gaged f I ow passes 

directly into the Gulf. For the FIsheries 

Maintenance AlternatlvEl, gaged rIver inflow 

needs of almost 1.27 million acre-feet (1.57 

bl II Ion m3) per year' from the Colorado 

RIver BasIn (corresponding to 1.8 millIon 

acre-feet or 2.2 billion m3 of flow at the 

Bay City gage) are estimated to meet sal inl

ty and inundat Ion needs and ma Inta in the 

major commercIal fisheries harvests 

categories at no less than the ir average 

historIcal levels for the 1962-1976 period 
(Table 4). For the Harvest Enhancement 

Alternative It is also establIshed that 

maximizing the shellfish production In the 
estuary requ Ires vo lumes of water from 
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Table 4. Gaged River Inflow Needs of the Lavaca-Tres Palacios Estuary Under Three Alternative Levels of Fisheries Productivity ~ 

Lavaca River Basin b7 Colorado River Basin c/ 
Fisheries Shellfish Fisheries 

ECosystem Harvest Harvest &;osystem Harvest 
Subsistence d/ Maintenance e/ Enhancement f/ Subsistence d/ Maintenance e/ 

Gaged Gaged Gaged Gaged Gaged Gaged Gaged Gaged 
M::>nth Inflow Salinity Inflow Salinity Inflow Salinity F1CM InflCM Salinity FICM Inflow Salinity Flow 

(1000 (ppt) (1000 (ppt) (1000 (ppt) (1000 (1000 (ppt) (1000 (1000 (ppt) (1000 
ac-ft) ac-ft) ac-ft) ac-ft) ac-ft) ac-ft) ac-ft) ac-ft) 

January 21.8 13.0 21. 8 13.0 21. 8 13.0 88.1 70.0 19.0 88.1 70.0 19.0 88.1 
FebrualY 26.8 12.0 26.8 12.0 26.8 12.0 99.2 73.0 19.0 99.2 73.0 19.0 92.1 
March 17.0 12.0 17.0 12.0 17.0 12.0 76.4 62.3 19.0 76.4 62.3 19.0 76.4 
April 59.0 9.2 71. 7 8.5 106.4 7.2 101.1 80.3 20.0 133.2 100.5 18.6 101.1 
May 56.1 8.8 104.8 6.8 154.3 5.8 139.7 106.3 19.0 188.0 135.0 17.7 139.7 
June 32.0 9.0 106.4 5.6 153.8 4.8 105.4 82.3 19.0 160.8 116.0 17.3 105.4 
July 15.6 11.0 18.4 10.0 15.6 11.0 53.4 45.5 21.0 53.4 46.5 21.0 162.5 
August 10.4 17.0 35.1 10.0 10.4 17.0 49.1 45.2 24.0 49.1 45.2 24.0 109.7 
September 24.2 13.0 97.1 7.3 24.2 13.0 147.7 109.8 20.0 147.7 109.8 20.0 147.7 
O:::tober 48.8 8.4 77.8 6.9 48.8 8.4 91.6 75.0 20.0 91.6 75.0 20.0 91.6 
November 17.6 13.0 17.6 13.0 17.6 13.0 79.5 65.0 19.0 387.7 230.7 13.5 383.7 
I:ecember 17.5 14.0 17.6 14.0 17.5 14.0 82.2 66.6 19.0 322.3 209.6 13.6 325.1 

Annual 346.8 612.1 614.2 1,113.4 882.3 1,797.5 1,273.6 1,830.2 

~ All lnflCMs are mean monthly values. 
!Y These values conputed using regression equations relating monthly river basin inflow to the estuary with monthly gaged inflows at 

USGS Stations #0816400 (Edna) and #08164500 (Ganado). Salinities are predicted values in upper Lavaca Bay. 
EI 

ij 

'5! 

Y 

These values conputed using regression equations relating monthly river basin inflow to the estuary with monthly gaged inflows at 
USGS Station #08162500 (Bay City). The gage flow values represent the monthly flCM at Bay City required to give the gaged inflow 
value in the =rresponding month, since a portion of the flow at the Bay City gage passes directly to the Gulf of Mexi=. 
Salinities are predicted values in the eastern end of Matagorda Bay near Tiger Island Cut. 
The predicted annual commercial fisheries harvest for this Alternative is 285 thousand pounds of finfish and 2,894 thousand pounds 
of shellf ish. 
The predicted annual =mmercial fisheries harvest for this Alternative is 364 thousand pounds of finfish and 2,927 thousand pounds 
of shellfish. 
The predicted annual commercial fisheries harvest for this Alternative is 285 thousand pounds of finsifh and 3,719 thousand 
pounds of shellfish. 

Shellfish 
Harvest 

Enhancement f/ 
Gaged 
Inflow Salinity 
(1000 (ppt) 
ac-ft) 

70.0 19.0 
73.0 19.0 
62.3 19.0 
80.3 20.0 

106.3 19.0 
82.3 19.0 
98.4 14.3 
77.8 17.1 

109.8 20.0 
75.0 20.0 

228.7 13.5 
211.1 13.6 

1,275.0 



the Colorado River Basin equal to the 

annual Inflow limit set at the average 

( 1941-1976) annual gaged I nf low. This 

inflow volume Is 1.28 ml II Ion acrefeet 

(1.58 bl II Ion rn3) (Table 4) • Since the 

upper limit on annual freshwater Inflow was 

met, It is believed, but not fully veri

fied, that additional Inflow from the basin 

(consistent with salinity and Inundation 

bounds) could Increase the annual shellfish 

harvest. 

The estimated gaged annual Inflow 

needs from the Colorado River Basin for the 

Subsistence, Maintenance, and Enhancement 

Alternatives represent approximately 67, 

99.9, and 100 percent of the mean annual 

Inflow for the years 1941 through 1976. 

The annua I I nf low dur I ng these years 

exceeded the estimated annual need for each 

of the above Alternatives in 21, 16 and 16 

of the 36 years, respectively. 

The predicted total annual commercial 

fisheries harvests for the Lavaca-Tres 

Palacios estuary amount to approximately 

3.18,3.29, and 4.0 million pounds (1.44, 

1.49, and 1.8 million kg) for freshwater 

inflow needs specified for the Subsistence, 

Maintenance, and Enhancement Alternatives, 

respectively. 

Guadalupe Estuarine System 

The Guadalupe and San Antonio Rivers 

are the major rivers discharging Into the 

Guadalupe estuary (Figure 8). The combined 

freshwater inflow for the Guadalupe 

estuar i ne system averaged 2.27 m IIII on 

acre-feet (2.80 billion m3 ) per year 

during the 1941 through 1976 period of 

record (Appendix III). Ungaged Inflows 

averaged 0.46 mi I lion acre-feet (567 

mi Ilion m3 ) annually and gaged river 

inflows accounted 

ml II Ion acre-feet 

annually (Table I). 

for an average of 

(2.2 bill Ion 
1.8 
rn3) 

The Guadalupe River delta is one of 

the most hydraulically complex marsh areas 
on the Texas Coast. Ten bayous and chan

nels, including the main channel for the 

Guadalupe River, supply freshwater inflows 

to approximately 4,500 acres (2,370 
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hectares) of marsh located south of State 

Highway 35 between the V I ctor I a Barge Cana I 

and the commun Ity of T Ivo I I. I nundatlon of 

th I s de Ita Ic mars h c(lII1pl ex beg I ns when the 

comb I ned f I ow rate of the ten bayous and 

channels reaches about 4,000 ft3/sec (f 13 
rn3/sec). Based on -the 1941 through 1976 

Inflow records, It Is estimated that a 

med i an of three flood events wou I d be 

necessary to sufficiently Inundate the 

marsh complex with the same frequency which 

has occurred historically. The peak dis

charge of these flood events wou I d be about 
12,500 tt3/sec (354 m3/sec), and the 

total vo lume of frElshwater Inf low asso

ciated with each event approximately 

125,000 acre-feet (154 mil lion m3). 

A river inflow--sallnlty relationship 

was deve loped based on the Guada I u pe River 

flows at the V Ictorl a gag I ng station and 

San Antonio River flows at the Goliad gaging 

station for a salinity response In the 

middle of San Antonio Bay. Gaged freshwater 

Inflows to meet marsh Inundation and salin

Ity needs for the Subs Istence Alternative 

are estimated at 1.24 mil lion acre-feet 
(1.53 billion m3 ) per year from the 

Guadalupe River Basin, in addition to 250 
thousand acre-feet (308 mil lion m3 ) per 

year of ungaged i nf low from the bas I n, for 

this estuarine system (Table 5). The 

predicted total annual commercial fisheries 

harvest for the estuar'y under this Alterna

tive amounts to almost 2.09 million pounds 

(.948 million kg). The estimated annual 

Inflows to maintain commercial fishery 

harvests In the estuary (Harvest Maintenance 

Alternative) at no less than the average 

1962 through 1976 harvests total 1.62 

million acre-feet (2 .. 0 billion rn3), with 

an additional 317 thousand acre-feet (391 

million m3 ) needed from ungaged portions 

of the basin (Table 5). Approximately 2.37 

mi Ilion pounds (1.08 million kg) annually of 

finfish and shellfish commercial harvest In 

the estuary Is pred Icted under these 

freshwater Inflows. It Is also established 
that the Fisheries Harvest Enhancement 

Alternative objective of maximizing the 

shrimp production In the estuary requires 

vo I umes of water from the Guada I u pe River 

Basin equal to the annual Inflow limit set 

at the average annua I gaged i nf low for the 
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Table 5. Gaged River Inflow Needs of the Guadalupe Estuary Under 
Three Alternative Levels of Fisheries Productivity a/ 

Guadalupe River Basin b/ 
Fisheries Shrimp 

Ecosystem Harvest Harvest 
Subsistence c/ Maintenance d/ Enhancement e/ 

Gaged Gaged Gaged 
Month Flow Salinity Flow Salinity Flow Salinity 

(1000 (ppt) (1000 (ppt) (1000 (ppt) 
ac-ft) ac-ft) ac-ft) 

January 86.4 20.0 116.4 16.6 279.6 10.0 

February 96.2 18.0 136.9 13.5 196.8 10.0 

March 80.3 18.0 111.6 13.5 156.5 10.0 

April 134.1 15.0 162.2 13.3 152.4 13.8 

May 138.1 12.0 255.8 6.7 240.6 7.1 

June 104.0 12.9 193.5 7.9 182.1 8.3 

July 57.6 20.0 57.6 20.0 57.6 20.0 

August 80.6 20.0 80.6 20.0 80.6 20.0 

September 207.8 15.0 207.8 15.0 207.8 15.0 

CX::tober 104.0 14.7 104.0 14.7 118.1 13.1 

:tbvember 76.9 18.0 101.4 14.1 76.9 18.0 

U=cember 76.5 20.0 91.9 16.9 76.5 20.0 ---
Annual 1,240.7 1,619.7 1,825.5 

a/ All inflows are mean monthly values. 
b/ These values computed using regression equations relating monthly 

river basin inflow to the estuary with monthly gaged flows at 
USGS Stations on the Guadalupe River at Victoria and San Antonio 
River near Goliad. 

c/ The predicted annual commercial fisheries harvests for this 
Alternative are 104 thousand pounds of finfish and 1,983 thousand 
pounds of shellfish. 

d/ The predicted annual commercial fisheries harvests for this 
Alternative are 211 thousand pounds of finfish and 2,162 thousand 
pounds of shellfish. 

e/ The predicted annual commercial fisheries harvests for this 
Alternative are 110 thousand pounds of finfish and 2,162 thousand 
pounds of shellfish. 

35 



period 1941-1976. The gaged Inflow need Is 
approximately 1.8 million acre-feet (2.2 
billion m3) from the basin (Table 5), 

with the resulting estuarine annual 

commercial harvest of finfish and shellfish 

pred icted at 2.27 m I I I Ion pounds ,( 1.03 

mill ion kg). The un gaged Inf low is 
est imated at 353 thousand acre-feet (435 
million m3) annually from the Guadalupe 

River Bas in. Since the est Imated Inf low 
need equals the upper limit on Inflow 

analyzed In th Is study, It Is I ikely that 

additional freshwater Inflow (consistent 

with salinity and marsh inundation limits) 
w I I I increase the pred Icted shr imp 

harvest. 

The estimated annual gaged inflow need 

for Subsistence, Maintenance, and Enhance

ment A I ternat ives corresponds to 69, 90, 
and 101 percent, respect Ively, of the mean 

annual gaged Inflow from 1941 through 1976. 

The annual estimated need was less than the 

historical gaged Inflow In 14, 18 and 21 of 
the 36 years In the 1941 through 1976 

period for the above Alternatives, 

respect ive I y. 

Mission-Aransas Estuarine System 

The M Iss ion and Aransas River Bas Ins 
are the major river systems contr ibut ing 

freshwater Inflow into the Mission-Aransas 

estuary (Figure 9). The combined fresh

water inflow for the Mission-Aransas 

estuarine system averaged 386 thousand 

acre-feet (476 mil I ion m3) per year 

during the 1941 through 1976 period of 
record (Appendix I I I). Ungaged Inflows 

averaged 276 thousand acre-feet (340 
million m3) annually and gaged river 

Inf lows accounted for an average of 104 

thousand acre-feet (128 mil I ion m3) 
annually <Table I). 

The river deltas of the Mission and 

Aransas Rivers are of lim ited areal extent 

and, therefore, were not considered of 

suff ic lent sign If Icance to warrant exten

sive analysis to estimate freshwater needed 
for marsh Inundat ion. 

River Inflow-salinity relationships 

were deve loped based on the M iss Ion River 
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flows at Refugio, the most downstream 
gag I ng stat ion, for the sa lin Ity res ponse 
In upper Copano Bay. Est Imates for the 

gaged inf lows to susta In the des ired 

salinity limits for the Subsistence 

Alternative yields a 15.4 thousand acre
feet (19 million m3) annual gaged inflow 

volume (Table 6). The Inf lows needed 
annually, from the gaged portion of the 

Mission River (Table 6), to maintain the 
average 1962 through 1976 commercial 

fisheries harvests (F isheries Harvest 

Maintenance Alternative) for the combined 

Mission-Aransas and Nueces estuaries totals 
19.4 thousand acre-feet (24 mil I ion m3). 
For the Harvest Enhancement A Iternat ive, It 
is estab I ished that max 1m iz ing the f inf Ish 
production in the Mission-Aransas and 

Nueces es tua r I es req u I res vo I umes of water 
from the contributing areas of the estuary 
equal to the annual Inflow limit set at the 

average (1941-1976) annual inflows of 386 

thousand acre-feet (476 million m3) from 

the basin, with an annual gaged inflow need 
of 42.7 thousand acre-feet (53 m I I I Ion m3) 
from the Mission River basin (Table 6). 

Since the est imated freshwater Inf low need 

eq ua I s the upper I im it on inf I.ow, it Is 
likely that additional Inflow (cons Istent 

with salinity limits) will Increase the 

annual f Inf Ish harvest. 

The estimated annual gaged inflow 

needs from the M iss ion River Bas in for the 

Subsistence, Maintenance, and Enhancement 

Alternatives correspond to 18,23, and 51 

percent, respect ively, of the mean annual 
1941 through 1976 gaged f I ow from the 

bas In. In 29 of the 36 years from 1941 

through 1976, the h Istor ica I annua I gaged 
inflow exceeded the annual gaged Inflow 

needs of the first two Alternatives above, 

while in 21 of the years, the annual need 
for the Enhancement A Iternat ive was exceed

ed by the recorded gaged inflow. 

Nueces Estuarine System 

The Nueces River is the pr Imary source 
of fres hwater i nf low to the N ueces es tua ry 
(Figure 10). The combined gaged and 

ungaged freshwater Inflow for the Nueces 
estuarine system averaged 682 thousand 
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Table 6. Gaged River Inflow Needs of the Mission-Aransas EStuary 
Under Three Alternative Levels of Fisheries Productivity 
a/ 

Mission River Basin b7 
Fisheries Finfish 

Ecosystem Harvest Harvest 
Subsistence c/ Maintenance d/: Enhancement e/ 

Gaged Gaged Gaged 
Month Flow Salinity Flow Salinity Flow Salinity 

(1000 (ppt) (1000 (ppt) (1000 (ppt) 
ac-ft) ac-ft) ac-ft) 

January .7 16.0 .7 16.0 .7 16.0 

February 1.2 15.0 1.2 15.0 1.2 15.0 

March .9 15.0 .9 15.0 .9 15.0 

April 1.5 15.0 1.5 15.0 3.9 12.5 

May 2.9 12.0 2.9 12.0 9.9 8.1 

June 1.8 11.0 1.8 11.0 6.3 7.6 

July .8 15.0 2.8 10.0 2.8 10.0 

August .8 18.0 1.8 15.0 9.1 10.0 

September 1.9 14.0 1.9 14.0 1.9 14.0 

o::tober 1.2 13.0 1.2 13.0 1.2 13.0 

:tbvember .9 14.0 .9 14.0 1.9 10.0 

~cember .9 15.0 1.8 11.9 2.9 10.0 

Annual 15.5 19.4 42.7 

a7 All inflows are mean monthly values 
h/ These values computed using regression equations relating monthly 
- river basin inflow to the estuary with monthly gaged inflows at 

USGS Station on the Mission River at Refugio. 
c/ The predicted annual combined commercial fisheries harvests for the 
- Mission-Aransas and Nueces estuaries for this Alternative are 858 

thousand pounds of finfish and 2,937 thousand pounds of shellfish. 
d/ The predicted annual combined commercial fisheries harvests for the 
- Mission-Aransas and Nueces estuaries for this Alternative are 1,087 

thousand pounds of finfish and 3,143 thousand pounds of shellfish. 
e/ The predicted annual combined commercial fisheries harvests for the 
- Mission-Aransas and Nueces estuaries for this Alternative are 1,663 

thousand pounds of finfish and 3,683 thousand pounds of shellfish. 
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acre-feet (841 million rn3) per year 

during the 1941 through 1976 period of 

record (Append ix I I I). Ungaged i nf lows 

averaged 78 thousand acre-feet (96 mil lion 

m3 ) annually and gaged river Inflows 

accounted for an average of 575 thousand 

acre-feet (709 million m3 ) per year 

<Table I). 

The Nueces River de Ita Is a marsh 

complex containing approximately 9,500 

acres (5,000 hectares) of marsh between 

zero and five feet above mean sea leve I. 

The average "bank fu I I" capac I ty of the 

Nueces River Immediately downstream from 

the Calal len Diversion Dam (the last 

control structure above the river mouth) is 

about 5,000 ft3/sec (142 m3/sec). 

Based on the historic Inflow records, It Is 

estimated that a median of two flood events 

annually (one In May and one In September) 

Is necessary to suff iCiently inundate the 

deltaic marsh with historic frequency. 

Crest discharge of each May flood event 

would be about 8,500 ft3 sec (241 

m3/sec), with a total volume of fresh-

water Inflow of approximately 79,000 
acre-feet (97 million rn3). The 

peak discharge of the fal I flood event 

would be 11,000 ft3/sec (312 m3/sec), 
with a tot a I vo I ume of 139,000 acre-feet 
( I 7 I mil I Ion rn3). 

A river inflow-salinity relationship 

was deve loped based on the Nueces River 

flows recorded at the Mathis gaging station 

for the purpose of estimating salinity 

response in upper Nueces Bay. An annua I 
i nf low of 356 thousand acre-feet (439 

mi II ion rn3) per year of gaged inf lows is 

est Imated as needed to susta In Inundat ion 

processes and desired salinity regimes for 

this estuarine system (Subsistence 

Alternative) <Table 7). Based upon 

relationships derived between 1962 through 

1976 commercial fishery harvests and 

seasonal Inf lows, a 397 thousand acrefeet 
(490 mil I ion rn3) per year estimate of 

gaged Nueces River Inflows <Table 7) Is 

necessary to meet the objective of the 

Fisheries Harvest Maintenance Alternative 

of maintaining fishery harvests of the 

Nueces and Mission-Aransas estuaries at no 

I ess than mean h istor Ica I leve I s (1962-1976 
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period) as well as meeting sal inlty bounds 

and Inundation needs. It Is also estimated 

that the Fisher I es Harvest Enhancement 

Alternative objective of maximizing finfish 

product ion in the Nueces and M iss Ion

Aransas estuaries requires volumes of water 

from the N ueces Rive r Bas in eq ua I to the 

annua I Inf low set at the average 1941 

through 1976 annual Inflow of 604 thousand 
acre-feet (745 million rn3) from the 

basin, with the annual gaged Inflow from 
the bas In be Ing 550 thousand acre-feet (678 

million m3) <Table 7). Additional Inflow 

from the Nueces River Bas in might Increase 

the est imated f Inf Ish harvest (cons Istent 

with marsh Inundation and salinity limits); 

however, the quantity of Inflow that would 

maximize the finfish harvest has not been 

computed. 

The estimated gaged annual Inflow 

needs to the estuary from the Nueces River 

Basin for the three Alternatives (Sub

sistence, Maintenance, and Enhancement) 

cor res pond to I nf low rates eq ua I to 62, 69, 

and 96 percent, respectively, of the 1941 

through 1976 historical mean annual gaged 

inf low. In 17 of the 36 years from 1941 

through 1976, the recorded annual gaged 
Inf low exceed the gaged annua I Inf low need 

of the Subsistence Alternative; while In 15 

and 13 of the years In the same period, 

the annual gaged inflow was greater than the 

est imated need for the Ma Intenance and 

Enhancement Alternative, respectively. 

Comb I ned pred icted 

f inf Ish and shel If Ish 

annual commercial 

harves ts for the 

Nueces and M iss lon-Aransas estuar ies total 
about 3.8, 4.2. and 5.3 m III ion pounds 

(1.7, 1.9, and 2.4 million kg) under the 

monthly freshwater inf lows speclf led for 

the Subs istence, Maintenance and Enhance

ment Alternatives, respectively. 

Laguna Madre Estuarine System 

The Laguna Madre estuarine system 
(F igure 11) rece Ives freshwater inf low only 

from adjacent ungaged drainage areas. 

There are no major river basins which drain 

directly Into this vast lagoon, although 

the Rio Grande has limited Influence on the 



Table 7. Gaged River Inflow Needs of the Nueces Estuary Under Three 
Alternative Levels of Fisheries Productivity a/ 

Nueces River Basin b7 
Fisheries Finfish 

Ecosystem Harvest Harvest 
Subsistence c/ Maintenance d/: Enhancement e/ 

Gaged Gaged Gaged 
M:>nth Inflow Salinity Inflow Salinity Inflow Salinity . (1000) (ppt) (1000) (ppt) (1000) (ppt) . 

ac-ft) ac-ft) ac-ft) 

January 6.5 27.0 6.5 27.0 6.5 27.0 

February 7.2 26.0 7.2 26.0 7.2 26.0 

March 7.9 25.0 7.9 25.0 7.9 25.0 

April 21.5 20.0 21.5 20.0 21.5 20.0 

May 72.8 13.9 72.8 13.9 66.7 13.9 

June 30.5 14.0 30.5 14.0 50.1 12.3 

July 19.8 16.0 34.5 13.9 84.2 11.0 

August 12.2 20.0 20.4 16.9 50.6 12.5 

September 129.2 12.2 129.2 12.2 129.2 12.2 

O:::tober 30.8 15.0 30.8 15.0 30.8 15.0 

tbvember 11.2 18.0 27.2 12.2 42.9 10.0 

December 6.2 25.0 8.1 22.3 52.5 10.0 

Annual 355.8 396.6 550.1 

a7 All inflows are mean monthly values. 
h/ These values computed using regression equations relating monthly 

river basin inflow to the estuary with monthly gaged inflows at 
the USGS Station on the Mission River at Refugio. 

c/ The predicted annual combined commercial fisheries harvPBts for the 
Mission-Aransas and Nueces estuaries for this Alternative are 858 
thousand pounds of finfish and 2,937 thousand pounds of shellfish. 

d/ The predicted annual combined commercial fisheries harvests for 
the Mission-Aransas and Nueces estuaries for this Alternative are 
1,087 thousand pounds of finfish and 3,143 thousand pounds of 
shellfish. 

e/ The predicted annual combined commercial fisheries harvests for 
the Mission-Aransas and Nueces estuaries for this Alternative are 
1,663 thousand pounds of finfish and 3,683 thousand pounds of 
shellfish. 
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system. The Rio Grande provides some 

freshwater Indirectly through the passage 

of mixed river and Gulf waters into the 

estuary via Brazos Santiago Pass, and 

through the rout ing of excess floodwaters 

and municipal, agricultural, and manufac

turing wastewater discharges into the Rio 

Grande F loodway and the Arroyo Co lorado 

wh ich empty into the lower Laguna Madre. 

Nevertheless, the Laguna Madre estuarine 

system ranks first on the Texas Coast In 

annual finfish harvest. 

The combined freshwater inflow for the 

Laguna Madre estuary averaged 689 thousand 

acre-feet (850 mil lion m3) per year 

during the 1941 through 1976 period of 

record (Append ix I I I). Ungaged i nf lows 

averaged 308 thousand acre-feet (380 

million m3) annually and gaged inflows 

from San Fernando Creek, Los Olmos Creek, 

Arroyo Colorado, and the North Floodway 

averaged some 335 thousand acre-feet (413 

million m3) <Table 1). Ungaged return 

flows from municipal, manufacturing, and 

Irrigation purposes in the lower Rio Grande 

Va Iley averaged some 46 thousand acre-feet 

(56.7 million m3) annually of inflow 

contr i but ion. 

The river deltas in lower Laguna Madre 

and Baffin Bay are of limited areal extent 

and are thus not cons ide red of suff Ielent 

sign if icance to warrant extens ive analys is 

to estimate the freshwater needed for marsh 

i nundat ion. 

River Inf low-sal in Ity relat ionsh ips 

were deve loped based on the tota I gaged 

f lows of San Fernando (at AI ice) and Los 

Olmos Creeks (near Falfurrias) for the 

sal inity response in upper (western) Baffin 

Bay. Monthly relationships were also 

estimated for the gaged flow of the Arroyo 

Colorado and the sal in ity in lower Laguna 

Madre at the intersect ion of the Arroyo 

Colorado and the Gulf Intracoastal 
Waterway. Est imates for the annua I gaged 

inflows to sustain the desired salinity 

I imits for the Subsistence Alternative 

yield 4.2 thousand acre-feet (5.2 million 

m3) and 177.7 thousand acre-feet (219.2 

million m3) of gaged inflow into Baffin 

Bay and lower Laguna Madre, respect ively 

<Table 8). The Inflows needed annually 
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from the gaged port Ion of the dra Inage area 

of Baffin Bay and lower Laguna Madre (Table 

8) to rna inta In the average 1962 through 

1976 commercial fisheries harvest (Fish

eries Harvest Maintenance Alternative) 

totals 5.9 thousand acre-feet <7.3 million 

m3) and 278.8 thousand acre-feet (344 

million m3), respectively. For the 

Harvest Enhancement Alternat ive, It Is 

estimated that maximizing the flnf Ish 

commercial harvest in the Laguna Madre 

estuary req u I res vo I urnes of water from the 

contributing areas of the estuary equal to 

the annua I Inf low 11m It set at the average 
1941-1946 annual inf lows of 689 thousand 

acre-feet (850 million m3), with the 

annua I gaged Inf low need of 8.8 thousand 

acre-feet (10.9 million m3), from the 

Batt in Bay dra i nage ar"ea (Tab Ie 8) and 283 
thousand acre-feet (349 mil I Ion m3) from 

the lower Laguna Madre drainage basin. 

The est imated annua I gaged inf low needs 

from the Baf fin Bay dra i nage area for the 

Subs istence, Ma Intenance, and Enhancement 

A I ternat Ives corre.s pond to 20, 28, and 42 

percent, respect ively, of the mean annual 
1941 through 1976 gaged flow from the 

contributing area. In 18 of the 36 years 

from 1941 through 1976 the historical annual 

gaged i nf low exceeded the annua I gaged 

inflow needs of the fir"st Alternative above, 

wh ile in 17 and 15 of the years the annual 

needs for the Ma intenance and Enhancement 

Alternatives, respectively, were exceeded by 

the recorded gaged inflow. 

The estimated annual gaged Inflow needs 

from the lower Laguna Madre dra Inage area 

for the Subs istence, Maintenance, and 

Enhancement A Iternat ives correspond to 56, 

88, and 90 percent, respect Ively, of the 

mean annual 1941 through 1976 gaged flow 

from the contribut Ing bas in. In 16 of the 

36 years from 1941 through 1976 the 

historical annual gaged Inf low exceeded the 

annua I gaged Inf low needs of the last two 
Alternatives above, while in 23 of the 

years, the annual need for the Subsistence 

Alternative was exceeded by the recorded 

gaged Inf low. 

The predicted total annual commercial 

fisher I es harvests fc)r the Laguna Madre 

estuary amount to appr"oximately 9.8, 11.6, 
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Table 8. Gaged River Inflow Needs of the Laguna Madre Estuary Under '!hree Alternative Levels of Fisheries Productivity ~ 

Baffin Bay and Upper Laquna Madre b/ 
--~~--

Lower Laquna Madre c/ 
-- ------

Fisheries Finfish Fisheries Finfish 
Ecosystem Harvest Harvest Ecosystem Harvest Harvest 

Subsistence d/ Maintenance e/: Enhancement f/ Subsistence d/ Maintenance e/ Enhancement f/ 
Gaged Gaged Gaged Gaged Gaged Gaged 

M;)nth Inflow: Salinity Inflow : Salinity Inflow : Salinity Inflow : Salinity Inflow : Salinity Inflow: Salinity 
(1000 : (ppt) (1000 (ppt) (1000 : (ppt) (1000 (ppt) ( 1000 ~ (pot) ( 1000 : (ppt) 
ac-ft) : ac-ft) : ac-ft) : ac-ft) : ac-ft) : ac-ft) : 

January .13 33.0 .08 33.1 .13 33.0 10.35 42.0 10.35 42.0 26.15 26.2 
February .08 33.5 .11 35.0 .26 24.0 10.52 38.0 10.52 38.0 23.18 29.1 
March .25 29.0 .23 29.0 .07 29.0 11.55 40.0 11.55 40.0 18.93 31.0 
April .08 26.3 .39 18.7 .88 14.2 15.69 35.0 15.69 35.0 15.69 35.0 
May .48 28.0 1.29 18.8 2.74 13.9 16.54 34.0 16.54 34.0 16.54 34.0 
June .61 16.8 .55 13.7 1.24 10.0 16.40 33.0 23.38 29.2 16.40 33.0 
July .36 14.0 1.02 11.6 1.05 10.0 12.65 37.0 17.25 32.5 12.65 37.0 
August .58 14.0 .57 10.7 .78 10.0 10.99 39.0 19.86 32.7 10.99 39.0 
September .97 15.0 .97 15.0 .98 14.2 25.96 29.0 68.59 19.8 62.50 20.5 
October .16 13.0 .20 12.7 .41 11.5 19.48 31.0 57.50 19.3 52.40 20.1 
November .46 15.0 .42 15.0 .21 15.0 13.86 36.0 13.86 36.0 13.R6 36.0 
December .07 15.0 .11 15.0 .07 24.0 13.73 37.0 13.73 37.0 13.73 37.0 

Annual 4.23 5.94 8.82 177.72 278.83 283.01 

aj '!he upper and lower jX>rtions of the estuary are separated by the "land cut. n All inflows are mean rronthly values. 
- These values canputed using regression equations relating rronthly strean inflow to the upper estuary with total rronthly gaged 

flows at the USGS Stations on San Fernando Creek at Alice *08211900 and on Los Almas creek neat Falfurrias #08212400. Salinities 
are predicted values in west Baffin Bay. 

c/ '!hese values canputed using regression equations relating rronthly strean inflow to the lower estuary with total rronthly qaged 
- flows at the USGS Stations on the Arroyo Colorado near Harlingen #08470400 and on the North Floodway near Sebastian #08470200. 

Salinities are predicted values at the intersection of the Arroyo Colorado and the Gulf Intracoastal waterway. 
d/ '!he predicted annual ccmnercial fisheries harvest for this Alternative is 2,397 thousand p:>unds of finfish and 7,443 thousand 
- pounds of shellfish. 
e/ '!he predicted annual ccmnercial fisheries harvest for this Alternative is 2,728 thousand p:>unds of finfish and 8,505 thousand 
- pounds of shellfish. 
f/ '!he predicted annual ccmnercial fisheries harvest for this Alternative is 3,091 thousand p:>unds of finfish and 10,045 thousand 
- pounds of shellfish. 



and 13.1 million pounds (4.4,5.3, and 5.9 
mill Ion kg) for the freshwater I nf low needs 

specl f led for the Subs Istence, Maintenance 

and Enhancement A I ternat i ves, respect i ve I y. 
These harvest estimates Include the shrimp 

harvest from the adjacent offshore area 

(Gulf Area No. 21). 

Influence of Freshwater Inflow from Texas 

on Texas Offshore Shrimp Harvests 

The previous sections have described 

the responses of estuarine fisheries to the 
volume and seasonal timing of freshwater 

Inflows to seven major Texas estuaries. 
Although estuarine fisheries are environ

mentally and economically Important, the 

offshore fisheries harvests In the Gulf of 
Mexico yields more pounds annually of 
commercial catch than Inshore (estuarine) 

harvests. This Is particularly true with 

commercial 
percent of 

percent of 

shr I mp harvests since about 60 
the white shrimp landings and 95 

the brown and pink shr I mp 

landings made in Texas are contributed from 
areas In the adjacent Gulf of Mexico. 

Thus, It is Important to relate the quanti
ty of offshore fisheries production to 
seasonal freshwater Inflows. 

Eighteen years (1959-1976) of offshore 

shrimp harvest, offshore commercial fishing 
effort (number of fishing trips per year), 

and associated total gaged and ungaged 

freshwater Inflows to the major contri

buting estuaries were analyzed. Shrimp 
harvest and fishing effort data for the 
Texas Gulf Coast from ten miles west of 

Sabine Pass to the mouth of the Rio Grande 

are used. Seasonal Inflows to each estuary 

Include inflow from all contributing river 

and coastal 

the Inflows 
Lavaca-Tres 

dra i nage bas Ins. The sum of 

to the Trinity-San Jacinto, 

Palacios, Guadalupe, Mission 
Aransas, 
seasona I 
both the 

and Nueces estuaries produces a 

Inflow data base that reflects 
wet and dry c I Imat I c cyc les 

experienced 

estuary Is 
exh Iblts a 

by Texas. The Sabine-Neches 

om I tted since I t present I y 

low level of shrimp production 
and has an associated offshore fishing zone 

(Gulf Area No. 17) for which a Significant 

portion lies offshore from Louisiana, and 

45 

thus Is most likely Influenced significant

ly by Inflows from Louisiana. 

The analysis mentioned above results 

In a significant harvest relationship 

(eq uat Ion) for each of three shr Imp harvest 
components: ( I) wh I te shr Imp, (2) brown 

and pink shrimp, and (3) all shrimp. The 

best sign If Icant equation expla Ins 70 

percent of the annual variations In the 

harvests of al I shrimp. Shrimp harvests are 

found to Increase with Increases In fishing 
effort and spring (April-June) Inflow, and 

decreases wi th I ncreas I ng wi nter (January
March) and summer (JulyAugust) Inflows. 

Other seasona I I nf lows do not re I a te 
significantly to offshore shrimp harvests, 
except for autumn (SeptemberOctober) Inflow 

which is predicted to decrease the brown and 

pink shrimp harvest with Increasing inflow. 
Durl ng the 18 year I nterva I analyzed, the 

average annual harvest of white, brown, and 
pink shrimp In the Texas Gulf was 49.4 

million pounds, caught by an average 21,216 

fishing trips per year. Simi larly, the 

average inflow of correlating seasons was 

2.9 million acre-feet 0.6 billion m3) In 

winter, 4.2 million acre-feet (5.2 billion 
m3) In spr I ng, 1.3 m II Ii on acre-feet (1.6 
billion m3) in summer, and 2.0 million 
acre-feet (2.5 billion m3) In autumn. 

Late fal I (November-December) season Inflows 

averaged 1.7 million acre-feet (2.1 billion 

m3 ). 

Interpretation of Estimated Freshwater 

Inflow Needs 

Estimated freshwater Inflow needs 
given for selected major estuarl ne systems 
In this report are based on the quantity of 

river Inf lows from the drainage areas 

measured by streamgages necessary to: ( I ) 

inundate rlverl ne deltaic marsh complexes: 

(2) provide desirable salinity gradients In 
primary estuarine habitat regions; and (3) 
maintain or enhance fishery yields (Table 

9). Additional water Is also contributed 

from ungaged areas. The estimates are 
expressed In terms of the annual quantity 

of water pass Ing the most downstream river 

gagl ng station and are the quantities 

estimated to be needed to sustain, maintain 
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Table 9. Historical Gaged River Inflows, Corrrnercial Fisheries Harvests, Alternative Estimated Inflow Needs, and Estimated Corrrnercial Fisheries Harvests for Seven Major Texas Estuarine Systems 

Estuarine 
System 

(Arrounts are in thousands of acre-feet) 

Major 
River(s) 

Estimated 
Annual Gaged 

River Inflow Needs 

Average Annuiil - -Estimated Annual 
:Estuarine CoiTinercial Ccmnercial Harvest (1,000 Ibs) 

Harvest under Alternative 
(1962-1976) Inflow Needs 
(1,000 Ibs) Finfish Shellflsh 

Minimum 
Monthly and 

Minimum 
Annual Gaged 

Inflows 

Maxirm.nn 
Monthly and 

Maximum 
Annual Gaged 

Inflows 

Average 
Historic 

Gaged River 
Inflows 

1941-1976 ar:-b/-: <5/ FfnTlsh : Shenrrsli:=--ar--,-:=~ _ _cr-:--- N_-'-- -01 ,---(51 

Sabine-Neches Neches and 
Sabine 
Rivers 

Trinity-San 
Jacinto 

Trinity and 
San Jacinto 
Rivers 

Lavaca- Lavaca, 
Tres Palacios Navidad, and 

Colorado 
Rivers 

Guadalupe 

Mission
Aransas 

San Antonio and 
Guadalupe 
Rivers 

31 (Oct. 1956) 7,493 (May 1953) 
2,483 (1967) 24,202 (1946) 

13 (Oct. 1956) 4,788 (Apr. 1945) 
1,054 (1956) 15,305 (1973) 

16 (Nov. 1956) 1,102 (Jun. 1973) 
323 (1954) 2,655 (1960) 

6 (Jun. 1956) 1,546 (Sep. 1967) 
235 (1956) 4,584 (1973) 

0.1 (Dec. 1956) 458 (Sep. 1967) 
3 (1950) 524 (1967) 

10,677 5,686 31 31 20 

6,870 4,605 4,888 4,749 347 

1,893 1,229 ~ 1,886 ~1,889 ~ 300 

1,808 1,241 1,620 1,826 237 

104 16 Y 19 Y 

927 ij ij 31 ij ij ij 

18,588 91 501 556 414 21,369.9/ 21,326 g/ 21,368 91 

3,034 285 364 285 2,894 2,927 3,719 

2,162 104 211 110 1,983 2,162 2,162 

Mission and 
Aransas 
Rivers 

43 fJ 
869 !Y' 2,255 !Y' 858 !Y' 1,087 !Y' 1,663 !Y' 2,937 !Y' 3,143 !Y' 3, 683 !Y' 

Nueces 

Laguna Madre 

Nueces River 

Arroyo Colorado 
North Fl00dway 

° (Apr-. 1955) 
10 (1962) 

° (Aug. 1958) 
41 (1952) 

1,479 (Sep. 1967) 575 
2,537 (1971) 

898 (Oct. 1958) 335 
1,941 (1958) 

356 397 550 

182 285 292 2,204 8,512 jj 2,397 2,728 3,091 7,443 j/ 8,505 j/ 10,045 jj 

Annual Totals 22,262 13,315 9,095 9,349 3,977 35,478.9/jj 4,145 jj 4,946 jj 5,563 jj 36,626jjjj38,063jjjj40,977jjj/ 

a/ aased 00 -salinity and inundation needs. 
b/ Based on salinity and inundation needs and maintaining ccrrurercial fishery harvest levels at no less than llEan historical levels (1962-1976) for major 
- ccmnercial fisheries canponents in each estuary. 
c/ Based on salinity and marsh inundation needs, and enhancing a major ccrrurercial fisheries harvest category. 
d/ Monthly inflows needs could not be used with validity to predict fisheries harvests, thus freshwater inflows for the estuary could not be corrputed for 
- Al ternat i ves b/ and c/. 
e/ Includes the flow at-the Bay City streamgage that actually enters the estuary. The remaining p::>rtion of the gaged flow goes directly into the Gulf of 
- Mexico. 
f/ Gaged inflow need represents only gaged inflow of the Mission River, ;.hich averaged 84 thousand acre-feet over the 1941-1976 period. 
:9! Includes the estimated harvest of shrinp in Offshore Gulf Area No. 18. 
h/ Combines the harvest fran the Nueces and Mission-Aransas estuaries. 
T/ Does not include the Sabine-Neches estuary harvests, but includes with the Shellfish the estimated shrlinp harvest in Offshore Gulf Area No. 18. 
Y Includes historical or estimated harvest of shrinp in Offshore Gulf Area No. 21. 



or enhance the primary ecosystem habitat 
and fisheries productivity. However, Texas 

estuarine systems are dynamic and have 
historically received a wide range of fresh

water inflows from drought to wet or hurri

cane years. I n fact It is genera I Iy be
I ieved that a constant rate of freshwater 
I nf lows wou I d be detr imenta I to the es tua

r Ine organisms wh ich have adapted to the 
preva II Ing dynamic seasonal cycles. For 

this reason, the estimates of freshwater 

inflow requirements should be regarded as 
statistical long-term central tendencies of 

Inflows needed to maintain the estuarine 

systems. Major events, such as hurr icances 
and uncontrolled floods, will continue to 

p rov I de fres hwater I nf lows that may great I y 

exceed the estimated needs. 

The est Imated fres hwater i nf low needed 

for each of the A Iternat ives represent the 

long-term centra I tendenc I es In the Inf low 
needed to meet the stated objectives of 

each A I ternat ive. The exact spec i f Icat ion 

of th is centra I tendency Is open to inter
pretation. The long-term central tendency 

cou I d be viewed as an average, med ian 

( i. e., a cond It Ion exceeded one-ha I f of the 
time), or some other desired Inflow 

condition. The historic frequency of the 

i nf lows determ I ned under the three 

Alternatives has not been naturally 

satisfied on a uniform basis, either monthly 
or annually. In real ity, the biologic 

commun It ies In the estuar ies have had to 

adapt to natural hydrologic variations 
wh Ich have resulted In Intervals of fresh
water inflow significantly below the levels 

computed to be adequate to maintain the 
commun It les that Is, In some cases 
estuarine cqmmunlties have been depressed or 

even destroyed by extreme hydrologic 

conditions. 

Therefore, the question arises as to 

what statistical basis of frequency the 

freshwater Inflow exceeding the estimated 

need for an estuary should be provided. 

There Is no clearcut answer since it de
pends upon the cond It Ions des Ired In the 

estuary. Shou I d the month I y and seasona I 

freshwater inf low needs be def Ined as those 
q uant It ies to be exceeded on the average, 

then any period of Inflows having average 

monthly and seasonal levels greater than 
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those quantities would satisfy the estimated 
freshwater inflow needs. It might therefore 

be possible to physically retain water from 
the contr ibut ing bas Ins in months of excess 

and stili maintain the estimated levels of 

freshwater inf lows needed. However, such a 
po I Icy wou I d not on I y reduce the average 
estuarine Inflow but would most likely cause 

an Increase In the frequency of low Inflow 

events to an estuary. Thus, in so far as an 

estuary is concerned, droughts would be more 

extreme and of longer duration, as reflected 
by estuarine Inf lows, under th Is specif 1-
cat Ion of the needed leve I of fres hwater 

inflow than would have occurred hlstori
ca Ily. 

I f the est imated leve I of freshwater 

I nf low needs were req u I red to be met or 
exceeded 50 percent of the time (the 

median), then It would probably be neces
sary In many months to prov Ide addit lonal 
I nf low at leve I s greater than wou I d have 

occurred over a repetition of historical 

inflows. This condition would lead to 
enhancement of the estuary and wou I d pro

bably diminish the extent and the magnitude 
of drought events for the estuary but at the 

expense of upstream water needs of the 

State. 

Should It be des Ired that the fre

quency of meeting the freshwater inflow 
needs corresponds to the h Istor Ic freq uency 

of Inflow events, then any modification of 

the I nf lows wou I d req u I re that there be no 

greater freq uency of flows be I ow the fresh
water Inf low needs than observed over a 

des ignated period of years. Th is assumes 
that the operat ion of any new water re

sources proj ect for w Ithdrawa I of water In 

contr Ibut ing river bas Ins wou I d be eva I ua

ted under a repetition of the base period of 
hydrology, so that the difference between 

the Inflows would be due to the project 

alone. 

I t appears that the most sat Isfactory 

Interpretat Ion of the freshwater Inf low 
needs, with the view of ma Inta In Ing the 

existing marine organisms, would be to 

Interpret the freshwater needs as be Ing 
flows needed by the estuary with approxi

mately the same frequency as historically 
entered the estuary. Howeve r , a draw back 



to such an interpretation would be the 

possibility that the frequency of very low 

flows could be Increased by construction of 

a water deve lopment project, even though 
operation of the project might result In 

estuar ine 

freshwater 

inf lows exceed i ng the est Irtlated 

inflow needs with the same 

frequency as has occurred historically. 
Such a situation could be overcome by 

applying an additional qual ificatlon to the 

f req uency of the fres hwater i nf low needs, 

whereby the frequency of the very low 
inflows (such as those exceeded 90 percent 

of the time) be no less than that which has 

occurred over the historical period. 

Techniques for Meeting Freshwater 
I nf low Needs 

The freshwater inf lows needed to 
maintain an estuarine ecology can be 
prov ided from both unregu lated and regu la

ted sources. Estuar Ine inf lows from the 

runoff of uncontrolled dra Inage areas in 
the major river bas Ins downstream of the 

last streamgage and the coastal basins, and 

direct precipitation on the estuary will 

most likely continue in the future at 
historical levels, except in those areas 
where major water diversions or storage 

projects wil I be located. Inflows from the 
maj or contr I but I ng river bas ins, however, 

w III in some areas be subject to sign i

f icant a I terat ion due to man's act Iv It ies. 

A compilation and evaluation of existing 
permits, claims and certified filings on 

record at the Texas Department of Water 

Resources ind Icate that shou I d d Ivers Ions 

closely approach or equal rates and volumes 

presently authorized under existing permits 

and cia ims presently recogn Ized and uphel d 

by the Texas Water Commission, such diver

sions could equal or exceed the total 

annual runoff within several major river 

systems during some years, particularly 

dur i ng drought per lods. At the present 

time, tota I annua I water use (d I vers ions) 
does not yet approach author Ized divers ion 

levels In most river bas ins, as ev Idenced 
both mandatory and vo I untary comprehens ive 

water use reporting information systems 

adm In istered by the Department. However, 
with completion of major new surface-water 

development and del ivery systems, fresh-
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water inf lows to some bay systems may be 

reduced and/or po Ints of re-entry (In the 

form of return flows) may be significantly 

altered. 

Freshwater Inflow Management 

Freshwater runoff from the regu lated 

watersheds of the upstream river oos Ins may 
be managed in several ways to Insure the 

passage of necessary flows to the estuar

Ies. These Include the grant Ing of water 
rights for surface-water divers Ion and/or 
storage cons istent with the freshwater 

Inflow needs of the estuary. 

Water Rights AI location. The Implementation 
of act Ions to meet these freshwater Inf low 
needs Is subject to decisions of the Texas 

Water Commission, through the existing State 
water management program and could most 

easily be accomplished by evaluating future 
applications for the appropriation of State 

waters on the basis of their estimated 

effect on the Inflows to the estuaries 

during a specified base historic hydrologic 

period. Should a requested permit result in 

an estimated signif Icant depletion of 
Inflows, either on a monthly or an annual 

bas Is, to the estuary below the vo lume and 
frequency desired, then a permit which might 

be issued might be conditioned to comply 

with the estimated estuarine freshwater 

Inflow needs. Thus, the permit granting the 
storage and/or d Ivers ion of State waters 

might be issued only If It were consistent 

with the estimated freshwater inflow needs. 
Cumu I at ive dep I et Ions in streamf I ow occu r

ring through the granting of numerous 

individual permits could be taken Into 
account by modifying the historic hydrology 

to reflect permits currently In force. It 

might be appropriate to apply a "Grand

father" clause to all existing or permitted 
water diversion or storage rights since 

retroact Ive appllcat ion of act Ions to meet 
estimated freshwater Inflow needs would 

bring about conflict with legally valid 
contracts and commitments. However, al I 

future water rights requests could be 

assessed on the bas is of the Ir add it ional 
Impact on freshwater inf low to the estuary 

as is provided for In the Texas Water Code. 



Adjudication of surface-water rights 
In Texas Is an extremely important factor 
in address ing questions related to estua

rine maintenance, since adjudication re

I ates to the quant ity of water perm itted 

for divers ion and use for other purposes. 
In 1967, the Texas LegIslature enacted the 

Water RIghts Adjud icat Ion Act Sect ion 
11 .. 301 et seq. of the Texas Water Code. 

The declared purpose of the Act was to 

requ ire a recordat ion wIth the Texas Water 
Commission of claims of water rIghts which 

were unrecorded, to limit the exercise of 
those claims to actual use, and provide for 
the adjudication and administration of 

water rights. Pursuant to the Act, all 

persons wish ing to be recogn ized who were 

claiming water other than under permits or 

certified filings were requIred to file a 

claim with the CommIssion by September I, 
1969. Such a cia 1m is to be recogn ized 

only if valId under existing law and only 
to the extent of the maximum actual appli
cat ion of water for benef ic i a I use without 

waste dur ing any ca lendar year from 1963 to 

1967, inclus Ive. Riparian users were 

allowed to file an additIonal claim on or 

before July I, 1971 to establ Ish a right 

based on use from 1969 to 1970, inclus ive. 

The adjudication process is complex 

and lengthy, and in basin segments where 

prel iminary determinations are challenged 

is subject to fInal determination in the 

courts. Currently, the adjudication 
program in the State Is approx imatel y 83 

percent comp I ete and a I though the adj ud i ca

t ion program has been acce I erated, severa I 
years w I I I be req u I red to comp I ete the 
remaining unadjudlcated basins. 

Recogn It ion of the freshwater needs of 

the estuar I es. a I I ocat ion and poss Ib I Y 

ultimately a direct appropriation of State 
water to meet these needs, and equ Itable 

adjudicatIon of water rights and claims are 

intertwined--a fact which must be recognized 
by al I those involved In IdentifyIng coastal 
Issues and resolving coastal problems. 

Operat ion of Upstream Reservo irs in Con
tr ibut ing Bas ins. The control of surface

waters through impoundment and re I ease from 

49 

large storage reservoirs Is a potential 
source of supplementary waters for the Texas 
estuaries. Increased attention should be 

given to the possibll itles of providing 

storage capac ity in future reservo I r pro

jects specIfically for al location to estua

rine inflows, with releases timed t? provide 

the most benefit to the estuary. Develop

ment of new Inst Itut lonal arrangements 
whereby repayment criteria for such al lo
cated storage are determ Ined and assocIated 

costs repa Id w I I I be necessary. Potent lal 

transbasln diversIons to convey "surplus" 

freshwater from "water-r ich" hydrologic 
systems to water-def lelent estuaries will 
also have to be stud ied and costs wll I have 

to be computed. Addlt lonally, structural 
measures and channel modificatIons which 

might enhance marsh inundatIon processes 

using less freshwater wil I have to be 
eva luated. These are al I a part of the 
continuing planning process to meet the 

present and future water needs of Texas. 

ElImination of Water Pollutants 

The presence of toxic pollutants In 
fres hwater i nf lows ca n have a detr Imenta I 

effect upon productivity of an estuarine 

ecosystem by surpressing bIologIcal acti

vity. HIstorically, pollutants have been 

discharged Into rivers and streams and have 

loca I Iy contam Inated some areas of the 
coastal estuaries. Imposition of wastewater 

discharge and streamflow water qualIty 
standards by State and Federal agencIes has 
had and wi I I cont inue to have a sIgn If Icant 

impact in reducing pollutants enterIng 
estuarIne waters. Presence of toxic pollu

tants In Texas estuarIes will continue for 

the foreseeable future in some areas as 
compounds prev iousl y depos Ited in sed Iments 

become resuspended In the water column when 

hurr icanes or severe storms cause abnorma I Iy 
strong currents. This report does not 
inc lude a comprehens ive assessment of water 

pol lut ion problems in Texas estuaries, as 

other ongo i ng programs of the Department of 

Water Resources address such problems and 

the resu Its of such ef forts can be used 

along with the results of these stud les In 

administering Texas water resources. 



Land Management 

The uses of watershed areas are of 

part icu lar Importance to the contr ibut Ion 
of nutrient materials from the land areas 

surrounding Texas estuaries. In coastal 
areas, significant contributions of 

nutrients are provided to the estuary by 

direct runoff. Removal of marsh grasses in 
coasta I areas through overgraz I ng and 

through dra inage improvement pract ices is 

currently taking place, particularly on the 

upper Texas coast, and may result in 

substantial reductions in the volume of 

nutrients contributed to the estuaries. 
Th Is report does not cons ider land manage
ment techn iques in deta i I, although land 

management is an a I ternat ive techn Iq ue in 

coastal zone management planning. 
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WATER CODE-BAYS AND ESTUARIES-ECOLOGICAL 
ENVIRONMENT 

CHAPTER 344 

S. B. No. 137 

An Act amending the Water Code as follows: declaring as public policy of the 
state the maintenance of the ecological environment of the bays and estuaries 
in the conservation and development of the state's natural resources; dl. 
recting the Texas Water Rights Commission in the consideration of any 
permit to store, take, or divert water to assess the effects thereof upon the 
bays and estuaries of Texas; directing the Texas Water Development Board 
to investigate the effects of fresh water inflows upon bays and estuaries of 
Texas and to complete comprehensive studies regarding the development of 
methods of providing and maintaining the ecological environment thereof; 
directing the Texas Water Rights Commission, the Texas Water Quality 
Board, the General Land Office, the Park. and Wildlife Department, and the 
Coastal and Marine Council to assist and cooperate in the conduct of such 
studies and investigations; repealing laws In conflict; making approprla. 
tions; and declaring an emergency. 

Be it enacted by the Legislature of the State of Tc.ms: 
Section 1. Section 1.003 of Chapter I, Water Code, is amended 16 to 

read as follows: 
"Sec. 1.003. Public Policy 
"It is the public policy of the state to provicie for the conservation and 

development of the state's natural resources, including: 
"(1) the control, stol'age, preservation, and distribution of the 

state's storm and floodwaters and the waters of its.rivers and streams 
for irrigation, power, and other useful purposes; 

"(2) the reclamation and irrigation of the state's arid, semiarid, 
and other land needing il'l'igation ; 

"(3) the reclamation and drainage of the state's overflowed land 
and other land needing drainage; 

"(4) the conservation and development of its forest, water, and 
hydroelectric power; 
. "(5) the navigation of t.he state's inland and coastal waters; and 

"(6) the maintenance of a proper ecological environment of the 
bays and estuaries of Texas and the health of related living marine 
resources." 

Sec. 2. Subchapter D of Chapfer 5, Water Code, as amended, is amend
ed by adding 17 S('ction 5.145 to read as follows: 

"Sec. 5.145. Effects of Pl'rmit on Bays and Estuaries 
"In its consideration of an ap!Jlication for a permit to store, take, or 

divert water, the commi>:sion shall assess the effects, if any, of the issu
ance of such permit upon the bays and estuaries of Texas." 

Sec. 3. Section 11.()(;2 of Chapter 11, Water Code, as amended, is 
amended IS to read as follows: 

"Sec. 11.062. Studies, Investigations, Surveys 
"(a) The staff shall make studies, investigations, and surveys of the 

occurrence, quantity, quality, and availability of the surfacf> water and 
groundwater of this state. For these purposes the staff shall collect, 
receive, analyze, and process basic data concerning the water resources of 
the state. 

16. V.T.<'.A. Watel' <'<'<Ie. ~ 1.0U:l. 18. V.T.C.,\. \Vater COIle, § I t.062. 
17. V.T.C.A. 'VEtter Code. § 5.145. 
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H (b) The staff shall: 
H(I) determine suitable locations for future water facilities in

cluding reservoir siteR; 
H(2) locate land beRt Ruited for irrigation; 
H(3) make estimates of the cost of proposed irrigation works and 

the improvement of reRervoir Rites; 
H( 4) examine and survey reRervoir sites; and 
H(5) investigate the effects of freRh water inflows upon the bays 

and estuaries of TexaR. 
H(C) The Rtaff shall kel'p full and proper records of its work, observa

tions, data, and calculations, all of which are the property of the state. 
"Cd) In performing its duties under this section, the staff shall assist 

the commission in carrying out the purposes and policies stated in Sec
tion 6.054 of this code." 

Sec. 4. Subchapter D of Chapter 11, Water Code, as amended, is 
amended by adding 19 Section 11.108. 

"Sec. 11.108. Studies of Bays and Estuaries 
HThe board shall carry out comprehensive studies of the effects of 

freRh water inflows upon the bays and estuaries of Texas, which studies 
shall include the development of methods of providing and maintaining 
the ecological environment thereof suitable to their living marine re
sources. The studies shall be completed and the results publiRhed by De
cember :31, 1979. The Texas Water Rights Commission, the Texas Water 
quality Board, the General Land Office, the Parks and Wildlife Depart
ment, and the Texas Coastal and Marine Council are authorized and di
rected to assist and cooperate in all possible ways with the board in this 
undertaking." 

Sec. 5. 20 There is hereby appropriated to the Texas Water Develop
ment Board $250.000 for fiscal year 1976 and any unexpended balances 
for fiscal year 1977 in addition to fundR appropriated to the board in the 
General Appropriations Act for bay and estuary studies and fresh water 
inflow needs of those sYRtems. 

See. G.~O Any law in conflict with the provisions of this Act is spe
cifically repealed to the extent the Rame is in conflict. 

Sec. 7. The fact that the absence of regulatory authority over the 
quantities of fresh water inflows into the baYR and estuaries of Texas 
has the pOSRibility of degradation of the ecological environment creates 
an emergency and an imperativl' public neceRsity that the constitutional 
rule 1'('quirin~ bills to be 1'('ad on thl'pe ~epal'ate daYR in each house be 
suspended, and this rull' is hereby suspended, and that this Act take effect 
and be in force from and after its pa;;;sa~l', and it is so enacted. 

Passed the spnate on March 25, 1D75. by a vi\'a-voce \'ote; May 30,1975, 
senate refuRed to concur in house amendmentR and requested ap
pointment of Conference Committee; May 31, 1975, house granted 
request of the senate; June 2. J ~17f). senate adopted Conference Re
port: Yeas 31. NaYR 0; paRRl'd .';!Ihject to the provisions of Article 
III, Section 49a of the constitutioll; passed the house, with amend
ments, on May 29, 1975: Yea;;; 136. Nays 5, 6 present not voting; 
May 31, 1975, house granted request of the senate for appointment of 
Conference Committee; June 2, 1975, house adopted Conference 
Report: Yeas 118, Nays 15, 2 present not voting; passed subject to 
the provisions of Article III, Section 49a of the constitution. 

Approved June 19, 1975. 
Effective June 19, 1975. 

19. V.T.C.A. Water Code. § 11.108. 20. V.T.C.A. Water Code. § 11.108 note. 
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APPENDIX II 

Schanatic Diagram of ~tlx>dology for 
Estimating Estuarine Freshwater Inflows 
Needed to ~t Specific Objectives 
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APPENDIX III 

Ccxnbined Inflow Hydrographs and 
Monthly Inflow Frequency Distribution 

for the Seven Estuaries. 
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Figure 111-1. Combined Monthly Inflow to the Sabine-Neches Estuary, 1941-1976 
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,-.. 
L 
o 
CD 
>-

" -CD 
CD .... 
I 
CD 
L 
(,) 

,:t-
O ..-
'-'" 

~ 
o 

450,---------------------------------------------------------------~ 

400 ........ . 

350 

AVO • AVERAGE MONTHLY I NF'LOW 

D 10 pet. PROBABILITY OF' EXCEEDANCE o 50 pe to PROBAB I L I TY OF EXCEEDANCE .................................... _ .................. . 

~ to pc t. PROBAB I L I TY OF' EXCEEDANCE 

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

300 .................................................................................................................. . 

250 ..................................... ........ .............................. ........ . .......................... . 

;;:: 200 ............................................................................................................ . 
C 

'"0 
CD 
C 

~ 
E 150 
o 
o 

100 - ...... ··········· .. ·········· ...... ····i~~~G:· ....... . 
I I 

I : : -~'{q, 

I 
I 
I 
I 
I 
I 
I 
I 

AVG 

................... j ....... . 

I 

I AVG 1 ___ -

1 
I 
I 
I 

I 
I 
I 

I AVG 1 ___ -

,----.....,1 
1 
I 
I 50 ······ .. ····· .. · .. ·· .. ·········· .. ·····1········ ......................... I···· .. ·· ......................... . 

'-----'1 I AVG I I 
I ---- I AVG 

AVG }.'j(}_I_~'{q, _~V.9_ IV 11/ !j/I !j/I !j/II --- : 
1~~~~/~II~~~/~~/~/~~'i,~~~~~I/~//~/'l~~~~~~1~ti~~/~//~/~~~~q 

O~ 

Ian feb ma r ap r may I un I u I 
Month 

aug sap oct nov 

Figure 111-12. Monthly Distribution of Combined Inflow,! 
Nueces Estuary, 1941-1976 

III-14 

dec 



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

2500 

2250 

2000 

'"' l-
I.&.. 
I 

U 1750 < 
0 
0 
0 ..... 

1500 ~ 

~ 
0 

;;:: 

I 
I 

I 

I 
I 

I 

C 
H 1250 
H >. H 
"I ..c: 
I-' .... I 
U1 C 1000 0 

::=E 

-0 
Q) 
c 

750 
.Jl 

E 
0 

U 

500 
I 

I 

250 

o h WtJ~.M. JW~ A~ UL~~~ ~ ~ ~ J\A.~L lJlJL JlLA WU~ ~ 
41 42 .43 44 45 46 4"7 48 4"9 5"0 51 52 53 54 55 5"6 57 58 59 60 61 62 6"3 64 65 66 67 68 69 70 71 72 73 74 75 76 77 

YEAR 

Figure 111-13. Combined Monthly Inflow to the Laguna Madre Estuary, 1941-1976 



...... 
~ 

a 
CD 
>-

"'" -CD 
CD .... 
I 
CD 

900,-------------------------------------------------------__________ -, 

800 ......... 

700 

AVG = AVERAGE MONTHlY I NrLOW 

D 10 pet. PROBABILITY or EXCEEDANCE 

o 50 pet. PROBABILITY or EXCEEDANCE 

~ 90 pet. PROBABILITY or EXCEEDANCE 

I Combined Inflow - (gagad inflow) + (ungagad inflow) + 
(return flows from ungaged areas)-(diversions below 
lalt gage) • 

600 ...................................................................................................................... . 

~ 500 ..................................................................................................................... . 
o 

",< 
o .... --
~ 
o 

:;:: '"'00 ..................................................................................................................... . 
c: 

"0 
CD 
c: 

..0 E 300 ...................................................................................................................... . 
o 

U 

200 ...................................................................................................................... . 

: ~y'G I 

100 ............................................................................... 1 ............... ····1··················· 
I 

jan feb mar apr may jun jul aug sep 
Month 

Figure 111-14. Monthly Distribution of Combined Inflow,' 
Laguna Madre Estuary, 1941-1976 

III-16 

oct nov dec 



APPENDIX IV 

Glossa.:ty of Tenns 





ABIOI'IC 

ALGAE 

AU'IOTROPHIC 

BACTERIA 

BAY 

BIOMASS 

BIOI'A 

BIOI'IC 

DETRITUS 

ECOSYSTEM 

ESTUARY 

FOOD CHAIN 

FUNGI 

GAGED INFL(X.V 

HERBIVORE 

HETEROTROPHIC 

HYPERSALINE 

referring to something not living. 

primitive aquatic plants varying fran unicellular to large 
multicellular seaweeds lacking vascular tissue. 

referring to an organism able to synthesize the nutrients it 
requires from inorganic components (i.e., a primary 
producer) • 

unicelular organisms lacking chlorophyll a closely allied to 
the fungi. 

a wide recess in the shore formed by the sea or by a lake. 

the total biota of a particular region or habitat. 

all living organisms, plant and animal of a region. 

referring to living organisms. 

all the particulate organic matter involved in the de
composition of dead organisms. 

an interacting, self-sustaining, natural system of living 
organisms and of a chemical-physical can};X)nent; the basic 
functional unit in ecology. The ecosystem is canprised of 
inorganic and organic substances, a climatic regime, 
producers and consumers. 

a broad, brackish :pJrtion of a low river course \\here the 
tide meets the downstream current, and mixing of salt and 
fresh waters occur. 

the scheme of feeding relationships connecting the species 
of a community; of two basic types - a grazing food chain 
from a green plant to grazing hebivores and to carnivores, 
and a detritus food chain from dead organic matter to 
microorganisms and to detritus-feeding organisms and their 
predators; there are seldom rrore than six chain links 
because of large :pJtential energy losses as heat at each 
stage. 

plant organisms lacking photosynthetic pigments and thus 
unable to produce their own food. 

freshwater flowing into an estuary that originates in a 
drainage area whose runoff is measured at a streamgage. 

an animal that feeds chiefly on plants. 

referring to an organism unable to manufacture organic 
compounds. 

salinity significantly in excess of seawater salinity (35 
parts per thousand). 
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LIFE CYCLE 

MARSH 

NEK'ION 

NUTRIENTS 

OMNIVORE 

PHY'IOPIANK'ION 

RETURN FLCmS 

TROPHIC LEVEL 

UNGAGED INFLCm 

ZOOPLANKTON 

the sequence of phases in the growth and development of an 
organism. 

an unwooded wet area, \\here the water level approximates the 
low shoreline of a bog or pond, supporting a dense 
vegetation of grasses. 

swilnming animals able to direct their own movements against 
marine currents. 

materials that are vital to the maintenance of living 
organisms. 

an animal that feeds both on plants and animals. 

minute floating plants (e.g., diatoms, dinoflagellates, 
coccolithophores). 

wastewater discharged by man. 

a means of classifying organisms \\hose food is obtained by 
one or rrore steps (e.g., a herbivore occupies a second 
level, the primary consumer level). 

freshwater enter ing an estuary that is not measured by a 
streamgage. 

a feebly swimming and free floating heterotrophic aquatic 
animal. 
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Table V-I. Estimated Annual Sport Fishing Visitation to the Texas Bay and 
Estuarine Systems al 

Season bl Peat Wade-~ank Pier ~tal - All Strata 

thousands of people 

Fall cl 110.1 142.8 32.8 285.7 
(2.58) (2.02) (1. 27) (2.00) 

Winter 46.0 73.3 8.8 128.1 
(2.31) (1.91) (2.03) (2.06) 

Spring 92.0 156.0 42.7 290.7 
(2.51) (2.20) (2.23) (2.30) 

Summer 156.6 190.6 71.3 418.5 
(2.68) (2.27) (2.48) (2.39) 

'Ibtal All 404.7 562.7 155.6 1,123.0 
Seasons (2.57) (2.14) (1.92) (2.24 ) 

al Nueces and Mission-Aransas (1976-i977), Lavaca-Tres Palacios (1975-1976), 
Sabine-Neches (1975-1976), Trinity-San Jacinto (1976-1977), Guadalupe 
(1976-1977), and Laguna Madre (1976-1977) 

bl Fall = September, CCtober, and rbvember 
Winter = December, January, and February 
Spring = March, April, and May 
Summer = June, July, and August 

cl The figures in parentheses indicate the average number of fishermen per 
party for the respective fishing type and quarter. 
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Table V-2. Esthnated Annual Sport Fishing Expenditures by Season and Fishing 
Party Type 

Season al Peat Wade-Bank Pier 

thousands of 1976 dollars bl 

Fall 4,572.9 5,859.0 1,248.3 

Winter 1,888.8 2,435.5 266.3 

Spring 3,450.9 5,533.7 1,691.6 

Summer 6,060.5 6,512.5 3,101.4 

'lbtal 15,973.1 20,340.7 6,307.6 

al Fall = September, O:::tober, and November 
Winter = December, January, and February 
Spring = March, April, and May 
Summer = June, July, and August 

'lbtal Percent 

11,680.2 27.2 

4,590.6 10.7 

10,676.2 24.8 

15,674.4 37.3 

42,621.4 100.0 

bl 1975 expenditures for the Lavaca-Tres Palacios and Sabine-Neches estuaries 
have been converted to 1976 dollars. 
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Table V-3. Direct and Total a/ Economic Impact from Sport Fishing Expendi-

OUtput 
(thousands) 

Employment 
(Man-Years) 

Income 
(thousands) 

State Tax 
Revenues 
(thousands) 

local Tax 
Revenues 
( thousands) 

tures b/ -

Direct c/ 

Regional 

$38,221.6 

2,312 

13,537.6 

. . State 

$42,621.4 

2,697 

15,732.0 

332.4 

479.0 

'Ibta1 

Regional State d/ 

$78,987.9 $137,658.1 

3,201 4,581 

23,560.4 39,107.6 

804.4 1,410.5 

1,375.3 2,170.0 

s( Total = direct expenditures plus the indirect and induced multiplier 
impacts. 

b/ Values in 1976 dollars. 
c/ Direct impacts for the regions and state differ due to the travel 

expenditure adjustment. They represent the gross receipts by sport 
fishing industries. 

d/ Statewide expenditures include the regional impacts. 
Data not available. 
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Table V-4. Annual Direct and Total al Economic Impact of Camnerci.al Fishing 
from the Texas Bay and Estuarine Systems bl 

Output 
(l,OOO's 1976 $) 

Employment 
(Man-Years) 

Income 
(l,OOO's 1976 $) 

State Tax Revenues 
(l,OOO's 1976 $) 

Local Tax Revenues 
(l,OOO's 1976 $) 

Fishing 
Sector 

133,610.6 

4,865 

44,639.3 

507.7 

601.2 

Regional 

261,322.6 

8,215 

96,532.6 

2,414.4 

4,208.9 

a/ Total - direct, fndirect and induced 

Total 

State 

416,186.9 

10,339 

114,455.1 

3,781.2 

5,251.0 

bl Nueces and Mission-Aransas, Lavaca-Tres Palacios, Sabine-Neches, Trinity, 
San Jacinto, Guadalupe, and Laguna Madre. The commercial fish catch data 
are based on averages for the period 1972 through 1976. 
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Table V-5. POpulation Estimates and Projections 

---------:----------:------------:-- -----:---------:------:-19/0-2000 1970"":2-0:m 
Annual % Annual % 

Estuary 1970 1975 1980 1990 2000 2010 2020 2030 Change Change 

-------------~--------;---------~;----------:----------~-------~-----------~----------~--------:--------------~--------

Sabine-Neches 317,572 320,400 329,300 342,300 359,600 385,200 426,200 485,900 0.4 0.7 
Annual % Change 0.2 0.5 0.4 0.5 0.7 1.0 1.3 

Trinity-San Jacinto 2,032,223 2,279,400 2,594,500 3,181,300 3,849,600 4,578,000 5,415,700 6,386,800 2.2 1.9 
Annual % Change 2.3 2.6 2.1 1.9 1. 7 1. 7 1. 7 

Lavaca-Tres Palacios 112,485 117,100 123,700 137,200 152,600 171,700 198,600 236,000 1.0 1.2 
Annual % Change O. 8 1.1 1. 0 1.1 1. 2 1. 5 1. 7 

Guadalupe 89,993 95,200 102,600 117,700 134,700 155,200 182,900 219,800 1.4 1.5 
Annual % Change 1.1 1.5 1.4 1.4 1.4 1. 7 1.9 

Nueces and 
Mission-Aransas 303,228 317,300 335,700 369,500 409,900 469,500 558,900 693,600 1.0 1.4 
Annual % Change 0.9 1.1 1.0 1.0 1.4 1.8 2.2 

Laguna Madre 189,782 219,000 252,000 304,200 364,200 441,600 528,900 623,100 2.2 2.0 
<: Annual % Change 2.9 2.8 1.9 1.8 1.9 1.8 1. 7 
I 
~ Area Tbtal a/ 2,995,290 3,253,200 3,635,200 4,334,500 5,135,900 6,046,000 7,128,300 8,425,400 1.9 1.8 

Annual % change 1.9 2.2 1.8 1. 7 1.6 1. 7 1. 7 

State Tbtal 11,198,655 12,193,200 13,393,100 15,593,700 18,270,700 21,540,600 25,548,400 30,464,900 1.6 1.7 
Annual % Change 1. 7 1.9 1.5 1.6 1. 7 1. 7 1.8 

-aF The--rn<flvf<fual-estuaryf"lgures-WlrCoot-cidd to-fheareaTota:fsslnce-S<:ire-coastar-countles-areln-riDreThanone-ofThe-estuarmestudy-----
- areas. The area totals are the sum of the population estimates and ~ojections for the individual counties, and do not double count the 

population of counties in more than one estuarine area. See Figure V-1. 



Table V-6. Employment by Industrial Sector - 1970 

-T9'70-------------------------
----------~--~---: rercent 

: of 'Ibtal 
Sector : Employment 

Trinity- Lavaca-Tres Nueces and Laguna of Study 
Sabine-Neches San Jacinto Palacios ~uadalupe Mission-Aransas Madre Total a/ Area -----------_._--

Wholesale and 23,227 182,446 8,289 7,022 23,525 12,974 250,641 22.1 
Retail Trade 

Manufacturing 34,152 168,481 6,474 5,278 11,284 5,538 225,929 20.0 

Professional Services 18,097 134,513 6,307 4,923 17,081 10,602 186,600 16.5 

Construction 8,907 75,548 3,815 2,855 9,241 3,912 101,423 9.0 

Agriculture, Forestry, 1,230 8,761 3,267 1,970 4,488 6,994 24,740 2.2 
and Fisheries 

Mining 2,244 22,192 2,254 1,630 4,782 582 32,054 2.8 

<: 
Civilian Government 3,641 29,464 1,237 1,058 8,345 3,042 45,729 4.0 

I 
Amusement and 608 6,377 239 00 242 729 407 8,360 0.7 

Recreation 

All other 22,170 193,080 7,517 6,529 23,093 10,249 256,109 22.7 

'Ibtal 114,276 820,862 39,399 31,507 102,568 54,300 1,131,405 100.0 

EI -The indi vidual-estuciry-Hgures -wffr-iiOt-adcfToThe-sector-totals -slnce-sorreooastaC count iesare Tnrrore-thai1-
one of the estuarine study areas. The sector totals are the sum of the employment estimates nor the individual 
counties, and do not double count the employment of counties in IIDre than one estuarine area. See Figure V-l • 



Table V-7. Earnings by Industrial Sector - 1970 ($1000 - 1967) 

1970 
------~- --.-- ._----- ----------------~- -------------- ----

: Percent 
of 'Ibtal 

Sector Earnings 
Trin ity- Lavaca-Tres Nueces and Laguna of Study 

Sabine-Neches San Jacinto Palacios Guadalupe Mission-Aransas Madre Total a/ Area 

Wholesale and 123,041 1,278,019 40,823 36,077 135,879 56,191 1,633,953 19.1 
Retail Trade 

Manufacturing 396,716 1,495,264 56,978 54,680 98,439 31,154 2,078,551 24.3 

Professional Services 70,276 620,975 20,106 16,383 58,159 26,767 796,283 9.3 

Construction 72,581 642,310 19,969 15,983 53,267 14,666 802,793 9.4 

Agriculture, Forestry, 10,444 46,246 19,192 16,037 39,302 39.236 154,420 1.8 
and Fisheries 

Mining 4,284 305,741 15,793 10,400 39,881 3,509 369,208 4.3 

Civilian Government 90,927 684,847 17,218 15,298 149,215 58,381 1,000,588 11.7 
<: 
I Amusement and 1,972 32,899 724 744 2,749 1,245 39.589 0.5 1.0 

Recreation 

All Other 154,668 1,330,801 33,235 29,422 122,379 40,920 1,682,003 19.8 

'Ibtal 924,909 6,437,102 224,038 195,024 699,270 272,069 8,557,388 100.0 

#' TheindTvidual--estuary-ffgures-wfll-oot add'-to--th-e-sector-totals-since-sa;e-roastal-C"Omties -are-fnmrethan 
one of the estuarine study areas. The sector totals are the sum of the earnings estimates fbr the individual 
counties, and do not double count the earnings of counties in IOCJre than one estuarine area. See Figure V-l. 
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FUNDAMENTAL RELATIONSHIPS BETWEEN 

ESTUARINE 
SYSTEMS AND FRESHWATER INFLOW 

Introduction 

Environments of Texas estuarine 

systems vary widely. Natural and man-made 

changes in the estuaries, as well as in the 

influencing river basins, have molded and 

shaped the un I q ue env I ronmenta I character-

1st i cs of each system to vary I ng degrees. 

Furthermore, the wide variability of 

environmental stresses which can be 

tolerated by Texas estuarl ne systems makes 

It difficult to segregate natural from 
man-made pressures and their effects on the 

estuaries. 

The most severe drought on record 

occurred In the 1950's, creating harsh con

ditions In both inland and coastal environ

ments of Texas. Water qua I I ty cond I t Ions 

In many estuaries exceeded environmental 

limits of many estuarlnedependent 

organisms. Documented reports Indicate 

that I n some bays the sa I I nit i es exceeded 

the average Gulf salinity by 40 percent due 

to low freshwater Inflows and high evapora

tion rates. Simi lar estuarine conditions 

occurred during a less severe Texas drought 

In the early 1960's. Nevertheless, 

estuarine biological productivity recovered 

rapidly In the years following both drought 

periods. 

Fundamental to these discussions Is 

the concept of seasonal dynamics; that Is, 

the environmental needs of an estuarine 

ecosystem are not static annual needs. In 

fact, dynam I c eq u I I I br I um about the pro

duct I ve range I s both rea I I st I c and des I r-

able for an estuarine environment. 

However, extended periods of inflow 

conditions which consistently fal I below 

ma I ntenance leve I s can lead to a degraded 

estuarine environment, loss of Important 

"nursery" functions for estuarine-dependent 

fish and shellfish, and a reduction In the 

potential for assimilation of organic and 

n utr I t I ve wastes. Dur I ng past droughts, 

Texas estuaries severely decl I ned In their 

fisheries production and began to take on 

characteristics of marl ne lagoons, Includ-
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I ng the presence of starf I sh and sea urch In 

popUlations. 

Physical and Chemical Factors 

Hydrology 

A primary factor distinguishing an 

estuary from a strictly marine environment 

Is the Input of freshwater from various 

sources. Sources of freshwater I nf low to 

Texas estuaries Include: (I) gaged Inflow 

(as measured at the most downstream f I ow 
gage ~ of each river system and 

Includes wastewater discharges (return 

flows) , reservo I r sp I I I sand re I eases, and 

unregulated runoff), (2) ungaged runoff, 

and (3) direct precipitation on the 

estuary's surface. The measurement of each 

of these sources of freshwater Inflow Is 

necessary to develop analytical relation

ships between freshwater Inflow and result

Ing changes In the estuarine environment. 

Gaged Inflow Is the simplest of the three 

sources to quant I fy; however, gaged records 

do req u I re ad j u stment to ref I ect for 

diversions and return flows downstream of 

streamgage locations. 

Computation of ungaged Inflow utilized 

soil moisture data and runoff coefficients 
deve loped from fie I d surveys. Direct pre

cipitation on an estuary Is assumed to be 

an average of the da I I Y prec I p I tat Ion 

recorded at weather stations In the coastal 

regions adjacent to each bay. 

Water Qua I I ty 

The factors which affect the water 

quality of aquatic ecosystems and their 

Importance to the various biological 

components (as def I ned by the ch em i ca I and 

physical properties of the water body) 

Include nutrients, such as nitrogen and 

phosphorus; the basic cellular building 

..!! Due to tida I Inf luences, the most 

downstream streamgage on a river Is not 
located at the mouth of the river, and 

thus does not measure a I I of 

basin's flow contribution 

estuary. 

a river 

to an 



block, carbon; trace elements necessary for 
biological growth; the presence of suffi
cient concentrations of dissolved oxygen 
for respiration of aerobic organisms; and 
the occurrence of toxic chemicals that may 
inhibit growth and productivity (Figure 
VI-I). The presence of pollutants can have 
significant impacts upon estuarine water 
quality. Waste loads which enter the 
a!juatlc ecosystem can be of several types, 
including predominantly municipal and 
i ndustr i a I treated and untreated ef fluent 
and agricultural return flow. Economic and 
business activities, by altering land use 
patterns, may also result In changes to the 
physical and chemical quality of direct 
runoff. 

The single roost Important water qual
Ity constituent to the estuarine ecology Is 
the concentration of dissolved solids, 
termed salinity. The level of salinity In 
Texas estuaries dictates the health and 
diversity of their aquatic ecologies. The 
I nf low of freshwater genera I I Y a I ters 
salinity regimes In Texas bays and estu
aries in the characteristic pattern indi
cated in Figure VI-2. 

Biological Factors 

An estuarine ecosystem Is comprised of 
a myriad of life forms, living Interdepend
ently, yet al I dependent on the "health" of 
the aquatic environment. Among the general 
groupings of life forms that occur In the 
estuary, the roost prom I nent are bacteria, 
phytoplankton (algae), macrophytes 
(vascular 
(flnf Ish), 
animals. 

plants), zooplankton, nekton 
and benthic (bottom dwel ling) 

Severe droughts, floods, and hurri
canes are factors that large I y contro I and 
Influence species composition In estuaries. 
Wh i I e the number of spec I es genera I I y 
remains low, the population of a species 
fluctuates with the seasons and with 
hydrologic cycles. The fluctuating 
conditions provide for a continuing shift 
in dominant organisms, thereby preventing a 
specific species from maintaining a per
sistent dominance. 
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Natural stresses encountered In an 
estuary are due, In part, to the fact that 
these areas represent a transition zone 
between freshwater and marine environments. 
Biological communities' composition 
changes, with respect to the number of 
species and types of or!~anlsms, when 
salinity is altered (Figure VI-3). The 
number of speci es I s lowest I n the 
estuarl ne trans ition zone between fresh
water and mar I ne env I ronments. The number 
and type of specl es may vary from one 
geograph I c loca I I ty to another; however, 
roost species have a wide distribution In 
Texas bays and estuaries. 

Food Chain 

To evaluate the effects of freshwater 
inf low on an estuary, It Is necessary to 
consider the significant Interactions among 
dominant organisms for Elach of the 
estuary's production levels. A complicated 
food web cons Isting of several food chains 
exists within each estuary with water the 
primary medium of life support. The aquat
ic ecosystem has four major components, al I 
Interrelated through various life processes 
(Figure VI-I): 

1. 

2. 

3. 

Chemica I elements including basic 
substances essential to Ii fe 
such as carbon dioxide (C02) , 
nitrate (N03) , arnroon I a (NH3) , 
phosphate (P04) , and di sso I ved 
oxygen (DO), 
Autotrophic organ Isms such as 
vascu lar plants and al gae that 
can transform basic substances 
Into living cel I material through 
utilization of sunlight, 
Heterotrophic organisms such as 
zooplankton, shellfish, and fish 
specl es that ut I I I ze other biota 
as food material, and 

4. Decomposers Including bacteria In 
both liquid and solid (sediment) 
phases and fungi. 

The food chain relationships occurring In 
an estuarine system typical of those along 
the Texas Gulf Coast are large In number 
and comp I ex in scope (F I gur~! V 1-4) • The 
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river inf low transports Into the estuary 

nutr ients and organ Ic materials, both of 

which contribute to supporting the exten

sive populations of species within the 

system. Exact quant itat ive re I at ionsh Ips 

among the estuarine organisms and the 

aquatic environment are extremely canplex 

and many are stil I unknown. 

Life Cycles 

Many organisms of estuarine systems 

are not permanent res Idents, In that they 
spend only part of their life cycle in the 

estuary. M Igrat Ion patterns const itute an 

Integral part of the life history of many 
estuar i ne-dependent spec I es. These m Igra

tions occur In seasonal cycles and most are 
involved with spawning (reproduction). 

Larva I and postl arva I organ isms, ut" Iz I ng 
currents and tides, may migrate Into the 

estuary because of food and physiological 

req u i rements for lowered sa lin Ity, and for 

protection against predato:s and parasites. 
Juven ile forms use the shallow tert iary bay 
"nursery" areas dur i ng ear I y growth, 

migrating back to the Gulf of Mexico In 
their subadult and/or adult life stages. 

V irtually all (over 97.5%) of the Gulf 

fisheries species are estuarine-dependent; 

however, the seasonal aspects of their life 
cycles are quite different. Sane species, 
such as the redf Ish, spawn in the fall and 
the young are part icularly depend- ent on 

m igrat Ion to and ut iI Izat Ion of the 
"nursery" hab Itats dur I ng th Is season. 

Others, such as shrimp, spawn primarily in 
the spring and early summer, and their 

young move inshore to shal low, low sal inlty 
estuarine areas for growth and development 

at this time. Not all estuarine-dependent 
species are migratory between the marine 
and estuarine environments; however, there 

are few true year-round res idents (e.g., 

bay oysters) capable of canpletlng their 
I ife cycle totally within the estuary. 

For high estuary product iv Ity to 

occur, the timing of freshwater inflow, 

Including inundation of marshes, wh Ich both 

irrigates and fert II izes estuarine plants 

must coincide with the subtropical climatic 

reg ime of the Gu I f reg i on. Nature I s sea-
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sons provide environmental cues, such as 

Increases or decreases In sal in Ity and 

temperature, that enab Ie estuar i ne-depend

ent species to reproduce and grow success

fu I I yin the coastal env I ronments; I. e. , 

apparently these species have adjusted 

the ir life cyc les to the schedu I e of 

natural processes in the ecosystem and 

thereby reduce canpet it Ion and predat Ion. 

Coincidence of seasonal events, such as 
spr ing ra Ins, Inundat Ion of marshes and 
nutrient cycl ing is made more canplex by 

both antecedent events and ambient condi

tions. For example, winter Inundation and 

fert II izat ion of marshes may not be as 
benef leial to the estuarine system as 

similar events in the spring because low 
w Inter temperatures do not support high 

biological activity. Consequently, the 
growth and surv iva I of many econan ica I Iy 

Important seafood species wi" be lim ited 

if antecedent events and ambient conditions 

are unfavorab Ie and unt Ime I y for the 
season. 

Habitat 

The marsh wet I ands adjacent to each 
Texas estuary are among the most Important 

areas of the estuarine ecosystems. The 

Texas marshes are tracts of soft, wet land 

located adjacent to or near the bay margins 

and along the channels of Inflowlng streams 

Including the associated deltas. Depending 
upon the specif ic location, estuarine marsh 
canmun ities may be frequently inundated by 

tidal fluctuations or only occasionally 
Inundated by the seasonal flooding of 

inflowing streams. Texas estuarine marshes 

are dominated by salt-tolerant vegetation, 
such as the cord grass Spartlna, which 
produces sign If Icant quant it ies of vegeta

t ion wh leh when decanposed becanes organ ic 
mater I a I that forms the base of the food 

cha in and thereby prov Ides Input to the 
productivity in higher levels of the food 

cha In such as fish, shr imp, and oysters. 
Vascu I ar p I ant product ion of severa I de Ita 

marshes along the Texas Gulf Coast has been 

measured at about 100 mil lion pounds dry 
weight per year (or 45,500 metric tons/yr) 

each, with production exceeding 15,000 dry 

weight Ibs/acre/year (or 1,680 g/m2/yr) 

in the most product ive areas. Throughout 

the world, only tropical rain forests, 



coral reefs, and some algal beds produce 

more abundantly per unit of area. 

Marsh production is a major source of 

organic material supporting the estuarine 

food web In coasta I areas from New Eng I and 

and the South Atlantic, to the Gulf of 

Mexico. Because of high plant product

Ivitles an estuarine marsh can assimilate 

substantial volumes of nutrient-rich munici

pal and industrial wastes and incorporate 

them Into the yield of organic material 

which supports fisheries species. These high 

food dens Ity areas serve as "nursery" 

habitats for many economically Important 

estuar i nedependent spec i es, as we I I as 

p rov I ding food and cover for a va r I ety of 

water fowl and mammals. Delta marshes also 

serve other beneficial functions acting as a 

temporary floodwater storage area and aiding 

In erosion control by absorbing potentially 

destructive wave energy. 

Texas estuarl ne systems are among the 

most diverse In the world and vary from 

extreme ollgohallne (low salinity) condi

t ions on the northeastern coast to extreme 
hypersaline (high salinity) conditions on 

the southwestern coast. Yet, along the 

geographic gradients of salinity and temper

ature are populations of fish and shellfish 

species which are dependent upon the 

estuaries and have adapted to their variable 

conditions. One Important parameter of 

flux, the amount and timing of freshwater 

inflow to the estuaries, has been examined 

in detail through an analysis of Texas 

coastal fisheries as a function of the 

seasonal freshwater inflows to each 

estuar I ne system. The ana I ys is produced 

over 115 statistically significant multiple 

regression harvest equations, the results of 

which are summarized in Tables VI-l through 

VI-l0. Since several of the species 

adaptations are temporal In nature, they are 
ref I ected I n the seasona I ana I ys is of 

freshwater inflow effects. Major seasonal 

response differences are noted among the 

species, especially between fisheries 

populations inhabiting the high rainfal I 

("wet") upper coast versus the "dry" lower 

coast of Texas. Overall, 67 percent of 

harvest correlations to winter inflows are 

negative, 86 percent are positive to spring 

I nf lows, 51 percent are negat i ve to summer 

I nf lows, 57 percent are pos itive to ear Iy 
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fa II (autumn) i nf lows and 76 percent are 

pos itlve to late fall inf lows. 

Summary 

The ecosystems which have developed 

within the seven major Texas estuaries are 

In large part dependent upon the amount, as 

well as, the seasonal and spatial distri

bution of freshwater inflow and associated 

nutr i ents. Freshwater flows enter the bays 

from rivers, streams, and local rainfal I 

runoff. Freshwater dilutes the saline tidal 

water of the Gulf and transports nutritive 

and sedimentary bui Iding blocks that maln

ta I n marsh env I ronments and contr i bute to 
estuarine production of fish and shellfish. 

The health of estuarine aquatic 

organ I sms Isla rge I y dependent upon water 

quality. Toxic materials and other pollu

tants create stress that can Inhibit re

product Ion and growth, and may have long

lasting effects on the estuary. 

An estuarine ecosystem Is a complex 
Interrelationship of organic and inorganic 

constitutents. Basic Inorganic elements 
and nutrients are assimi lated by algae and 

other primary-producer organisms. These 

organ isms in turn are consumed by preda

tors. Organic material is made available 

for reuse in the ecosystem by bacteria and 

fung i • 

Many species Inhabiting Texas 

estuari es are not permanent res idents. 

Juveniles enter the estuary In larval or 

postlarval forms and remain during early 

growth. Finf Ish and shellf Ish species, In 

particular, have migratory life cycles, 

with the adults residing in the Gulf of 

Mexico, larval and postlarval organisms 

migrating into the estuaries, Juveniles use 

the sha I low nursery areas dur i ng ear I y 

growth, and subadults to adults migrating 

back Into the Gulf. 

Estuarine wetlands and river deltas 

are the most Important habitat areas for 

Juvenile forms of many aquatic species. 

These marsh systems contribute nutrients to 

the estuaries while providing nursery 

habl tats for many sped es of estuarl ne 
I 

organisms. 
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Table VI-I. Sumna.ry of Seasonal Relationships of Freshwater InflCM to Canmercial Fisheries Harvest on -th= 
Texas Coast. 

Fisheries Oomponent winter Inflow Spring Inflow Summer Inflow Early Fall Inflow Late Fall Inflow Equational 
(Jan. - March) (April - June) (July - Aug.) (Sept. - Oct.) (NOl". - Dec.) Models! 

-------
Cynoseion nebulosus (+) 1 (+) 7 (+) 6 (+) 5 (+) 8 

H 10 (-) 0 (-) 7 (-) 3 (-) 1 15 

Seiaenops oeellatus 
(+) 2 (+) 14 (+) 4 (+) 7 (+) 10 
H 7 (-) 1 H 9 (-) 4 (-) 2 17 

Pogonias cromis (+) 0 (+) 3 (+) 7 (+) 0 (+) 6 
(-) 6 H 3 (-) 1 (-) 8 (-) 0 10 

Estuarine Fish2 (+) 3 (+) 8 (+) 7 (+) 4 (+) 9 
(-) 10 (-) 2 (-) 7 (-) 6 (-) 3 16 

Crassostrea virginiea (+) 3 (+) 3 (+) 2 (+) 1 (+) 3 
H 3 H 0 (-) 5 (-) 3 (-) 1 8 

Callineetes sapidus (+) 5 (+) 5 (+) 6 (+) 5 (+) 3 
H 0 (-) 1 (-) 2 (-) 0 (-) 0 9 

Penaeus setiferus (+) 5 (+) 11 (+) 2 (+) 6 (+) 1 
(-) 0 (-) 0 H 7 (-) 2 (-) 3 14 

Penaeus azteeus (+) 1 (+) 4 (+) 4 (+) 4 (+) 1 
and P. duorarum H 5 (-) 3 (-) 1 (-) 2 (-) 0 11 

Penaeid Shriltp 3 (+) 4 (+) 11 (+) 3 (+) 7 (+) 3 
H 7 (-) 1 (-) 4 (-) 0 (-) 4 15 

----------------------------------------------------------------------------------------------------
Summary of (+) = 24 (+) = 66 (+) = 41 (+) = 39 (+) = 44 
Oorrelative Trends H = 48 (-) = 11 (-) = 42 H = 30 (-) = 14 115 

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

!Multiple regression equations (P < 0.05, mean R2 = 70%) 
2Fish species include Mieropogonias undulatus, Pogonias eromis, Sciaenops oeellatus, Cynoseion nebulosus, Paraliehthys lethostigma, Arius felis, and 
Archosargus probatocephalus 

3Shriltp species include Penaeus setiferus, P. azteeus, and P. duorarum 
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Table VI-2. Seasonal Relationships of Freshwater rnflCM to Corrmercial Harvest of Cynoscion nebuZosus in 
Texas Estuaries (1962-1976). Signs (+/-) are Fram Multiple Regression Coefficients of the 
Equational Harvest Models. 1 

Estuary and Freshwater Winter Inflow Spring Inflow Surrrner Inflow Early Fall Inflow Late Fall Inflow 
Inflow category (Jan. - March) (April - June) (July - Aug.) (Sept. - Ctt.) (Nov. - Dec.) 

TRINITY-SAN JACIN'ID ESTUARY 
Trinity River + 
San Jacinto River + + 
Ccrnbined Inflow 2 + + 

IAVACA-TRES PAIACI03 ESTUARY 
Lavaca River 
Colorado River + 
canbined Inflow 

GU1WM.UPE ES'lUARY 
Guadalupe River + + 
canbined Inflow + + 

MISSIOO-ARANSAS ES'lUARY 
Mission and Aransas Rivers + + 
canbined Inflow + + 

NUECES ESTUARY 
Nueces River + + 
canbined Inflow + + 

NUECES/MISSIOO-ARANSAS ESTUARIES 
Mission, Aransas, and Nueces Rivers + + 
canbined Inflow + + 

IAGUNA MADRE ESTUARY 
Upper Laguna Madre + + 
lower Laguna Madre + 
canbined Inflow + + 

-------------------------------------------------------
SUIIIlIary of (+)=1 (+)=7 (+)=6 (+)=5 (+)=8 
'Correlative Trends (-)=10 (-)=0 (-)=7 (-)=3 (-)=1 

INl.I1lber of harvest models = 15 significant multiple regression equations (P < 0.05, mean If- = 75%) 
2canbined inflow includes all gauqed and lI1gauged freshwater flows fran river and coastal drainaqe basins contributinq to earn estuary 
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Table VI-3. Seasonal RelationShips of Freshwater Inflow to Commercial Harvest of Sciaenops oceZZatus in 
Texas Estuaries (1962-1976). Signs (+/-) are From M.lltiple Regression Coefficients of the 
Equational Harvest Models. l 

Estuary and Freshwater Winter Inflow Spring Inflow Stmner Inflow Early Fall Inflow Late Fall Inflow 
Inflow category (Jan. - March) (April - June) (July - Aug.) (Sept. - Oct.) (NOll. - Dec.) 

TRINITY-SAN JACINro ESTUARY 
Trinity River + + + 
San Jacinto River + + + 
Ccrnbined Inflow 2 + + 

IAVACA-TRES PAIACICS ESTUARY 
Lavaca River + + 
Colorado River + 
Ccrnbined Inflow + 

GUAIlMDPE ESTUARY 
G.ladalupe River + + 
Ccrnbined Inflow + + 

MISSI<N-ARlINSAS ESTUARY 
Mission and Aransas Rivers + + 
Canbined Inflow + + 

NUECES ESTUARY 
Nueces River + + 
Canbined Inflow + + + 

NUECES/MISSIoo-ARANSAS ESTUARIES 
Mission, Aransas, and Nueces Rivers + + + 
Canbined Inflow + + + 

~ MADRE ESTUARY 
Upper Laguna Madre + + 
lower Laguna Madre + + 
Canbined Inflow + + 

SI.IIIIIIarY of (+)=2 (+)=14 (+)=4 (+)=7 (+)=10 
Correlative Trends (-)=7 (-)=1 (-)=9 (-)=4 (-)=2 

INtJlIber of harvest models = 17 significant multiple regression equations (P < 0.05, mean ~ = 71%) 
2Ccrnbined inflow inclooes all gauged and tngauged freshwater flows fran river and ooastal draincge basins contributinq to each estuary 



Table VI-4. Seasonal Relationships of Freshwater Inflow to Oommercia1 Harvest of Pogonias cromis in Texas 
Estuaries (1962-1976). Signs (+/-) are FDOffi Mll1tip1e Regression Coefficients of the Equational 
Harvest Models. 1 

Estuary and Freshwater Winter Inflow Spring Inflow SUIlIIIer Inflow Early Fall Inflow Late Fall Inflow 
Inflow category (Jan. - Mardl) (April - June) (July - Aug.) (Sept. - Oct.) (Noll. - Dec.) 

GUADIWJPE ESTUARY 
Guadalupe River + + 
canbined Inflow 2 + + 

MISSIOO-ARANSAS ESTUARY 
Mission and Aransas Rivers + 
canbined Inflow + 

NUECES ES'lUARY 
Nueces River + 
canbined Inflow + + 

NUECESjMISSIOO-ARANSAS ES'IDARY 
Nueces, Mission, and Aransas Rivers + + + 
canbined Inflow + + 

-< LAGJNA MADRE ESTUARY 
Upper Laguna Madre 

H lower Laguna Madre + I 
I-' canbined Inflow + 

""" SlJIIDary of (+)=0 (+)=3 (+)=7 (+)=0 (+)=6 
Correlative Trends (-)=6 {-}=3 (-)=1 {-}=8 (-)=0 

lNumber of harvest models = 10 significant multiple regression equations (P < 0.05, mean R2 = 75%) 
2canbined inflow inc1lrles all gauged and ungauged freshwater flows fran river and coastal drainage basins contributing to eadl estuary 
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Table VI-S. Seasonal Relationships of Freshwater Inflow to Canmercial Fish1 Harvest in Texas Estuaries 
(1962-1976). Signs (+/-) are From Multiple Regression Coefficients of the Equational Harvest 
Models. 2 

Estuary and Freshwater 
Inflow Category 

TRINITY-SAN JACrnro ES'lUARY 
Trinity River 
San Jacinto River 
Combined Inflow 3 

IAVACA-TRES mIACIOO ES'lUARY 
Lavaca River 
Colorado River 
Combined Inflow 

GUAIlIUDPE ES'lUARY 
Guadalupe River 
Combined Inflow 

MISSIOO-ARANSAS ES'lUARY 
Mission and Aransas Rivers 
Combined Inflow 

NUECES ES'lUARY 
Nueces River 
Combined Inflow 

NUECESjMISSICI'I-ARANSAS ES'lUARIES 
Mission, Aransas, and Nueces Rivers 
Combined Inflow 

IAGUNA MADRE ES'lUARY 
Upper Laguna Madre 
rower Laguna Madre 
Combined Inflow 

St.mmtary of 
Correlative Trends 

Winter Inflow 
(Jan. - March) 

+ 

+ 
+ 

(+)=3 
(-)=10 

Sprinq Inflow 
(April - June) 

+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 

(+)=8 
(-)=2 

Summer Inflow 
(July - Aug.) 

+ 
+ 

+ 
+ 

+ 
+ 
+ 

(+)=7 
(-)=7 

Early Fall Inflow 
(Sept. - Oct.) 

+ 
+ 

+ 

+ 

(+)=4 
(-)=6 

Late Fall Inflow 
(Nov. - Dec.) 

+ 

+ 

+ 
+ 

+ 
+ 

+ 

+ 
+ 

(+)=9 
(-)=3 

IFish species include Miaropogonias unduZatus, Pogonias aromis, Saiaenops oaeUatus , Cynosaion nebuZosus, ParaZiahthys Zethostigma, Arius feZis , 
and Arahosargus probatoaephaZus 2 

2Number of harvest rrodels = 16 significant multiple regression equations (P ~ 0.05, mean R = 71%) 
3Combined inflow includes all gauged and ungauged freshwater flows fran river and coastal drainage basins contributin;:j to each estuary 
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Table VI-6. Seasonal Relationships of Freshwater InfLow to Commercial Harvest of Crassostrea virg~n~ca in 
Texas Estuaries (1962-1976). Signs (+/-) are From M.lltiple Regression Coefficients of the 
Equational Harvest Mcxlels. 1 

Estuary and Freshwater Winter Inflow Sprinq Inflow St.mner Inflow Early Fall Inflow Late Fall Inflow 
Inflow category (Jan. - March) (April - June) (July - Aug.) (Sept. - Oct.) (Nov. - Dec.) 

TRINITY-sAN JACINro ES'lUARY 
Trinity River + 
san Jacinto River + 
canbined Inflow 2 + 

IAVACA-TRES PALACICS ESTUARY 
Lavaca River + 
Colorado River 
canbined Inflow + + 

MISSIOO-ARANSAS ESTUARY 
Mission and Aransas Rivers + + + 
CaJbined Inflow + + 

lAroNA MADRE ES'lUARY 
Upper Laguna Madre 
lower Laguna Madre + 
Ccrnbined Inflow 

--------------
SI.IIIIlary of (+)=3 (+)=3 (+)=2 (+)=1 (+)=3 
Correlative Trends (-)=3 (-)=0 (-)=5 (-)=3 (-)=1 

lNumber of harvest models = 8 significant multiple regression equations (P < 0.05, mean Ff = 57%) 
2CaJbined inflow inciooes all gauged and ungauged freshwater flows fran river and ooastal drainage basins contributing to each estuary 
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Table VI-7. Seasonal Relationship:; of Freshwater Inflow to Ccmnercial Harvest of CaUinectes sapidus in 
Texas Estuaries (1962-1976). Signs (+/-) are From Multiple Regression Coefficients of the 
Equational Harvest M:xlels. 1 

Estuary and Freshwater Winter Inflow Spring Inflow SUIlIIler Inflow Early Fall Inflow Late Fall Inflow 
Inflow category (Jan. - Marcil) (April - June) (July - Aug.) (Sept. - Oct.) (Nov. - Dec.) 

TRINITY-SAN JAcmro ES'lUARY 
Trinity River 
San Jacinto River 
Canbined Inflow 2 + + 

IAV1\CA-TRES PALACIOO ESTUARY 
Lavaca River + + + 
Colorado River + + 
Canbined Inflow + + + 

MISSICN-ARANSAS ESTUARY 
Mission and Aransas Rivers + + + 
Canbined Inflow 

NUECES ES'lUARY 
Nueces River + + + 
Canbined Inflow + + + 

NUECES/MISSION-ARANSAS ESTUARIES 
Mission, Aransas, and Nueces Rivers + + + 
Canbined Inflow + + 

Sl.1IIIIary of (+)=5 (+)=5 (+)=6 (+)=5 (+)=3 
Correlative Trends (-)=0 (-)=1 (-)=1 (-)=2 (-)=0 

Wumber of harvest ITOdels = 9 significant multiple regression equations (P < 0.05, mean R2 = 71%) 
lCanbined inflow includes all gauged and ungauged freshwater flows fran river and coastal drainaqe basins contributin:J to eacil estuary 
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Table VI-8. Seasonal Relationships of Freshwater Inflow to Corrrrercial Harvest of Penaeus setiferus on the 
Texas Coast (1959-1976). Signs (+/-) are From Multiple Regression Coefficients of the 
Equational Harvest Models. l 

Estuary and Freshwater 
Inflow category 

TRINITY-sAN JACINID ES'lUARY 
Trinity River 
San Jacinto River 
Cclnbined Inflow 2 

IAVACA-TRES PAIACICS ESTUARY 
Lavaca River 
Colorado River 
Cclnbined Inflow 

GJI\DI\WPE ESTUARY 
Gladalupe River 
Cclnbined Inflow 

MISSICN-ARANSAS ES'ruARY 
Mission and Aransas Rivers 
Calt>ined Inflow 

NUECES ES'lUARY 
Nueces River 
Calt>ined Inflow 

NUECES/MISSICN-ARANSAS ES'lUARIES 
Nueces, Mission, and Aransas Rivers 
Calt>ined Inflow 

IAQJNA MADRE ES'lUARY 
Upper Laguna Madre 
Lower Laguna Madre 
Calt>ined Inflow 

TEXAS <IJLF <XlAST 

SI.II'IIIIary of 
Correlative Trends 

Winter Inflow 
(Jan. - March) 

+ 
+ 

+ 
+ 

+ 

(+)=5 
(-)=0 

Spring Inflow 
(April - June) 

+ 

+ 

+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 

(+)=11 
(-)=0 

Sl.IIlIlIer Inflow 
(July - Aug.) 

+ 

+ 

(+)=2 
(-)=7 

Early Fall Inflow 
(Sept. - Oct.) 

+ 

+ 
+ 

+ 
+ 

+ 

(+)=6 
(-)=2 

Late Fall Inflow 
(Nov. - Dec.) 

+ 

(+)=1 
(-)=3 

1 Nl.IIIber of harvest models = 14 significant multiple regression equations (P < 0.05, mean R2 = 69%) 
2Cclnbined inflow incllrles all gauged and lI'lgauged freshwater flows fran river and coastal draincge basins contributing to eadl estuary 
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Table VI-9. Seasonal Relationships of Freshwater InflCM to Ccmnercial Harvest of Penaeus aztecu8 and 
P. duorarwn 1 on the Texas Coast (1959-1976). Signs (+/-) are Fran Multiple Regression 
Coefficients of the Equational Harvest Mbdels. 2 

Estuary and Freshwater 
Inflow Category 

TRINITY-sAN JAcrnro ES'lUARY 
Trinity River 
San Jacinto River 
Ccmbined Inflow 3 

GUAD1lliJPE ES'lUARY 
Gladalupe River 
Canbined Inflow 

MISSICN-ARANSAS ES'lUARY 
Mission and Aransas Rivers 
Ccmbined Inflow 

NUECES ES'lUARY 
Nueces River 
'Canbined Inflow 

NUECES/MISSICN-ARANSAS ES'lUARIES 
Nueces, Mission, and Aransas Rivers 
Canbined Inflow 

LAGUNA MADRE ES'lUARY 
Upper Lagtn'la Madre 
Lower Lagtn'la Madre 
Canbined Inflow 

Winter Inflow 
(Jan. - March) 

+ 

Spring Inflow 
(April - Jtn'le) 

+ 

+ 
+ 

TEXAS <I.JLF CXlMT + 

SlIIIIIarY of 
Cbrrelative Trends 

(+)=1 
(-)=5 

(+)=4 
(-)=3 

Smuner Inflow 
(July - Aug.) 

+ 

+ 

+ 
+ 

(+)=4 
(-)=1 

IHarvest mostly P. azte=s 
2Number of harvest rn::x1els = 11 significant multiple regression equations (P < 0.05, mean R2 = 63%) 

Early Fall Inflow 
(Sept. - Oct.) 

+ '-

+ 
+ 

+ 

(+)=4 
(-)=2 

rate Fall Inflow 
(Nov. - Dec.) 

+ 

(+)=1 
(-)=0 

3Carbined inflow includes all gauge::! and ungauge::! freshwater flo~ fran river and coastal drainage basins contributin:;J to each estuary 
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Table VI-IO. Seasonal Relationships of Freshwater Inflav to Comnercial Harvest of Penaeid 1 Shrimp on the 
Texas Coast (1959-1976). Signs (+/-) are Fran Multiple Regression Coefficients of the 
Equational Harvest M:x3.els. 2 

Estuary and Freshwater Winter Inflow Spring Inflow Sl.IIlIlIer Inflow Early Fall Inflow Late Fall Inflow 
Inflow category (Jan. - March) (April - June) (July - Aug.) (Sept. - Oct.) (Noll. - Dec.) 

TRINITY-SAN JAcmro ESTUARY 
Trinity River 
San Jacinto River 
Ccmbined Inflow 3 + 

IAVACA-TRES PAIACIC6 ESTUARY 
lavaca River + 
Colorado River + + 
Ccmbined Inflow + 

GUJUllIWPE ESTUARY 
GJadalupe River + + 
Ccmbined Inflow + + 

MlSSICN-AAANSAS ESTUARY 
Mission and Aransas Rivers + + + + 
Ccmbined Inflow + + 

NUECES ES"lUARY 
Nueces River + + 
Ccmbined Inflow + 

NtJECES/MISSICN-AAANSAS ES'lUARIES 
Mission, Aransas, and Nueces Rivers + + + 
Ccmbined Inflow + + 

IAGm. MADRE ESTUARY 
Upper Laguna Madre + + 
lower Laguna Madre + + 
Ccmbined Inflow 

TEXAS QJLF c::nr.sT + 
-------

SlBIIMry of (+)=4 (+)=11 (+)=3 (+)=7 (+)=3 
Correlative Trends (-)=7 (-)=1 (-)=4 (-)=0 (-)=4 

lShrimp species inclt.rle Penaeus azteaus, p. setiferus, and P. duol'arum 
2Number of harvest mJdels = 15 significant multiple regression equations (P < 0.05, mean R2 = 73%) 
3Ccmbined inflow incltrles all gauged and ungaugoo freshwater flows fran river and coastal drainage basins contributing to each estuary 
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'Ibe Honorable William P. Clements, Jr. 
(bvernor of Texas 

The Honorable William P. fbbby 
Lieutenant (bvernor of Texas 

The Honorable Bill Clayton 
Speaker of the House 

The Legislature of the State of Texas 

Submitted herewith is a summary re{X>rt of the Department's studies of the 
effects of freshwater inflows on Texas estuaries as mandated by Senate Bill No. 
137 (Schwartz, 64th Legislature, 1975). 'Ibis legislation, codified as Section 
16.058 of the Texas Water Code, directed that the Department conduct these 
studies with the cooperation and assistance of the Texas Coastal and Marine 
Council, Texas Parks and Wildlife Department, and General Land Office, and that 
we re{X>rt our findings by December 31, 1979. 

This re{X>rt summarizes findings contained in five detailed technical re{X>rts on 
six individual Texas estuaries, which include (1) the Sabine-Neches estuary, 
(2) the Trinity-San Jacinto estuary, (3) the Lavaca-Tres Palacios estuary, (4) 
the Guadalupe estuary, and (5) the Mission-Aransas and Nueces estuaries. These 
re{X>rts have been distributed in draft form to federal agenc ies, other State 
agencies, and various public interest groups for review and comment. 

An important product of these studies has been the developnent of a data base 
and analytical techniques that can serve planning functions and water 
management decisions with respect to the effects of future water resources 
developnent and use in an estuary's contributing drainage basins. The present 
study results also provide the Legislature with important information, 
regarding choices that can be made and means whereby freshwater for bays and 
estuaries and other uses can be determined, for use in {X>licy decisions. 
However, the continued value of these bay and estuary studies will depend 
considerably on the extent to which the data base can be kept current through 
continued data collection as conditions change. 

yours, 

P.O. Box 13087 Capitol Station • Austin, Texas 78711 • Area Code 512/475-3187 
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