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Members of the Legislature and Fellow Texans:

As Governor of Texas and Chairman of the Interagency Natural Resources Council, a con-
sortium of State agencies, I am pleased to transmit the Appendices to the Interim Report to
the 62nd Legislature on the Coastal Resources Management Program of Texas. This effort
was authorized by S.C.R. No. 38 passed by the 61st Legislature 15t Session and funded
in the Division of Planning Coordination within my Office.

S.C.R. No. 38 directed the Interagency Natural Re-
sources Council to conduct a comprehensive study of
the Coastal Zone and the Gulf of Mexico seaward to
our State’s territoriel boundaries, The resolution
called for an Interim Report by December I, 1970,
and a final report in December, 1972.

At the Council’s direction, within the guide-
lines established by the Resolution, the study
is designed to result in an action program
through which the State can preserve, pro-
tect, and develop our coastal and marine
environment for future generations of Tex-
ans. This Administration has consistently
emphasized the importance of our coastal
resources to the State. Coastal and marine re-
lated activities in Texas have reached a new high
during the past two years.

It is my hope as well as that of the entire
Council that the Coastal Resources Ma-
nagement Program of Texas will assist
the Legislature in coming to grips
with the problems of our
coastal areas, It is also our
hope that this Program will serve
as a model for studying regional en-
vironmental problems as part of a total
interrelated system to benefit our citizens.

Much work remains to be done by December,
1972. However, the Program has already identified
specific problems and presents recommendations which
need your immediate attention in the coming session, I
urge your careful consideration and approval of these re-
commendations as the first action in implementing the Coast-
al Resources Management Program for Texas,

The Interagency Natural Resources Council and its member agencies
pledge their continued support in working with you on coastal environmental
problems and other matters related to our invaluable natural resources.

Singlrdly,

Preston Smith
Governor of Texas
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INTRODUCTION

The Coastal Zone of Texas con-  State. [ts problems are complex and
tains the most diverse grouping of  its boundarics are imprecise. The
valuable natural resources in the  great rivers of Texas empty their



waters and water-borne wastes into
the bays and estuaries of the Coastal
Zone where they react with the wa-
ters of the Gulf. Urban centers in
this area are attracting an increasing
population with resultant demands
on natural resources generating signifi-
cant environment change.

Fortunately, much of man’s impact
upon the Coastal Zone has been con-
centrated in nodes of urban develop-
ment such as the Houston-Galveston
area. Much of the Coastal Zone is
relatively unspoiled. This fact will
enable us, through proper study and
action, to safeguard the environment-
al integrity of the Coast for future
generations of Texans, while fully
utilizing coastal resources.

The Coastal Resources Management
Program will examine the natural re-
source base for undesirable symp-
toms, define problems, and present
solutions within an area of Texas
extending from the Sabine River to
the Rio Grande and from about 80
miles inland to the three league boun-
dary in the Gulf. It will not only
examine each resource separately, but
also as each resource related to all
others in an environmental system.

The Coastal Zone of Texas is an
extremely valuable resource for the
people of this State. It should be
conserved, developed and preserved to
serve the goals of the people while
respecting  individual rights. The
area’s value to Texas cannot be mea-
sured by economic benefits alone.

_ The social value of our coastal en-

vironment is high for those who live
and work there, as well as for all other
Texans,

Natural resources are defined here

as those things existing in a state of
nature which are of either actual or
potential economic or social value to
man. They are often grouped under
broad categories such as land, water,
air, fish and wildlife, minerals and
vegetation.

These resources are limited in quan-
tity and therefore in use. While some
resources such as water are well suited
for multiple use, others are not. Cer-
tain uses complement each other with
no setious effect on the total environ-
ment and others are mutually exclu-
sive. The same land resource cannot
be used for suburban development
and a wildlife refuge, It should be
recognized that the use of land im-
pacts in different ways upon other
resources. Each link in the chain of
natural resource uses must be care-
fully traced to determine ultimate
effects on society.

Problems of natural resource use
are normally related to the use of the
land or water resource. Possible solu-
tions, as will be noted later, indicate
that the key to coastal resource man-
agement is the proper understanding
and management of the land and
water resources of the Coastal Zone.

State and local governments have a
responsibility to insure the preserva-
tion of unique resources, replenish-
ment of renewable resources and con-
servation of irreplaceable resources.
Man’s role in his environment de-
mands income and employment op-
portunities as well as leisure pursuits.
Texas can assist man to improve his
living standard and surroundings in
the Coastal Zone while maintaining a
desirable balance with nature. The
goals of man and nature do not have
to be mutually exclusive.



Fifteen major problems related to natural resources
in the Coastal Zone have been identified from the 20
task force reports conducted by experts in their fields,
Those technical reports comprise the remainder of this
volume, and the following problems were extracted from

the conclusions of these reports as being both impor-
" tant and requiring immediate corrective steps.

The recommendations for action which ap-
pear. later in this Summary touch on all 15 of
these problems as well as others, Corrective
action on these urgent problems will impact on
the many other problems in the Coastal Zone,

IMMEDIATE PROBLEMS

oFish and wildlife resources may be  land areas as well as discharge of
and sometimes are destroyed by the  inadequately treated municipal and
runoff from urban and agricultural  industrial wastewaters into the bays,



estuaries and their tributaries, Un-
wise use and development of water re-
sources can have a similar impact.
This presents a potential health hazard
and aesthetic eyesore to man.

®]ll-defined boundaries coupled with
dynamically shifting landforms, un-
available public information, and a
heretofore poorly defined State po-
licy toward the use of its coastal
lands results in unwise development
and poor management in the Coastal
Zone.

o Wildlife habitat is being destroyed
and potential park land lost through
urban/industrial expansion and en-
vironmental degredation, which adver-
sely affects recreational opportunities.

o Limited public access to beaches of
the Gulf Coast hampers recreational
pursuifs.

@ The existing structure of State laws,

regulations, and governmental man-
agement is inadequate to deal with
the complex, diverse, and dynamic
problems of the Coastal Zone.

@The 200 million dollar a year com-
mercial fishing industry is in danger
of collapse due to institutional bar-
riers, inadequate insurance availabili-
ty, international competition, low
utilization of technology, and archa-
ic legal regulation, and badly needs
the State’s assistance.

®Lives are lost and property de-
stroyed or damaged by severe hurri-
canes on the average of once every
two years.

OThe effect of diminishing mineral
resources on the Coastal Zone’s eco-
nomic and financial base is not under-

stood and is not being examined.

®The Coastal Zone's aquatic ecosys-
tems are seriously threatened by nu-
merous and diverse physical processes
such as poor drainage, land subsi-
dence, sedimentation, erosion, accre-
tion, dredging, bulkheading, and al-
teration of estuarine circulation pat-
terns. These dangers, while more
subtle than waste discharges, are very
real.

® Discharge of gases and particulates
into the atmosphere creates a health
hazard, presents a nuisance, and cau-
ses property damage.

o Improper and. inadequate solid
waste disposal practices pollute both
air and water and create health ha-
zards from rats, flies, and other di-
sease SOUICES.

®Present methods of extracting min-
erals have adversely altered the envir-
onment and will continue to do so
until economically feasible alterna-
tives are developed which do other-
wise,

@ Growth, combined with rapid ad-
vances in fransportation technology,
necessitates coordinated, long-range
transportation planning, especially
concerning super-draft port facilities
and transfer points between various
types of transportation.

0 The heritage of Texas, represented
by its many cultural and historical
sites, is being lost to unplanned urban
and commercial expansion.

®Frequent minor oil and chemical
spills are cumulatively very damag-
ing to the Coastal Zone environment.



AN ENVIRONMENTAL SYSTEM

Approaching the environment as a balanced system is the cornerstone
of the Coastal Resources Management Program. The system approach
both ties the parts together and establishes priorities for decisions.

Any attempt to define the complex
relationships which form an environ-
mental system is doomed to failure.
The system operates under conditions
which are infinitely more complex
than our minds can comprehend, even
with the aid of computers. However,
man makes decisions daily which af-
fect the environment and he must
attempt to understand their conse-
quences.

The Coastal Resources Management
Program has attempted to understand
the environmental complexities of the
Coastal Zone by breaking the environ-
ment into the twenty study areas rep-
resented by the following reports, ex-
amining them separately and then
looking at the ways they react with
all the other components. In this way
a simple artificial environment has
been created which is, at least, a
beginning towards understanding the
complex.

Both direct and indirect effects of a
change in an environmental system
must be understood. A direct effect
can be explained as a first order
effect between two or more task
areas such as the direct effect on fish
of polluted waters. An indirect effect
is the second or third order effect as
the system . change reverberates
through the.entire system. An exam-

ple might be the effect on financial
institutions of decreased commercial
fisheries catches which stem from the
depletion of fish resulting from water
pollution. In this example, the im-
pact of water pollution upon finan-
cial institutions is traced through sev-
eral intermediate steps.

While the previous example in-
cludes facets of biology, chemistry
and society, the direct and indirect ef-
fects are similar in other types of sys-
tems. Of course, each task area is a
system within the larger environment-
al system. An impact on part of the
smaller system can have direct and in-
direct effects within it and upon
other subsystems as well. If we
affect any link in the biological food
chain, the balance of nature is upset
and the system changes to a new
equilibrium condition. Problems arise
when the system cannot naturally
cope with the change, in which case,
the sub-system may be eradicated.
This leaves a void with many attend-
ant complex possibilities. It is in
hopes of understanding some of these
effects that the environment is being
studied as a complex system.



CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

o The Coastal Zone of Texas repre-
sents an invaluable, and, in many res-
pects, irreplaceable resource to the
State and Nation. Its economic value
is great. Greater still is its total social
and economic value as a living, work-
ing, and recreational environment for
man and nature as they interact one
with the other.

®The inevitable pressures of urban,
commercial, industrial, and agricultu-
ral growth are causing a general de-
gredation of the Coastal Zone envir-
onment which will worsen unless
steps are taken to balance preserva-
tion, conservation, and development
through a Coastal Resources Manage-
ment Program.

o If Texas does not move ahead with
its own program in coastal manage-
ment, the Federal Government will
develop one for us; Texas cannot
afford this because: (1) State and
local- cooperation insures a respon-
siveness to unique local conditions,
and (2) State and local groups can
maintain better controls, do a better
job and do it at less cost.

o The agencies and institutions of the
State acting in concert through the
Interagency Natural Resources Coun-
cil and armed with the mandate of
S.CR. No. 38 comprise the logical
team to develop a plan and implement
a program for managing Texas™ coast-
al resources. The participation of
private, local, and Federal interests
must be and has been insured. No

program that may be developed can
succeed or even begin without the
support of the Legislature.

@ The remainder of the development
phase of the Program should concen-
trate on coastal environmental pro-
blems, their solution, and the legal-
istic mechanisms necessary for full
implementation of the Program.

SPECIFIC ACTION

It is recommended that the 62nd
Legislature:

®Provide to the individual agencies
comprising the Interagency Natural
Resources Council sufficient funds
to assure that each agency’s activi-
ties in support of the Coastal Re-
soutces Management Program might
be carried out, and provide the Exe-
cutive Office with sufficient funds
for continuing the coastal activities
of the Council, including the Coast-
al Resources Management Program.

O Give careful consideration to the re-
commendations of Legislative Interim
Committees as those recommenda-
tions relate to the matural resources
and environmental problems of the
Coastal Zone. Special attention
should be given to recommendations
with regard to land use and pollution
controls and interagency cooperation.

@ Continue to define and improve the

responsibilities and roles of the State
agencies pertaining to natural resour-
ces of the Coastal Zone.



oIt is also recommended that the
62nd Legislature direct the Interagen-
cy Natural Resources Council to pro-
vide the mechanism through which
significant coordination will be a-
chieved. Specific tasks to be per-
formed by the Council working with
the appropriate agencies include the
following:

1. Delineate the role and respon-
sibility under existing statutes
of each State agency in matters
pertaining to the natural resour-
ces of the Coastal Zone;

2. Work with the General Land
Office and the Attorney General
in establishing a comprehensive
policy concerning coastal lands,
including: (a) policies on the
sale and subsequent use of Texas’
submerged lands, (b) clarification
of ownership of lands resulting
from erosion/accretion shifts, (c)
delineation of limits of state and
private ownership, and (d) equit-
able compensation for all eco-
nomic uses of State lands;

3, Give every assistance to member
pollution conirol agencies in
their continued anti-pollution ac-
tivities;

4. Work directly with the Institute
of Marine and Coastal Law and
other experts on legal problems
of coastal resource management;

5.Work with the Coordinating
Board for Higher Education,
State supported universities and
colleges, the Advisory Council
for Technical-Yocational Educa-
tion and the Texas Education
Agency in encouraging the de- -
velopment of marine-related cur-

ticula and conservation educa-
tion at all levels;

6. Investigate the feasibility of ap-
plying procedures of resource
analysis developed in the Coastal
Resources Management Program
to other areas of the State;

7. Work with the Texas Water Qua-
lity Board, the Parks and Wild-
life Department, the Texas Water
Rights Commission, the Texas
Water Development Board, the

Air Control Board and other con-

cerned agencies in investigating
problems associated with power
plant siting;

8. Coordinate with the Texas His-

“torical Survey Committee and
provide through the Coastal Re-
sources Management Program for
preserving culturally and histo-
rically significant sites which
might be destroyed or affected
by natural resource use;

9. Assist the Governor in establish-
ing an Interagency Transporta-
tion Council and coordinate with
that Council on matters related
to transportation’s effect on land
use and resources in the Coastal
Zone.

INVESTIGATIONS

During the two years remaining for
development of the final report on
the Coastal Resources Management
Program, the Interagency Natural Re-
sources Council should, through its
member agencies and other qualified
parties conduct investigations of:

1. Existing pollution problems in-



cluding those unrelated to waste
disposal; their sources, long-term
effects and solutions;

2. The environmental effects of

proposed hurricane protection
measures,

3. A legal analysis of institutional

authority and responsibility ne-
cessary for the proper implemen-
tation of a Coastal Resources
Management Program,

4. An inventory of remaining min-

eral resources, replenishable or
alternative substitutes for those
resources, and means by which
to extract those resources with
minimal environmental losses.

5. The long-term effect of persist-

ent man-made substances such
as oils, farm chemicals, and pest-
icides upon the natural environ-
ment;

6. The use of a multi-disciplinary

approach in developing a practi-
cal and usable method for eval-
uating the consequences of alter-
native environmental manage-
ment proposals including the as-
sessment of consequences of va-
rying land-use patterns;

as mitigating their destructive
effects;

8. Data availability for preparation
of a comprehensive sourcebook
of existing marine resources in
the Gulf;

9, Means by which to encourage
and support research in marine
culture;

10.The cost to future Texans of
unnecessarily depleting economi-
cally important non-teplenisha-
ble resources, including effects
on long-term income and em-
ployment oppottunities;

11, Evaluating the economic poten-
tial of resource utilization in the
Coastal Zone.

PERSONAL ACTION

Each of us can, through our indi-
vidual actions, impact on the environ-
ment. In addition to the avoidance
of such things as littering, the indi-
vidual should take positive steps to
inform his local, State or Federal
government of action they can and
should take to protect the environ-
ment. The individual citizen should

take special care to work closely with
his State legislator. The concerned
citizen should be active, never pass-
ive, when his environment is at stake.

7. Means of supporting research
leading to a better understanding
of hurricane forecasting as well

CONTINUING EFFORTS

The Interagency Natural Resources Council is proceeding with the develop-
ment of a Coastal Resources Management Program for Texas under renewed
guidance by the 62nd Legislature. S.C.R. No. 38, the original mandate given
to the Council, has been expanded and redirected towards the solution of
specific problems with passage of S.CR.s 8 and 9 in May of this year. The
November, 1971, Quarterly Progress Report to the Legislature will contain a
detailed work plan for the December, 1972, report to the Legislature as directed
by S.C.R. No. 38. The text of all three resolutions forming the authority for
the Program follows in the next section of this report.



SENATE CONCURRENT RESOLUTION NO. 38

WHEREAS, The state-owned submerged lands, isiands, estuaries, and
estuarine areas in the Texas Gulf Coast Area, including the submerged lands
of the state seaward of the mean of lower Tow water marks in the Gulf of
Mexico, and the natural resources and the environmental natural beauty
with which they are so richly endowed, constitute an important and valu-
able property right belonging to the Public Free School Fund and to all
of the people of Texas, and they are of immediate and potential value
to the present and future generations of Texans; and

WHEREAS, Tt is the declared policy of the state that such submerged
lands, islands, estuaries, and estuarine areas shall be so managed and
used as to insure the conservation, protection, and restoration of such
submerged lands, islands, estuaries, and estuarine areas with resources
and natural beauty and, consistent with such protection, conservation
and restoration, their development and utilization in a manner that ade-
quately and reasonably maintains a balance between the need for such
protection in the interest of conserving the natural resources and
natural beauty of the state and the need to develop these submerged
lands, islands, estuaries, and estuarine areas to further the growth
and development of the state; and

WHEREAS, The people of the State of Texas have a primary interest
in the correction and prevention of irreparable damage to or unreasonable
impairment of the uses of the coastal waters of the state and inland
waters of the state in such estuaries and estuarine areas caused by
drainage, waste water disposal, industrial waste disposal, and all other
activities that may contribute to the contamination and pollution of
such waters; and

WHEREAS, The people of the State of Texas also have primary interests
in the value of such lands, islands, estuaries, and estuarine areas as
public property for production and marketing of oil and gas and other
minerals and mineral resources, for the production of Tiving resources,
for shell and other fisheries and fishing, hunting, and other recreation,
for wildlife conservation, and for health and other uses in which the
public at large may participate and enjoy; and

WHEREAS, It is also the declared policy of this state that the
public, individually and collectively, shall have the free and unres-
tricted right of ingress and egress to and from the state-owned beaches
bordering on the seaward shore of the Gulf of Mexico and hence the
people of the State of Texas have a further primary interest in con-
serving the natural beauty of the state's beaches and protecting and
conserving them for the use of the public; and

WHEREAS, A comprehensive study is necessary to prepare the way for
constructive legislation for the present and future protection of the
interests of the people of the State of Texas in such submerged lands,
beaches, islands, estuaries, and estuarine areas; and

WHEREAS, The United States Government is now conducting similar studies

studies under P.L. 660 of the 84th Congress as amended and under P.L. 90-
454 of the 90th Congress and is entitled to receive the full cooperation
of the agencies of this state with respect to the lands, beaches, waters,
estuaries, and estuarine areas of this state; now, therefore, be it



RESOLVED, By the Senate of the State of Texas, the House of Repre-
sentatives concurring, that the following be accomplished:

Section 1. The Interagency Natural Resources Council, an interagency
planning entity created under the authority of House Bill 276, Acts 1967,
60th Legislature, Regular Session, Chapter 417, in consultation with the
SchooT Land Board and the Submerged Lands Advisory Committee and with all
other appropriate local, state, and federal agencies, is authorized and
directed to make a comprehensive study of the state's submerged lands,
beaches, islands, estuaries, and estuarine areas, including but without
Timitation coastal marshlands, bays, sounds, seaward areas, and lagoons,
The term "estuary” means all or part of the mouth of an intrastate or
interstate river or stream or other body of water, including, but not
Timited to, a sound, bay, harbor, lagoon, inshore body of water, and
channel, having unimpaired natural connection with the open sea and
within which the sea water is measurably diluted with fresh water
derived from land drainage. The term "estuarine areas" means an environ-
mental system consisting of an estuary and those transitional areas which
are constantly influenced or affected by water from an estuary such as,
but not limited to, coastal salt and freshwater marshes, algal flats,
coastal and intertidal areas, sounds, bays, harbors, Tagoons, inshore
bodies of water, and channels. For the purpose of the study or studies
of these lands, beaches, islands, estuaries, and estuarine areas, the
Council shall consider, among other matters (a) their wildlife, health,
and recreational potential, their ecology, their value as natural marine,
anadromous, and shell fisheries, their value as established marine soils
for producing plant growth of a type useful as nursery or feeding grounds
for marine 1ife and their natural beauty and esthetic value, (b) their
importance to navigation, their value for flood, hurricane, and erosion
control, their mineral value, and (c¢) the value of such areas for more
intensive development for economic use to further the growth and develop-
ment of the state, The study or studies shall also include (a) studies
of the various problems of coastal engineering such as the protection
of the beaches and bay bluffs from harmful erosion, the design and use
of groins, seawalls, and jetties, and the effects of bay fills, fish
passes, and other coastal works upon the physical features of the shores,
channels, and bay bottoms and upon marine life and wildlife inhabiting
such areas and (b) studies of the effects of waste and drainage water
discharges into the waters of such estuaries and of the Gulf of Mexico
in relation to the reasonable protection and conservation of the marine
environment and the natural resources and natural beauty of these
submerged lands, beaches, islands, estuaries, estuarine areas, and their
overlying waters. In conducting the study or studies, the Interagency
Natural Resources Council shall consider, among other matters, and with-
out limitation as to the generality thereof, the physical and economic
effects of existing and proposed water development projects of federal,
state, and Tocal agencies, and of authorized and prospective drainage
projects of whatever nature upon the coastal waters and the waters
of the state's estuaries and estuarine areas, the feasibility of re-
claiming drainage waters from such projects, the future population
growth and economic development in the area and in areas tributary
thereto, the effects of existing and proposed projects for the filling
and reclamation of waterfront lands upon the waste assimilative capacity
of the coastal waters and the waters of the state's estuaries and estuarine
areas, the possibilities of reclamation and reuse of waste waters and
drainage water from such projects, and the feasibility of flow augmen-
tation through managed releases from upstream reservoirs as an aid to
quality maintenance.



Sec. 2. The Interagency Natural Resources Council may receive
grants and matching funds from and may contract with such state, federal,
or local public agencies or private agencies, entities, or educational
institutions as it deems necessary for the rendition and affording of
such management and technical services, facilities, studies, and reports,
and personal services and operating expenses as will best assist it to
carry out the purposes of this concurrent Resolution.

Sec. 3. The Interagency Natural Resources Council of Texas is
directed to call on the advice, counsel, and guidance, and participation
of appropriate local, state, and federal departments, hoards, agencies,
and educational institutions. The council shall, to the fullest
practicable extent, cooperate and coordinate its work with all depart-
ments, boards, and agencies undertaking planning and technical investi-
gations pertinent to this study. The Interagency Natural Resources
Council is directed to coordinate its study and, in order to avoid
duplication of work, shall make maximum use of data -and information
available from state agencies and boards and federal agencies, including
but not limited to the United States Public Health Service, the United
States Corps of Engineers, the United States Department of Health,
Education- and Welfare, the Federal Water Pollytion Control Administration,
the United States Soil Conservation Service, the United States Fish
and Wildlife Service, the United States Bureau of Reclamation, the
United States Geological Survey, the United States Department of the
Interior, the member agencies of the Interagency Natural Resources
Council, and the Bureau of Economic Geology of The University of Texas.

Sec. 4, The Interagency Natural Resources Council is authorized
to hold one or more public hearings which it deems necessary or desir-
able for the full development of all facts pertinent to its studies.
(ity, county and state officials, officers, and employees and those of
any other political subdivision of the state and of the state govern-
ment are directed to furnish the Council, upon its request and within
the Timits of their respective facilities, such data, reports, and any
other information it may require in connection with its studies, without
any cost, fee, or charge whatsoever.

Sec. 5. On or before the first day of December, 1970, preceding
the 1971 Reqular Session of the Legislature, the Interagency Natural
Resources Council shall submit to the Governor of Texas and to the
Legislature a progress report indicating the status of its studies to
date together with any recommendations for emergency legislation at that
time to carry out the purposes of its studies as herein defined.

Sec. 6. The Interagency Natural Resources Council shall submit
its final report to the Governor of Texas and to the Legislature on
or before the first day of December, 1972, preceding the 1973 Reqular
Session of the Legislature, together with its findings and recommendations
for appropriate legislation to carry out the purposes of its studies as
herein defined. :



SENATE CONCURRENT RESOLUTION NO. 8

Authorizing and directing the Interagency Natural Resources Council
to provide the mechanism to promote interagency cooperation and coor-
dination with regard to land use, pellution control and other problems
in the Coastal Zone; working with the appropriate agencies, to delineate
the roles and responsibilities of the State agencies concerned with the
protection, conservation, and development of the State's coastal resources;
to work with the State agencies in solution of certain urgent problems
adversely affecting those resources; and to take certain other actions.

WHEREAS, By Senate Concurrent Resolution No. 38, the 615t Texas
Legislature, Regular Session, authorized and directed the Interagency
Natural Resources Council to make a comprehensive study of the State's
submerged Tands, beaches, islands, estuaries and estuarine areas, in-
cluding, but without limitations, coastal marshlands, bays, sounds,
seaward areas and lagoons, and to submit a progress report to the Governor
of Texas and to the Legislature by the first day of December 1970 and
its final report by the first day of December 1972; and

WHEREAS, These coastal resources of the State of Texas are of
great value to the present and future generations of Texans; and

WHEREAS, It is the declared policy of the State that such submerged
lands, islands, estuaries, and estuarine areas shall be so managed and
used as to hsure the conservation, protection, and restoration of such
submerged lands, islands, estuaries, and estuarine areas with resources
and natural beauty and, consistent with such protection, conservation
and restoration, their development and utilization in a manner that
adequately and reasonably maintains a balance between the need for such
protection in the interest of conserving the natural resources and natural
beauty of the State and the need to develop these submerged lands,
islands, estuaries, and estuarine areas to further the growth and development
of the State; and

WHEREAS, The people of the State of Texas have a primary interest
in the correction and prevention of irreparable damage to or unreasonable
impairment of the uses of the coastal waters of the State and inland waters
of the State in such estuaries and estuarine areas caused by drainage,
waste water disposal, industrial waste disposal, and all other activities
that may contribute to the contamination and pollution of such waters; and

WHEREAS, The Summary of the Interim Report on the Coastal Resources
Management Program submitted by the Interagency Natural Resources Council
pursuant to Senate Concurrent Resolution No. 38, 61st Legislature,

Reqular Session, calls attention to a number of urgent and serious
problems adversely affecting the State's coastal resources and the coastal
environment, to the fact that the respective roles and responsibilities
of the several State agencies with respect to the State's coastal resouces
and the coastal environment are not clearly defined in some instances,
that there is need for coordination and cooperation among the State
agencies, and recommends that certain actions be taken as soon as
possible; and

WHEREAS, It is in the best interests of the people of Texas and
the desire of the LegisTature that all possible actions be effectively
taken by the Interagency Natural Resources Council and the State
agencies within their statutory powers to protect, conserve and properly
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develop the State's coastal resources and to improve the coastal environ-
ment pending submission of the Council's final report; now, therfore,
be it

RESOLVED, By the Senate of the State of Texas, the House of
Representatives concurring, that the following be accomplished:

Section 1. The Interagency Natural Resources Council is auth-
orized and directed to:

1. Promote interagency cooperation and coordination in actions affecting

the State's coastal resources;

2. Working with the appropriate agencies, delineate the roles
and responsibilities of the State agencies as set out by statute in
matters pertaining to the natural resources of the Coastal Zone;

3. MWork with the General Land Office and the Attorney General in
establishing a comprehensive policy concerning coastal lands, including:
(a) policies on the sale and subsequent use of Texas' submerged lands,
(b) clarification of ownership of lands resulting from erosion/accretion
shifts, (c) delineation of Timits of State and private ownership,
and (d) equitable compensation for all economic uses of State lands;

4. Give every assistance to member pollution control agencies in
their continued anti-pollution activities; «

5. MWork directly with the Institute of Marine and Coastal Law
and other experts on legaiistic problems of coastal resouce management;

6. Work with the Coordinating Board for Higher Education, State-
supported universities and colleges, the Advisory Council for Technical-
Vocational Education and the Central Education Agency in encouraging
the development of marine-related curricula, conservation education,
and marine-related research programs; A

7. Investigate the feasibility of applying procedures of resources
analysis developed in the Coastal Resources Management Program to other
areas of the State;

8. Work with the Texas Water Quality Board, the Texas Parks and
Wildlife Department, the Water Rights Commission, the Water Development
Board, the Air Control Board and other concerned agencies in developing
a consistent and logical policy for power plant siteing;

9. Coordinate with the Texas Historical Survey Committee and provide
through the Coastal Resources Management Program for the preservation of
culturally and historically significant sites which might be destroyed
or affected by natural resource use; and

10. Coordinate with the Interagency Transportation Council on
matters related to transportation's effect on land use and resources
in the Coastal Zone.

11. Cooperate and coordinate with other advisory bodies established
by the Legisiature. :

Sec. 2. The Interagency Natural Resources Council is authorized
and directed to meet in open session at least once every quarter. The
time, place, and agenda of the quarterly meeting shall be made known
to the public at least ten (10) days in advance of the meeting.

Sec. 3. The Interagency Natural Resources Council shall report
activities and progress of the Coastal Resources Management Program to the
menbers of the Legislature at least once every three months until the final
repart is submitted by December 1972.
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Sec. 4. The results of the actions of the Interagency Natural
Resources Council pursuant hereto shall be incorporated in its final
report on the Coastal Resources Management Program, to be submitted
by Decenber 1972,

SENATE CONCURRENT RESOLUTION NO. 9

Authorizing and divecting the Interagency Natural Resources Council
in its Coastal Resources Management Program to conduct certain important
environmental, legal and economic investigations relating to the protection,
conservation and development of Texas' coastal resources and the coastal
environment.,

WHEREAS, The Interagency Natural Resources Council is conducting the
Coastal Resources Management Program, a comprehensive study of the State's
submerged lands, beaches, islands, estuaries and estuarine areas, including,
but without limitation, coastal marshlands, bays, sounds, seaward areas
and Tlagoons, pursuant to Senate Concurrent Resolution No. 38 of the 6lst
Texas Legislature, Regular Session; and

WHEREAS, The Summary of the Interim Report submitted by the Interagency
Natural Resources Council to the 62nd Texas Legislature, Regular Session,
pursuant to said Senate Concurrent Resolution No. 38, finds that the
Coastal Zone of Texas, representing an invaluable social and economic,
and in some respects irreplaceable resource to the State and Nation, is
experiencing pressures of urban, industrial, and agricultural growth
that are causing a general degradation of the environment, that such
conditions will worsen unless steps are taken to maintain a balance
of conservation and economic development, and that the Coastal Resources
Management Program during the next two years should concentrate on
coastal enviornmental problems, their solution and the legalistic
mechanisms necessary for full implementation of the Program; and

WHEREAS, It is in the best interests of the people of Texas and
the policy of the Legislature that the coastal environment be upgraded
and maintained at a high level; now, therefore, be it

RESOLVED, By the Senate of the State of Texas, the House of Repre-
sentatives concurring, that the following be accomplished:

Section 1. The Interagency Natural Resources Council in its
Coastal Resources Management Program, working through its member agencies
and other qualified parties, is authorized and directed to conduct
studies of and encourage cooperation in the following:

1. Existing pollution and environmental problems including those
unrelated to waste disposal, including information concerning their sources,
long-term effects and solutions;

2. The environmental effects of proposed hurricane protection
measures and other man-made additions to and modifications of our Coastal
Zone;



3. Alegal analysis of institutional authority and responsibility
necessary for the proper implementation of a Coastal Resources Manage-
ment Program;

4, An inventory of remaining mineral resources, replenishable
or alternative substitutes for those resources, and means by which
to extract those resources with minimal environmental losses;

5. The long-tern effects of man-made substances such as oils,
farm chemicals and pesticides upon the nautral environment;

6. The use of a multidisciplinary approach in developing a
practical and usable method for evaluating the consequences of alter-
native environmental management proposals including the assessment
of consequences of varying land-use patterns;

1. Means of supporting research leading to a better understanding
of natural meteorological and geological phenomena such as hurricanes, northers,
subsidence, erosion, etc., with a view toward minimizing destructive effects;

8. The availability of data for preparation of a comprehensive source-
book of existing marine resources in the Gulf;

9. The Tektite Program of the Marine Biomedical Institute of the
University of Texas Medical Branch at Galveston, and various research
programs related to Coastal Zone resources with a view toward encouragement
and support of marine-oriented research;

10. The cost to future Texans of unnecessarily depleting economically
important nonreplenishable resources, including effects on long-term
income and empioyment opportunities; and

11, Evaluation of the economic potential of resource utilization
in the Coastal Zone.

Sec. Z. The Interagency Natural Resources Council will include the
findings of these investigations and studies in its final report on
the Coastal Resources Management Program to the 63rd Texas Legislature.
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THE CLIMATE AND PHYSIOGRAPHY OF THE
TEXAS COASTAL ZONE

I. OVERVIEW

Physiographers (.., Fenneman and Johnson, 1946) have classified
the entire Coastal Zone of Texas as part of the West Gulf Coast Section
of the Coastal Plain Province. The immediate Coastal Zome is almost
uniformly flat and Tow with a gradual increase both in height and
relief to the north and west. The Coastal Plain Province terminates
abruptly at the Balcones Escarpment which generally follows a Del
Rio-San Antonio-Austin line. North of Austin, the transition is Tess
abrupt, but follows approximately a line fram Austin through Dallas to
the Qachita Mountaing in Oklahoma

A significant feature of the Texas (oast is the line of peninsulas
and off-shore islands which separates all the major bays, estuaries,
and lagoons along the coast from the open Gulf of Mexico. These
embayments are important commercial fishery areas in themselves and in
addition provide spawning grounds for many commercially impertant
species. Because the off-shore islands restrict tidal exchange, the
quantity and quality of drainage from the land surface is of extreme
importance to the biota of these bays, estuaries, and lagoons.

The climate of the Texas Coastal Zone is in general subtropical
with Tong warm to hot summers and short mild winters. The average
annual temperature (Fig. 1) shows a fairly regular decrease with
latitude from about 74° F. at Brownsville to about 70° F. at Sabine
Pass. In contrast to the north-south variation of temperature, the
average annual precipitation varies from east to west from about
55 inches per year at Sabine Pass to about 26 inches per year at
Brownsville (Fig. 2). On the basis of the spatial and seasonal dis-
tribution of temperature and precipitation, Thornthwaite distinguishes
four climatic belts along the Texas Coast (Fig. 3).

II. REGIONAL CLIMATIC PATTERNS

Upper Coast - The upper coast in this discussion coincides with
Thornthwaite's humid zome, In Texas, the zone extends from Louisiana
westward to West Galveston Bay.

The climate ig predominantly marine. Humidity is high, and
precipitation is abundant and fairly evenly distributed throughout
the year although there is a sTight maximum in the summer. This
summertime maximum may be attributed to local convective activity
associated with the sea breeze circulation and tropical disturbances
from the Gulf of Mexico.

During the Summer, afterncon temperatures are typically lowered
along the coast by the sea breeze which is an on-shore wind resulting



from temperature differences between the land and sea surfaces.
Frequently convergence in the Tow-Tevel wind field caused by the
sea breeze circulation leads to afternoon and evening rain showers.

Winters are typically mild. Invasions of cold continental air
masses usually Tast only two to three days depending on the intensity
of the system before the mild southerly air-flow which prevails in
this season returns bringing warmer temperatures. The climatological
expectation is for from five to ten days during the winter with
temperatures 32% F. or below. The mean date of the first freezing
temperature is December 15, while the mean date of the last freezing
temperature is February 15. Snow is rare, with the mean annua
snowfall less than one inch. Spring and Fall in this zone generally
resemble the summer climate with occasional cooler periods resulting
from invasions of modified polar air masses.

Middle Coast - The middle coast extends from western Galveston Bay

to southern Corpus Christi Bay. Thornthwaite (Fig. 3) distinguishes
tuo climate types, vet subhumid and dry-subhumid, in this zone
however, this distinction is based mainly on total precipitation. The
climate in this zone becomes progressively drier and more continental
toward the west and south., The precipitation regime here is more
characteristic of that in most of the interior of the State, that is,
there is a maximum of precipitation in the late Spring with a
secondary maximum in early fall. The average annual precipitation

in this zone decreases fairly reqularly to the west from about 46
inches to about 34 inches (Fig. 2).

Mainly because of the irreqularity of the coastiine in this zone
and the barrier islands, the sea-breeze circulation in summer is less
well developed here than on the upper coast, although it does have
significant cooling effects near the shoraline. Convective activity
associated with the sea-breeze circulation contributes Tess to the
summer rainfall in the area so that the May-September maxima common
to the];nterior are evident in the average annual distribution of
rainfall,

Cold air masses traversing this area in late fall, winter, and
early spring are usually considerably modified by the time they reach
the coast. Mean annual number of days with temperatures of 32% F.
or below is about five or less. On the average, freezing temperatures
occur between December 15 and February 15 in common with the upper
coast. Snow is rare. The climatological expectation of days with
temperatures of 90% F. or above rises to about 90 per year in this
area in contrast with only about 60 days per year in the upper coast
zone.

Lower Coast - The Tower coast extends from southern Corpus Christi
Bay to the Rio Grande. Thornthwaite (Fig. 3} classified the climate



as semi-arid. Average annual precipitation ranges from about 34
inches along the coast in the north to about 26 inches at the mouth

of the Rio Grande (Fig. 2). Precipitation decreases fairly rapidly
inland to the west so that Mission only about 50 miles from the coast
along the Rio Grande has an annual average of less than 20 inches.

The monthly distribution of precipitation in this area exhibits maxima
in May and September.

Surmers are long, hot, and relatively dry in this zome. The
s1ight cooling effect of the sea breeze circulation, and the small
amount of sunmer cloudiness in this area are evidenced by the fact
that the mean annual number of days with maximum temperature of
90% F. and above is about 90 near the coast but increases to 120 or
more about 50 miles inland. Spring and Fall resemble Summer here,
with more rain and slightly more moderate temperatures.

Winters are short and mild. The mean length of the freeze-free
period in this zone is about 330 days. Freezing weather occurs on
the average from Jess than two days in the south to about five days
per year in the north part of the lower coast. Cold air masses which
penetrate as far south as the Tower coast in winter are much modified
in passage so that temperature changes in this zone are much less
pronounced than those in the Austin area for example. Only about
once in ten years on the average do cold outbreaks severe enough to
damage winter crops and fruit tress occur in this area.

III, HURRICANES

Historical Patterns - Hurricangs have struck the Texas Coast throughout
history, some with disastrous results. There is no reason to believe
that there will be any striking change in either the frequency or the
pattern of future hurricanes affecting Texas (Fig. 6). The frequency
with which hurricanes strike Texas shows considerable variation,

there have been hurricane-free periods of up to six years (1903-1908)
followed by years of higher frequency. In both 1933 and 1942 two
hurricanes struck Texas. Based on the record from 1300 to the present,
it can be empected that on the average, a hurricane will strike some-
where on the Tewas Coast about once in two years.

Hurricanes which affect Texas form in the southern North Atlantic,
the Carribean Sea, and the Gulf of Mexico. The most favorable lacation
for formation of these hurricanes varies from month to month in the
hurricane season which extends from June through October. Hurricanes
occasionally form in the period November through May, but none are
known to have affected Texas in these months, About two-thirds of the
hurricanes which have struck Texas have occurred in August and
September, while the remaining one-third have occurred in June, July,
and October.



Hurricanes develop from easterly waves in the zong of convergence
between the northeast and southeast trade winds which is located as
much as twelve degrees north of the equator in August. Easterly waves
are common in the tropics. An easterly wave will pass a given station
in the trade wind belt twice a week on the average. Most easterly
waves are stable and may travel thousands of miles with no further
development, but occasionally, when conditions are favorable, an
easterly wave will become unstable and will intensify further becoming
a tropical cyclone.

Tropical cyclone is the generic term for all cyclonic circulations
developing over tropical waters, Four stages in the development of
a tropical cyclone are distinguished: tropieal disturbance, tropical
depression, tropieal stom, and hurricane. The Stages are marked
by increasingly well organized rotary circulation and higher wind
speeds (Fig. 7{. A hurricene, for instance, has pronounced rotary
circulation and maximum winds of 74 miles per hour or more.

A tropical cyclone on reaching land or recurving over the cooler
water of the North Atlantic may dissipate, or it may take on extra-
tropical characteristics and continue its path of destruction far
to the north. A1l tropical cyclones have the potential for producing
extreme rainfall when passing inland; the hurricane, of course, being
the most intense stage of tropical storm development, poses the
additional threat of damage from high tides, wind, and tornados.

IV. HURRICANE. DESTRUCTION

Tides md Wave Aetion - By far, the greatest destruction and Toss of
Tife along the Texas Coast have resulted from a ecombination of
hurvicane tide and wave aetfon. AS a hurricane approaches the coast,
water is piled up to the right of the hurricane's path by the on-shore
wind (Fig. 4). When coupled with astronomical high tide and the rise
in water level because of the low atmospheric pressure within a
hurricane, abnormally high tides of the order of 15 feet may be pro-
duced on the open coast ?Fig. 5). Still higher tides have been
observed in bays along the coast.

A particularly destructive feature of some hurricanes is the
storm surge the explanation of which is not well understood. The
storm (or hurricane) surge is a rapid rise in water Tevel of several
feet in a few seconds which coincides approximately with the arrival
of the center of the storm, During the September 8, 1900, hurricane
at Galveston in which about 6,000 Tives were Tost, Dr. I. M, Cline
who was then in charge of the Weather Bureau at Galveston describes
2 sudden »ise of water level of four feet in as many seconds.

Wind - Representative wind readings during hurricanes are scarce for
several reasons. Even if wind instruments are installed in an area



where a hurricane strikes they usually fail before maximum wind speeds
are reached. Most wind instruments which are strong enough to with-
stand hurricane winds have considerable inertia and do not indicate
gusts accurately, Tests with specially installed "gust meters" have
indicated that hurricane gusts may exceed the steady wind by 50 percent,
thus in a steady 150 m.p.h. wind, gusts might reach 225 m.p.h.. In
spite of the Tack of data it seems likely that most hurricanes have
steady winds of 100 m.p.h. at some time in their 1ife cycle, 150 m.p.h.
winds are not uncommon, and in some extreme cases winds have exceeded
200 m.p.h..

The force exerted by the wind on a structure increases as the
equare of the wind speed. [Engineers have estimated that while a
60 m.p.h. wind exerts a force of 15 pounds per square foot, a 150 m.p.h.
wind exerts 112 pounds per square foot, Actual force on a structure
may exceed one and a half times the direct frontal pressure, depending
on the shape of the structure, because of negative pressure on the
leeward side.

Added to the dynamic force of the wind is the emergy contained in
heavy, wind-bleum debrie which may damage or destroy a building which
could otherwise withstand the wind pressure. Flying debris has been
responsible for many deaths and injuries in past hurricanes.
Fortunately, the windspeed in most hurricanes decreases rapidly as the
storm moves inland. Hurricane Celia (August, 1970} was a notable
exception in that not only did most of the damage in the coastal area
result from high winds (maximum reported 161 m.p.h.), but it still
produced 90 m.p.h. gqusts as far inland as Del Rio. .

Flooding - Next to wave and tide action, hurricane floods are the
second greatest source of deaths, injuries, and damage. As a hurricane
moves inland, the winds tend to be retarded by surface friction and

to blow more directly inward toward the storm center thus increasing
low-1evel convergence and the rainfall rate. When the vertical motion
induced by the increased convergence is added to 1ifting by higher
terrain or a frontal surface, torrential rains can result. Twenty

to thirty inchee of rain during the passage of a dissipating hurricane
are not unusual. While this amount of rainfall in a period of a few
days may produce long-lasting high water in flat, low flying areas

near the coast, only water damage to buildings, furnishings, crops, and
equipment usually result with much inconvenience but 1ittle loss of
lTife among the inhabitants. But in hilly or mountainous regions
catastrophic floods may result with heavy flood damage and great loss
of life. Runoff from hurricane rains may greatly decrease the salinity
of coastal embayments temporarily.

Hurricane Beulah (1967) is an example of & hurricane producing
widespread and extensive damages from flooding. While two other Texas
storms have produced higher rainfall rates (Hearne, June, 1899 - 24
inches in 24 hours; and Thrall, September, 1927 - 38.2 inches in 24
hours), Beulah stands alone when the extent of heavy rains is



considered (Fig. 9). Al Texas streams from the Nueces south and west
to the Rig Grande and streams in northeast Mexico experienced flooding
following the passage of Beulah. Floods on many of these streams were
greatly in excess of previous record floods. Fortunately, Beulah
turned to the south and west after crossing the coast rather than
following the more normal path to the northeast which would have taken
it through the more densely populated and highly developed central and
northeastern portions of Texas in which case damages and Toss of life
would 1ikely have been even greater,

Hurricane Tornados - Tornados are frequently reported in association
with the passage of hurricanes. It is Tikely that many tornado
occurrences are unocbserved amid the general destruction of & hurricane
passage. Study of hurricane tornados indicates that they occur only
in the forward semicircle or along the advancing periphery of the
storm and that they are generally less severe than the usual inland
tornado with a shorter and narrower path.

Hurricane Beulah was also unique in the number of reported
tornados. The E.S.S.A, State Climatologist for Texas has confirmed
reports of 115 tomadps associated with this storm from areas as
widely separated as Houston and Austin. The most severe of these
occurred at Palacios where three persons were killed and five were
injured.

V. HURRICANE PROTECTION

Erigting Protection - Hurricane protection work along the Texas Coast
has taken the form of protection from storm tides and waves by sea walls
and levees, and by drainage structures to lessen damage from flooding.
No protection is offered against hurricane winds and tornados although
experience in other states has demonstrated that strict building codes
in hurricane prone areas can reduce wind damage significantly.

The Galveston Sea Wall was the first protective structure to be
constructed along the Texas Coast. It was constructed following the
disastrous hurricane of 1900 and has since been improved and extended
to offer additional protection to the city. Other hurricane protective
structures are located at Port Arthur, Texas City-La Marque-Hitchcock,
Corpus Christi, and at Freeport. Other small scale protective works
exist but are probably inadequate for protection in a severe hurricane.

Puture Plans - Historically, hurricane protective work has had to wait
on development along the coast line and usually on the passage of a
destructive hurricane through a highly developed area. However, the

U. 5. Army Corps of Engineers is presently investigating the feasibility



of providing hurricane protection to the entire coast of Texas by
erecting levees along the beaches and the barrier islands with
secondary protective structures to protect developed areas along the
inshore bays. These studies are scheduled to be completed in 1973.

It seems likely at this time that protection of the entire coast
of Texas will prove infeagible from the standpoint of expected benefits
and costs along many thinly populated sections of the coast, but the
plan could serve as a guide for a future integrated protective system
of the entire coast as development occurs.

Burricane Warnings - Modern communications and surveillance of
hurricanes by aircraft, radar, and satellites coupled with improved
forecast techniques have greatly increased the time available to pre-
pare for a hurricane. Such preparation may include mass evacuatfon
of the threatened area, for instance, in Hurricane Carla (1961) an
estimated 350,000 persons fled inland from the coasta) areas of Texas
and Louisiana. There i5 no doubt that the evacuation greatly reduced
the death toll.

Especially needed in this comnection is a foolproof forecast
toehnique. Preparation for a hurricane in a highly developed area
can be very costly, but of necessity, hurricane warnings are issued
for larger areas than actually prove necessary to allow for Tast
minute changes in path thus requiring some areas to prepare unnecessarily,
Many scientists are studying the problem and better understanding of
the process of tropical cyelone gemesis will probably lead to improved
forecasts and possibly to reduction of the intensity of hurricanes which
threaten coastal areas by some form of weather modification,

VI. (HARACTERISTIC GULF CURRENTS

Locations and Divections - The semi-permanent off-shore currents along
the Texas Coast are governed by the main stream of the North Equatorial
Current which enters the Gulf of Mexico through the Yucatan Channel,
The eastern part of this flow turns to the right to flow out through
the Florida Strait. The westarn part divides into two currents, one

of which flows westward along the upper coast of Texas while the other
flows to the north along the Jower coast. These two currents meet
along the central coast of Texas in a convergence zone which is Tocally
known as the whinlpool of the Gulf. The two semi-permanent along-shore
currents along the Texas Coast as well as the convergence zone remain
fairly constant from year to year, but shift in location and relative
strength in response to seasenal changes in the prevailing wind, Winds
and tides vesulting from hurricanes and other tropical cyclones have
only a transitory effect on these semi-permanent currents.



Seasonal Variations - 0ff-shore currents off Sabine Pass are to the
west and those off the Rio Grande are to the north throughout the year,
Winds influence only intensities and minor changes in direction of
these currents and the location of the convergence zone.

During January, February, and March, the westward and southwestward
current is well developed in response to the prevailing easterly winds
during this season. The convergence zone is located off Aransas Pass.
In May the winds shift to southeasterly and the northerly current off
the lower coast extends further north shifting the convergence zone
along the coast to the vicinity of the mouth of the Colorado River.
This condition prevails during the summer with the northerly current
along the lower coast reaching its greatest development. In September,
the prevailing winds shift abruptly to the east and the convergence
zone shifts to the southwest off Corpus Christi Bay, In the winter,
the southwest nearshore current along the upper coast reaches its
greatest development at the time when the prevailing winds have their
most northerly component.

Performance as Pollutant Dispersers - Because the prevailing currents
along the Texas Coast have an alongshore and in some cases an onshore
component they function poorly as dispersers of pollutants. Alongshore
currents carry sediments from the Mississippi, which drains most of

the interior of the continent, for considerable distances along the
Texas Coast. In these sediments, one finds much of the waste materials
produced in the Central United States. Mississippi sediments have been
identified as far to the west as the continental shelf off Rockport.

It is reported that Rio Grande sediments are transported as far north
as the Rockport vicinity, but there is some disagreement as to the
extent of northward transport.

Surprisingly, in view of the importance of the Gulf of Mexico to
the United States, Mexico, and Cuba, little is known in detail of the
ocean currents and circulation. Since about two-thirds of the United
States and more than half of Mexico contribute sediments - and
pollutants - to the Gulf of Mexico, studies of ocean currents,
circulation, and the effects of pollutants on the biota of the Gulf
should have high priority.

VII, PHYSIOGRAPHIC FEATURES

Hater Courses and Deltas - Texas is drained by ten major river systems
which enter coastal bays, estuaries, and lagoons or empty directly

into the Gulf along the Texas Coast. In order, from northeast to
southwest, these are: the Sabine, Neches, Trinity, San Jacinto, Brazos,
(olorado, Guadalupe, San Antonio, Nueces, and Rio Grande. In addition
to these major systems, there are many minor coastal drainage systems
which feed into the Gulf or the coastal embayments. OF the major



streams, only the Brazos, Colorado, and Rio Grande empty directly into
the Guif. The Rio Grande normally has little or no flow at its mouth
because of heavy demands in its Tower reaches for municipal, industrial,
and irrigation water.

Little delta building is presently taking place along the Texas
Coast. There are many factors which influence this lack of delta
building including the prevailing alongshore currents off the Texas
Coast and the many upstream dams on Texas streams which considerably
reduce the sediment load reaching coastal waters. [In the case of rivers
emptying into coastal embayments, the river water tends to ride over the
denser saline water in the bays so that sediments are well distributed
within the bays by local currents. The Trinity delta, for example, has
built forward only approximately three tenths of a mile since 1855.

The most spectacular detta building episode occurred on the
Cotorado which had been dammed by a Tog jam prior to 1926 when the
log jam was gradually cleared. Between 1930 and 1936, the Colorado
delta built forward four miles across Matagorda Bay cutting the bay
into two arms. The Colorado now has a direct exit into the Gulf. It
is believed that the majority of the sediments used in the rapid delta
building sequence had previously been trapped behind the Tog jam.

Estuarine and Beach Areas - The Texas Coast is an almost continuous
series of bays, estuaries and lagoons from Sabine Lake through the
Laguna Madre. The central depths of these embayments range from about
four to thirteen feet axcept for areas near inlets, where local tidal
currents may scour holes 30 to 40 feet deep, and dredged channels. The
average rate of deposition in these bays is on the order of about one
foot per century S0 that these embayments may be eliminated in Jess than
a millenium unless there is a rise in sea level. Indications are that
the Brazos River has already filled its bay. [t now flows directly
into the Gulf.

Texas bays penetrate about 30 miles inside the outer coast to the
"bay line" wnere the gentle slope of the coastal plain limits inland
progress of the bays. The bays are generally flanked by alluvial plains
which in their Tower ends are marshy in most places. Inside the bays
there are fluvial plains flanking the river valleys. Seaward of the
bays, there are barrier islands and barrier spits which protect them
from the open Gulf. The shores of many bays, as well as the open coast
and both sides of the barrier islands and spits have many miles of fine
sandy beaches which provide excellent recreational areas.

VIII. IMPACIS ON DRVELOPMENT

Climate's Impact - The mild climate of the Texas Coast and the long
frost free period have favored agricultural development. Crops range
from rice, which requires large quantities of water, along the Upper
Coast to forage in the drier sections. The Lower Rio Grande Valley



where irrigation water is available produces large and varied
crops mainly of fruit and vegetables as do other smaller areas
in the lower and middle coastal zones. The climate of the
Coastal Zone which permits outdoor activities year-round is
attractive to industry, and an increasing recreation-based
development is taking place in the area,

The main climatic hindrance to development is the threat
of hurricanes, but the proximity to raw materials in the case
of the petrochemical industry and other factors have outweighed
this threat in many cases especially in areas where hurricane
protection has been provided by sea-walls and levees.

Influence of Physiography - The coastal environment has led to the
development of Several major deep-draft ports along the Texas

Coast. For this reason, among others, many industries which require
access to world shipping lanes have located on the Texas Coast.

An important fishing industry has developed in the area, and the
proximity to both fresh water lakes and the bays and open Gulf
attracts an increasing number of boating and sports-fishing
enthusiasts each year. Hunters attracted to the coastal salt
marshes, which are major wintering and breeding grounds for

northern waterfowl, provide an important source of revenue.

Air Pollution - Aiv pollution along the Texas Coast has not
previously been a widespread serious problem although Tocal,
temporary pollution episcdes occur. Two factors have been
responsible for the relative freedom from air pollution problems
to date. First is the almost universal use of natwral gas by
industry in the Coastal Zone and 1ittle use of other less clean
burining types of fuel. The other factor is the naturally less
gtable stratification of the Tower atmosphere over the Texas
Coast coupled‘with higher average surface winds which cause
pollutants to be mixed throughout a deeper layer of the atmosphere
than in air pollution prone areas.

10
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LAND-USE PATTERNS, TEXAS COASTAL ZONE

I, INTRODUCTION

The interface of the sea and the land, inherent in a coastal
zone, prescribes a variety of land-use patterns. Variations in
relief (from Tow coastal marshes and river swamps to upland prair-
ies), in elimate (from temperate-humid along the upper coast to
semi-arid-subtropical in the lower coastal zone}, in soil fertility
{from fertile organic clays to barren sand), and in original
vegetation (woodlands, prairies, and marshes) are natural features
superimposed on the variety of land-use patterns attendant on
population and industrial concentration. Further, in the dynamic
and diverse environments of the Coastal Zone, the effects of man's
use of land and water on natural systems is drawn sharply into
focus. The result of these several factors is a complex pattern
of land, water, and submerged-land use. Detailed analyses of
the several Tand uses of the Texas Coastal Zone are beyond the
scope of this report. Data have been derived from a series of
extensive Coastal Zone maps currently in preparation by the Bureau
of Economic Geology; at present, these are only partially completed.
The categories shown on the accompanying map (Plate 1) and the
statistical delineation in Table I have been geneEa1ized and
derived from several of these more detailed maps.© Principal
general-use categories shown on Plate I include Agriculture (crops),
Range-Ranchland (cattle grazing), Woodland-Timber, Marsh (chiefly
range and wildlife), Swamp (primarily wildlife), Recreation,

Spoil, Made Land, Formal Wildlife Refuges, and No Principal Use
Pattern. Industrial, urban, and other cultural features are
shown on the Army Map Service topographic base (scale 1:250,000).
These features were adapted for use in Table I from detailed maps
of the Bureau's Environmental Geologic Atlas Series. Several

1Anticipated completion date is the late spring of 1971,

2Component maps of the Bureau of Economic Geology Environ-
mental Geologic Atlas of the Texas Coastal Zone, currently in
preparation, include (1) geologic-landform map, (2) engineering-
properties map, (3) topographic map, (4) active physical-properties
map, (5) land-use map, {6) mineral and energy resource map, (7) vege-
tation and animal distribution map, {8) man-made features map,
(9) climatic map, and {10) major depositional systems map. An
index and map are provided in Attachment A,



categories pertinent to Tand use and Tand-use patterns, partially
shown on Plate I, are given in the statistical summary of Table [.
These inctude
1. total area: includes both land and water; data for five
counties are partial, covering only that portion of the
the county shown on the accompanying map:
2. agricultural lands;
3. range-ranchland;
4. woodland-timber areas;
5. marshland-swamp (wetlands) areas;
6. bays (surface-water area);
7. urban-industrial-residential areas;
8. natural fresh-water bodies (surface-water area);
9, artificial reservoirs (surface-water area);
10. recreational lands (primarily public beaches);
1. made lands (reciaimed);
12, formal wildlife refuges;
13. no existing use (principally wildlife);

14, subaerial spoil mounds and spoil wash;

15, hurricane flood areas (areas of inundation by Hurricanes
Beulah and Carla);

16, bay-shore Tine;

17. open ocean-gulf shoreline;

18. total marine shoreline;

19. major drainage and irrigation canals;

20, major transportation canals.

.
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IT. BSPECIFIC USE PATTERNS

Following are brief notes on the patterns and distribution
of principal land and water uses of the Coastal Zone. These
cover the 18-county area of the Coastal Zone with the exception
of Harris, Jackson, Nueces, San Patirico, and Victoria Counties,
which have not been completely surveyed.

AGRICULTURE - Agricultural use of Tand is extensive within the
18-county area of the Texas Coastal Zone, with approximately

41% of the total land available in the area used for this purpose:
approximately 5,220 square miles are presently under eultivation.
Concentration is on the original prairie grasslands of the central
and upper Coastal Zone: agricultural use becomes Tess extensive
in the South Texas Coastal Zone with the progressive decrease in
rainfall, Total income from agricultural crops amounted to $16¢
million in 1969, with an additional value of $25 million in U. 5.
Goverrment payments, combined to represent about 10% of the total
State income for these items,

Land is used principally for the cultivation of rice, with
60% of the total production of Texas coming from the Coastal
Zone. Main producing counties, north of the San Antonio River,
include Brazoria, Chambers, Harris, Jackson, Jefferson, and
Matagorda. Relatively high rainfall and extensive irrigation
are main contributing factors.

A second important agricultural crop in the Coastal Zone
is grain sorghume, accounting for about 124 of the total State
production. Principal yields are centered in the Corpus Christi
area (Nueces and San Patricio Counties) and in the southernmost
part of the Coastal Zone (Willacy and Cameron Counties).

Use of Coastal Zone land in the production of cotton is
significant only in the Coastal Bend (Calhoun, Nueces, and San
Patricio Counties) and in the lower Rio Grande Valley (Willacy
County). Approximately 8% of the total State production comes
from the Coastal Zone.

Use of Coastal Zone Tand for production of corn and hay
is relatively minor, resulting in less than 3% of the total State
production. Concentration of these crops is in the central Coastal
Zone (Matagorda, Brazoria, and Harris Counties), co-extensive
with the area of principal beef production in the Coastal Zone.
Grains such as oats and wheat are grown locally, but not in signi-
ficant quantities.

With the exception of the subtropical lower Rio Grande Valley
(Willacy and Cameron Counties), Tittle land of the Coastal Zone
is used in the production of fruits and vegetables. Other areas
with at least Timited production of these crops usually surround
principal population centers.



RANGE-RANCHLAND - Approximately 42% (4,425 square miles) of the
total area of the Coastal Zone 1$ devoted to range and ranch sites;
marshlands also used as range sites include an additional 760
square miles. Principal sites include the more arid region of
South Texas, the Tow-lying coastal marshes, and the nonwocded
barrier islands and Tevees of the central and upper Coastal Zome.
The grazing of beef, the production of which accounts for nearly
10% of the State total, is the principal use of the range land and
is most significant in Brazoria, Harris, Jackson, Matagorda, and
Victoria Counties. Cash receipts for 1ivestock, mainly beef,

from the Coastal Zone amounted to about $83.5 million in 1969,

HOODLAND-TIMBER - Woodlands occur throughout the Coastal Zone

of Texas but are most extensive in Orange County (a southern exten-
sion of the Fast Texas Piney Woodlands), in Brazoria and Matagorda
Counties (along existing and ancestral drainage of the Colorado

and Brazos Rivers), and in Kenedy County {including vegetated

dunes of the South Texas sand sheet). Smaller areas of woodlands
elsewhere in the Coastal Zone occur along streams, including low-
swamp areas with water-tolerant vegetation, and on certain of the
ahandoned Pleistocene barrier island sands. Total woodland area

in the Coastal Iene is approximately 1,600 squave miles (Table I
and Plate I). Principal vegetation in the upper Coastal Zone
woodlands includes pine and mized harduoods; in the central Coastal
Zone, a variety of water-tolerant harduoods; and in the southern
Coastal Zone, chiefly oqk, Commercial timbering is not Significant
in the Coastal Icne and is restricted primarily to Orange County.
Some natural woodlands have been c¢leared for agricultural use in
the Coastal Zone, but the total acreage for this purpose is small.

MARSHIANDS - Approximately 760 square miles of the Texas Coastal
Zone exist as marshiands or wetlands. These include dominantly
Tow-1ying coastal lands, the back sides of barrier islands, and

Tow areas at the terminus of major river valleys and associated
bayhead deltas. Salt marshes, brackish marshes, and fresh-water
marshes (mapped separately in the Bureau of Economic Geology
Environmental Geologic Atlas Series) are restricted to areas below
the 4-feet above mean sea level. Grasses of varying tolerance to
fresh and salt water are the sole vegetation. Most of the marsh-
lands are used as ranch and range sites for the grazing of beef
cattle, although the lowest parts of the marshlands, commonly with
salt vegetation, are not overly suited for this prupose. Portions
of some of the coastal marshes have been reclaimed, some by filling
and others by draining. Conflicting and detrimental uses of marsh-
lands are considered in another section of this report.

URBAR-INDUSTRIAL=-RESIDENTIAL - General distribution of lands used
in this category and their relationship with other uses of the land
in the Coastal Zone are shown as a part of the Army Map Service
base on the accompanying map (Plate I). Data given in Table I

were derived from more detailed base maps. Specific breakdowns

in this category are not given at the scale of the accompanying

map but have been mapped in the Bureau of Economic Geology Environ-
mental Geologic Atlas Series.
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The principal urban and industrial concentration is in the
upper part of the Coastal Zone. Highest concentrations are in
Brazoria (Freeport area), Jefferson (Galveston area), Harris
(Houston area), and Nueces (Corpus Christi area) Counties. Nearly
1,000 square milee are included in this use category, based on
the area covered in the accompanying map. This does not include
all such land use in the 18-county Coastal Zone area; for example,
only about 20% of the urban-industrial area of Harris County is
included in Table 1.

RECREATION - The area designated as recreational use, Shown on

the accompanying map (Plate I) and on Table I, includes primarily
public beaches of the Coastal Zone. This amounts to a total area
of about 23 square miles. Not included are a variety of public
parks and other recreational areas, surface waters, and the National
Seashore of Padre Island.

FORMAL WILDLIFE REFUGES - Five major National Wildlife Refuges have
been designated in the Texas Coastal Zone: Amahuae Refuge in
Chambers County {69 square miles); fwo refuges in Brazoria County
(a total of 43 square miles); Aransas Refuge in Aransas County,
with a emall avea extending into Refugio and Calhoun Counties
(approximately 83 square miles); and Laguna Atascosa Refuge in
Cameron County, with a small part extending into Willacy County
(approximately 70 square miles). Total area formally designated

as wildlife refuge is about 213 square miles. In addition, wild-
1ife use is coestensive with many of the other use categories.

BARREN IANDS - Barren lands, or Tand for which there is no existing
use other than a Timited use for wildlife, comprise nearly 580 equare
miles in the Coastal Zome. Principal distribution of these lands

is in the semiarid southern part of the Coastal Zone from Klrberg
County south. Principally, these include extensive wind-tidal

flats landward of Padre Island, as well as some of the active dume
fields on the South Texas sand sheet. Smaller areas of wind-

tidal flats exist on the back side of barriers in Calhoun and

Aransas Counties. A small area of barren land exists in the coastal
mudflats of Jefferson County, just south of Sabine Pass.

MADE LAND AND SPOIL - Made land, or Tand built up to higher Tevels
by grading, represents about 34 square miles in the Coastal Zone.
These occur principally in metropolitan areas along the coast:

for example, the city of Galveston and most of Pelican Island are
both on made Tand. The areas indicated as subaerial spoil on

the accompanying table include only dredged sediment presently
above sea level: the category does not inelude the extensive areas
of subaqueous spoil within the bays. Subaqueous spoil generally
flanks dredged canals either as submarine mounds or as reworked
spoil flats; subaerial spoil is most extensive in areas where

the Intercoastal Canal is cut into land. Some of the spoil areas
have re-established vegetation; other areas are barren.



WATER - The extensive bays of the Coastal Zone comprise the principal
surface-water bodies, covering approximately 2,100 square miles

and making up about 13% of the total surveyed area of the Coastal
Tone (Table [ and Plate I). Principal bays and estuaries include
Sabine Lake; Trinity-Galveston Bay, including East and West Bays;
Matagorda Bay, including East Matagorda Bay; Espiritu Santo Bay;
Lavaca Bay; San Antonio Bay; Aransas Bay, Copano Bay; Corpus Christi
Bay; Baffin Bay; and Laguna Madre. The bays of the Coastal Zone
have extensive uses, many of which ave conflicting - commercial

and sport fishing and oystering, recreation, shell dredging, and

0il and gas production with their accompanying pipeline systems.
Some of the conflicting uses of the bays are considered in another
section of this report. Specific features of the mineral industry's
uses of the bays are considered in the Task Area on Minerals and
Mining.

Fresh-water bodies existing either as natural-water bodies
or as artificial reservoirs comprise the other water areas of the
Coastal Zone. The surface area of natyral-water bodies in the
Coastal Zone is about 7,700 square miles; artificial reservoirs
cover about 65 square miles (Table I and Plate I).

HURRICANE FLOOD - Approximately 3,208 square miles of the lower
parts of the Texas Coastal Zone have been inundated by salt water
from surges of Hurricanes Carla and Beulah during the past decade;
particularly prone to flooding are the Tow coastal marshes and
the Tower reaches of the main river valleys. Coastal flood aregs
are not specified on the accompanying map (Plate I); statistical
data reported in Table I are based on detailed maps of hurricane
flooding prepared as a part of the Bureau of Econcmic Geology
Envi;onmental Geologic Atlas Series (available in the spring of
1971).

SHORELINE - Tota) shoreline in the Texas Coastal Zone amounts to
sTightly aver 1,890 miles. Of this total, 1,419 miles are hay
shoreline and 375 miles ave open-ocean or gulf shoreline. These
figures are computed from detailed 715-minute topographic maps

of tha Coastal Zone, most of which were constructed during the
past decade. The shoreline is a dynamic zone subject to constant
change in the form of erosion or accretion: it is thus subject
to change in total Tength, The main physical processes of the
shoreline are considered in another section of this report.

CANALS - An extensive canal system has developed in the Texas
Coastal Zone, including both transportation canals and irriga-
tion-drainage canals. Major transportation canals amount to a
total of 668 miles within the surveyed part of the Coastal Zone
{Plate I and Table I); this figure includes the portions of the
transportation canals dredged within bays, as well as the land-
cut parts of the canals. Approximately 3,120 miles of irrigation
and drainage canals have been cut in the Coastal Zone, mostly
coestensive with agricultural lands.

I3
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III. PHYSICAL PROCESSES

Determining factors in land use are the degree, variety, and
nature of physical processes. In the dynamic environments of the
Coastal Zone, these factors assume prime importance. A distinct
suite of processes affect the barrier islands, the bays, lagoons,
and estuaries, and the mainland. Among the more important processes
are those that determing rates of erosion or accretion by either
vater or wind, extent and kind of flooding, and transportation and
dispersal of sediments. Following is a brief outline of the main
physical processes existing in the Texas Coastal Zone, Tisted
in terms of natural systems and theiy component environments.

A.  BARRIERS

1. Shoreface (offshore, 0 to approximately 30 feet)

3. Normal sea conditions - Onshore and Tateral trans-
port of sand by bottom curvents (tidal and wind-
generated waves). Some suspension material
deposited on the lower shoreface and mixed with
sand through organic activity.

b. Storm conditions - Sand and shell are transported
onshore as large sand waves. Sand and mud are
carried offshore in suspension by turbidity currents
and are deposited on parts of the shoreface.

2, Foreshore and backshore

a. Normal sea conditions - Sand is spread in thin
sheets on the foreshore by swash and backwash;
some of this sand is transported by wind across
the berm onto the backshore where it may accumu-
late as coppus mounds. Some areas of the back-
shore are deflated of sand, Teaving & pavement
of shell and shell debris.

b. Storm conditions - Under storm conditions the
foreshore is eroded and sand is deposited as a
storm beach above normal high-tide mark. The
beach is reworked by eolian processes.

3. Foreduna ridges

These ridges accyete tnder prevailing southeast-wind
conditions; sand is derived from the backbeach area.
Hurricane tracks passing gver the barrier severely

erode the foredunes. Vegetation is the main agent

of dune stabilization; this may be severely affected

by overgrazing., Salt-tolerant plants are the main
stabilizers; therefore, exceptionally heavy rainfall

may reduce the plant cover, resulting in dune activation.

4. Beach-aceretion ridges
These are affected by the same processes that operate
on foredunes.



5.

Storm chanmels and washover fans

Chamnels are scoured during storms; sand 15 transported
by unidirectional currents toward the bay during storm-
surge flood. Sand deposition occurs within the channels
as bars and sheets that spread radially away from the
distal parts of the channel. These bars form a coalescing
sand body called a "washover fan." Some sediment returns
seaward through storm channels during the ebb surge.
Under normal sea conditions, the seaward part of the
channel is sealed with sand that is swept along shore
and into the channel mouth by Tongshore drift; this
sediment is then transported bayward with the next

storm. Once established, storm channels are avenues

of high-velocity storm currents.,

Blowouts and dunes

Foredune ridges and beach accretion ridges, when

barren of vegetation, are eroded by the wind. Sections
of foredunes or beach-accretion ridges may be breached
when vegetation is removed by fires, overgrazing, etc..
Intense Tocal scour by the wind is termed a "blowout."
Downwind from blowouts sand migrates as dunes; dunes
will continue to migrate downwind until stabilized

by vegetation or until they meet with a body of water.
Likewise, blowouts will remain active until the breach
is vegetated.

Vegetated barrier flate

Sediment accumulation here is chiefly fine sand blown
into the area from beach and foredune areas by the
prevailing southeast wind. Biologic activity here
consists of root-mottling and burrowing by rodents
and crustaceans.

Wind-tidal [late

Wide, barren areas lying between the vegetated barrier
flats and the coastal bays receive much of their
sediment from the bay. Generally during periods

of strong north wind, these flats are inundated and
fine sand is moved across the flats by wind-generated
currents. Suspension material settles across the flats
as the water recedes following cessation of the wind.
These flats also receive some sand and mud brought into
the area at time of storms; at other times, under
normal bay-level conditions, wind-transported sand
derived from barriers accumulates here, These are
areas of great variation in intensity of physical
conditions: temperature fluctuation is extreme, and
chemical properties of surface and interstitial water
is quite variable,

e



B. TIDAL CHANNELS

1.

Main channel

Main channels are the primary Tines of communication
between the Gulf and the bays. Tidal range along the
GuIf of Mexico 1s Tow (1.5-2.0 feet), and tidal currents
are of relatively Tow velocity, Strong, persistent
winds either offshore or onshore sometimes increase
flow through tidal channels. Ouring flood tide, the
highest velocity is attained on the seaward Side of

the channel; during ebb tide, on the bayward side.
Uirection of flow through channels reverses itself
twice dafly with the tides. Deposition occurs at

the bayward and seaward ends of channels by vertical
accretion and along the channel banks. On the Texas
Coast, lateral accretion is along the east bank. Holes
are scoured in the channel at points of current conver-
gence on the Gulf side and the bay side during flood
and ebb tides, respectively.

Flood delta

Flood deltas, on the bay side of tidal channels, are
constructed of sediment largely derived offshore. Jet
flow develops at the distal end of the main channel;
here, as the flow spreads radially, distributary channels
form, and sediment accumulates as sand and mud shoals,
Shoals may become emergent, creating new Jand, with the
subaerial part of the delta developing into marshes,
beach ridges, etc., that are affected by the same
processes that act on similar features on the barriers.
This type of land creation is especially significant

at the mouth of the Brazos River,

Ebb delta

Sediment from which the ebb delta is constructed is

also derived offshore. The process of deposition is

the same as on the flood delta - by a decrease in
velocity as the jet moves downcurrent from the channel
mouth. Higher physical energy (wind-generated currents,
primarily} in the Gulf waters than in the bays redistrib-
utes much of the ebb-delta sediment and prevents
emergence of these features.

C. BAYS AND LAGOONS

1.

Bay perimeter - &reas not permanently inundated.

Marsh, beach, and tidal-flat environments comprise

the bay area above sea Tevel. Processes on marshes

and beaches are generally the same everywhere; how-

ever, beaches along bay margins are less well developed
than those on the seaward side of barriers because

of a Tower physical-energy expenditure along bay margins.



0.

Beaches within hays are not affected by astronomical

tides; beach construction is by wind-generated waves.
Material from which beaches are constructed consists

of shell derived from barriers along the seaward-bay

margin and of either river-borne sand or sand derived
Tacally by undercutting of the Pleistocene,

2. Shoal, marginal deposits
In the larger bays, sand shoals occur along both the
mainland and barrier shoreline. Sand source is fluvial

(along mainland shore), from Pleistocene barrier islands,

and from the back side of modern barriers. Distribu-
tion is by Tongshore drift; breaker bars are associated
with unvegetated sandflats, particularly in either
areas that front the prevailing southeast winds or
areas that face into the tract of polar-air masses.
Processes here aré analogous to those operating on the
upper shoreface of barrier islands; however, physical

energy is less intense and biclogical activity relatively

greater than along the barrier shoreface. Where
bottom drift of sand is Tess vigorous, marine grasses
become established; these plants retard the movement
of the traction load and provide an energy baffie that
allows deposition of suspension load (muds).

3. Mud-gettling basin
Suspension-load material is derived from rivers, from
the Gulf, and from undercutting of Pleistocene deposits
along the mainland shore. Mud is supplied to bays from
the Gulf through storm chanrels and tidal channels
during storm-surge flood. Mud is the dominant sediment

in most bays where water depth is 6 feet or more. Under

normal bay conditions, transport of sand along the bay
floor occurs in water less than 6 feet deep.

4. Oyster reef
Sedimentation within bays is affected by the larger,

laterally extensive oyster reefs. Reefs cause an increase
in current velocity by decreasing water depth immediately

upcurrent and across the reef crest. As flow passes
beyond the reef crest, velocity again decreases and
pseudo-feces and syspension sediment are deposited.
Oysters themselves build up the bay floor by shell
accumulation.

BAYHEAD AND ESTUARINE DELTAS

These depositional features are the product of the inter-
play between fluvial and marine processes. Traction and
suspension load travel together through the fluvial system
to the mouth of distributaries. Beyond the mouth, traction
and suspension load are segregated; traction load (sand)

is dropped near the distributary mouth as current velocity

-



decreases abruptly. Suspension load (mud) is carried out
into the bay, where it accumulates as prodelta muds.

Most bayhead deltas front the prevailing onshore wind,
which drifts fine sediment into interdistributary and
marsh areas. Coarser material, sand, from the delta front
is spread laterally and onshore by wind-generated waves

to form relatively widespread sand sheets and beaches.
Delta surfaces are built up from fine grained Sediment
(predominantly silt and mud) transported to the area
through crevasse splays, from overbanking from distribu-
taries, and from mud brought in from bays and deposited

by wind tides. Much of the traction 1oad accumulates

in distributaries at about the point where the fluvial
system begins to become shallow and to break up into numer-
ous channels. Marshes, lakes, and swamps are inteqral
parts of deltas: these receive mostly fine sediment from
suspension. MWater in the lakes and marshes ranges from
fresh to normally saline.

« MARSHES

Areas permanently inundated by a few inches of water or
frequently floaded by astronomical tides are the habitat
of salt-tolerant plants. Marshes occur on barriers and
along mainland shorelines. Vegetation of these coastal
marshes displays zonation with elevation, and the salt
marshes are divided into Tow and high marsh. The Tow
marsh is dominated by Spartina alterniflora, which grows

in a few to several inches of water and can be seen forming
a narrow vegetated band along the bays and tidal creeks.
Where marginal areas are very shallow, Spartina alterni-
flora forms extensive marshlands. Landward, the Tow

marsh grades into succulent plants {e.g., Batis, Salicornia,
and Suaeda) and finally into Borrichia and Spartina

spartinae.

Physical processes range from the minimal to the intense.
Marsh sediment is disturbed by plant roots and burrowing
animals (crustaceans and worms). Sediment deposited in
marsh areas is transported into the area by a veriety

of processes and is derived from several sources. On
mainfand sides of bays, sediment deposited in marshes is
fluvially derived and is deposited by means of crevasse
splays, overbanking, and wind tides. Sediments of marshes
associated with barriers are deposited by wind tides,
eolian processes, and hurricane washovers. Coastal marshes
are areas of intense biological activity and extremes

in physical processes. Fluctuations exist in temperature,
in aridity, and in soil salinity. Because of their
vegetation, marshes are very resistant to erosion, even
when subjected to storm-generated currents and breaking
waves.

X
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FLUVIAL SYSTEMS

Most fluvial systems along the Texas Coastal Plain are

of the fine-grained meander-helt type, e.g., Trinity,
Brazos, and Nueces. The Colorado is a coarse-grained
meander-belt type, and the San Bernard is locally braided.
These stream types result from their particular types

of discharge. Braided streams have very short-duration
peak discharge, and fine-grained meander-belt streams have
relatively long-duration peak discharge.

Most of the coarser grained sediment of meandering streams
is deposited as Tateral accretionary features - point bars -
adjacent to the convex bank. Levees are constructed

of both traction- and suspension-Toad material that is
deposited along the channel banks at times when the stream
overflows the channel; relatively coarse material is
carried beyond the Tevee when crevasses are scoured through
them, These deposits are the fan-shaped "crevasse splays."
Beyond the levees, suspension Toad accumulates in the flood
basin; flood waters move very sluggishly and finally
stagnate. The flood plain is underlain by point-bar,
Tevee, and flood-basin deposits. The flood plain is
characterized by abandoned channel segments and meander
cut-offs that are later filled with overbank sediment.
These inactive channel segments show varying degrees of
sediment i1l and occur as linear or oxbow lakes, swamps,
marshes, or depressions filled with mud. Swamps and
marshes are best developed on flood plains near channel
mouths.

FOLIAN SYSTEMS

Sand transport is generally toward the northwest under
the driving force of the prevailing southeast winds.
Dunes commonly develop downwind from devegetated older
dunes. Blowouts result from devegetation of older dunes;
this vegetation is killed or physically removed by over-
grazing, fires, or storms. In this area, the wind is
able to remove sand down to the water table. This sand
moves downwind from the blowouts as parabolic or sief
dunes. Sief dunes have crests modified by northers, but
these north winds are not of sufficient duration to alter
dune shape significantly or to transport a large volume
of sand to the southeast. Dunes are ultimately stabilized
by a vegetal cover of grass, mesquite, chaparral, some
cacti, and, in some instances, live oaks.

Conditions which favor construction of an eolian plain
such as that in South Texas are (1) a local sand source
and (2) arid to semiarid climate. Sand here is derived
from underlying abandoned deltaic-plain and meander belts.
Winds blow from the southeast 9 months each year; average
annual rainfall is generally fewer than 20 inches.

”



IV. EFFECTS OF MAN'S ACTIVITY ON COASTAL ENVIRONMENTS

The numerous uses of Coastal Zome lands and waters by man
result in some use patterns essentially in harmony with matural
processes and in others that severely jeopardize the natural
balance: certain uses are in sharp conflict with other uses,
especially within the Coastal Zone bays. Proper land and water
uses will come only from a greater understanding of the natural
processes at work in the area and of their relation to man's
activity.

The purpose of this section is to outline some of man's
activity and its relation to the natural environments and
processes of the Coastal Zone.

CHANNELIZATION AND DREDGING - To date, the Coastal Zone bays

have been the site of extensive dredging and channelization,

involving the construction of transportation canals, access canals
for specific bay operations, and shell dredging. Al1 these activities
are deemed a necessary part of the existing Coastal Zone industries,
yet they affect the natural bay system significantly. Spoil dredged
from canals and piled along the margins of the canals tends to
compartmentalize the shallow bays and restrict circulation. Reworking
of dredged spoil by waves and currents provides the principal

supply of sediment to the bays. In many areas, marginal grass

flats - vital components in the bay ecosystem - are being blanketed

by reworked spoil, converting grass flats to barren sand areas.

Another type of channelization, construction of artifieial
passes between bays and the Gulf, affects the natural bay systems.
Every pass cut through the barrier islands decreases the tidal
surge through the existing passes. Most of the bays of the Texas
Coastal Zone can naturally maintain only one pass per bay; artifi-
cial channels have to be maintained by continual dredging. In
addition, passes, whether natural or artificial, receive the main
tidal surges during storms. Additional passes make the barriers
and the protected bay more vulnerable to storm destruetion.

DEVEGETATION - The importance of vegetation in land stabilization
is obvious when considering the changes in natural landforms along
the present Texas Coast. The upper Coastal Zonme is in a humid
clinate with mostly vegetated landforms; the southern part of the
Coastal Zone is subtropical, with relatively Tow rainfall and
fewer vegetated landforms. This dryness in large measure accounts
for the extensive inland dune fields and the active dunes on the
barrier islands of South Texas, as well as the extensive wind-
tidal flats of Laguna Madre. The devegetation of natural land-
forms, whether a consequence of development, overgrazing, waste
disposal, or marsh burning, exposes hare sediment to eroaion by
storm and by normal waves and currents and significantly reduces
the stability of the land. Vegetated barrier islands afford the



best natural protection from hurricanes and storms. Devegetation
in landside-drainage systems greatly increases the sediment load
of streams, resulting in increased infilling of the bays into which
the streams discharge. For example, the natural and artificial
drainage system of Gum Hollow, a small stream emptying into Nueces
Bay, delivered 270,000 cubie yards of sediment into the bay during
the heavy rainfall accompanying Hurricane Beulah. This resulted
chiefly because stabilizing vegetation in the stream was killed by
brine discharge from petroleun production operations.

LAND RECLAMATION - Artificial filling of bays and marshlands pro-
vides valuable shorafront development land or voom for industrial
expansion, but it also providss sediment for hurricane erosion and
redistribution, impedes effeative bay cireulation, and Tocally
reduces bay area, causing additional flooding elsewhere during
high water,

COASTAL CONSTRUCTION - Construction of numerous groins, piers,
Jetties, and platforms has modified circulation patterns within

many bays and estuaries. Erosion and deposition within the natural
system S upget, and entire baylines may become wnbalanced, resulting
in choking deposition 1n some aveas and damaging erosion in other
shoreline stretches. Necessary coastal construction should be

planned to minimize alteration of natural cireulation, thus preventing

unmanaged shoreline changes.

Several factors should be considered when planning coastal
structures designed to prevent destruction of property by hurricanes.
Barrier islands are matural barriers to much of the surge effect
of storms. Some of the storm's energy passes through natural
passes in the barriers to flush bays and naturally dredge tidal
channels. Because some hurricanes are of such great magnitude,
breaching in the form of washover channels permits additional
amounts of the storm surge to reach bays. Isolating back-bay
areas by man-made structures may adversely affect flushing of
these water bodies, a very critical process, since man has already
restricted the volume of streams entering the bays by construction
of upstream dams. Reduction of natural flushing processes would
inerease and emphasize the effects of pollution of the bay waters.

WASTE DISPOSAL - Most of the problems of waste disposal associated
with Targe industrial and metropolitan areas have been well publi-
cized. An area usually not emphasized is the disposal of waste
through subsurface media. Areas of permeable substrates should

be avoided as sites of disposal, since these permeable materials
directly connect with the ground-water system. Construction

of septic tanks in Toose and permeable spoil should also be avoided.
Abandoned sand pits may make readily available sites for waste
disposal from an immediate economic point of view, but they are
the worst possible sites form the standpoint of protecting ground-
water supplies. Extensive areas of the Coastal Zone are underlain
by tight impermeable clays which are ideal waste-disposal sites.
Unfortunately, these clays support the more fertile soils of the
coastal area.



MINERAL EXTRACTION - The bays and estuaries of the Texas Coastal
Zone are the sites of numerous ol and gas fields; they are also
sites for the dredging of shell, Both of these operations are
potential sources of pollution if production operations are not
carefuTly managed.
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AITACHMENT A

Purpose

The Environmental Geologic Atlas is designed to provide
critical information for planning and land use in the populous
and industrial coastal zone of Texas and for a better under-
standing of physical, biological, and chemical environments of
the coastal zone in order to assess and judge properly the status
of these resources.

Approach

Detailed mapping and study in the field and by Tight air-
craft; geologic environments, sediments, landforms were mapped
on 1:24,000-scale aerial photographs. Approximately 20,000
square miles of coastal zone from shoreface to about 50 miles
inland (see index).

Status

Four geologists and several technicians and cartographers
have worked for 18 months on the project. All mapping is now
complete and the maps and report are in preparation for publica-
tion,

Contents

The Environmental Geologic Atlas of the Texas Coastal Zone
will consist of a folio of 63 geologic and multi-colored environ-
mental maps accompanied by text expTaining use and interpretation.
The coastal zone was divided into seven map areas: Brownsville-
Harlingen, Kingsville, Corpus Christi, Port Lavaca, Bay City-
Freeport, Galveston-Houston, and Beaumont-Port Arthur. For each
of the areas, the following maps were prepared:

Brwironmental Geologic Maps: scale 1:125,000; total of
125 map units including landforms, sediments, bedrock, and
certain plant communities; Bureau-constructed base map
includes 5-foot contours, 3-foot bathymetric lines, paved
roads, cities, pipelines, and other physical and cultural
information. Emphasis has been on mapping basic units from
which a variety of data can be derived.

Land-Use Maps: Inventory (25 map units) of present use
including agriculture, range, woodland-timber, wildlife,
spoil and made Tand, recreation, residential-urban, indus-
trial, and sewage disposal.
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Water Systems - Man-made Features: Inventory (15 map
units) of made land, types of spoil land, jetties, piers,
sea walls, rivers, lakes, sloughs, estuaries, reservoirs,
canals and ditches, channels, and tidal inlets.

Engineering Properties: Distribution (15 map units) of
properties such as water-holding capacity, compressibility,
shrink-swell, drainage, relief, shear strength, plasticity,
flooding, permeability, mineral content, faults, and other
features.

Biologio-Assemblage Map: Approximately 45 subaerial plant
and subaqueous animal communities. '

Physical Processes Mgp: Hurricane surge and flood areas,
shoreline erosion, equilibriun and deposition, circulation
patterns, sediment dispersal, tidal data.

Salinity-Climgtic Maps: Contoured salinity in bays and estu-
aries during droughts and rainy seasons, average salinity;
graphs of salinity for each bay and estaury; rainfall data;

water and sediment discharge for rivers entering coastal zone,

Mineral and Energy Resources Map: Approximately 15 units
including source of sand and clay, oyster reefs, utility
lines, pipelines, quarries, oil-gas fields, sulfur fields,
salt domes, cement plants, power plants, brine wells and
other data.

Depositional Systems Mgp: Display of active or ancient
genetic units such as fluvial, deltaic, marsh, swamp,
barrier-cheniers, bay-lagoon-estuary, eolian and off-shore
systems,

Publication Date

The folio will be available during the first half of 1971,
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THE WILDLIFE RESOURCES
OF COASTAL TEXAS

INTRODUCTION

Texas has the third Tongest coastline of the 43 states which
make up the contiguous part of the United States. Only California
in the west and Florida in the east can lay claims to a more exten-
sive boundary between land and sea. In spite of this Tong coastline
Texas is generally not considered a maritime state, More importantly,
most Texans do not think of themselves as citizens of a maritime
province,

Governor Preston Smith is to be commended for being the first
governor in the history of Texas to recognize the maritime nature
of the state. Under his leadership the first conference of Texas
coastal resources and goals was held in Houston on September 10
and 11, 1970, The 61st Texas Legislature is to be congratulated
for appropriating funds to initiate a study of coastal resources
and to commence statewide comprehensive planning for the orderly
development of the coastal resources of Texas.

The Texas coast bathed by the waters of the Gulf of Mexico
extends for 367 miles from the mouth of the Rio Grande in the
extreme southern tip of the state to Sabine Pass on the eastern
border of Texas with the State of Louisiana, In reality Texas'
coastline is considerably Tonger than the 367 miles stated, because
our coast is made up of a complex system of bays, lagoons, and
estuaries protected from the open Gulf of Mexico by siender barrier
islands or peninsulas. Taking these indentions into account Texas'
coastline measures 624 miles.* Tewas inland waters which ave affected
by the tides cover same 1,3 million acres,

DEFINITION OF WILDLIFE

Webster's Third New International Dictionary defines wildlife
as: "Living things that are neither human nor domesticated; especially:
the mamals, birds, and fishes that ave hunted by man for sport or
food." For purposes of this survey we will select a definition of

*his figure can vary depending on how far into these inden-
tions ona goes.
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wildlife considerably narrower than "1iving things that are neither
human nor domesticated" but also broader than “the marmals, birds,
and fishes that are hunted by man for sport or food."

For obvious reasons we cannot discuss all living things (except
human or domesticated) that occur in the Texas coastal zone. The
mere 1isting of species of plants and animals found on our coastal
zone would far exceed the space and time limitations of this survey.
On the other hand, to restrict the meaning of "wildlife" to huntable
species would be too narrow.

Modern man is becoming increasingly concerned with species
of animals that have no divect importance as game. For example
we might call attention to the increasing number of people who
are amateur birdwatchers and are just as interested in non-game
birds as game birds. Shell collectors are another category of
people who deal with non-game animals which populate the coastal
zone. Therfore we would Tike to define "wildlife" as: . Those
species of undomesticated animale which are important to man from
the point of estheties as well as economics. Insects as well
as most {nvertebrates will not be eonsidered as "wildlife.”

DEFINITION OF COASTAL TONE

The Texas coastal zone, the area to which the present survey
applies, can be defined in a variety of ways. MWe have chosen,
however, to adopt essentially the definition of the "coastal zone”
given by Dr. Peter Flawn of the University of Texas at Austin
at the Governor's Conference in Houston in September. Dr. Flawn
defines the coastal zone as that area occupied by the twelve counties
which abutt directly on the Gulf of Mexico. Starting at the border
with Louisiana the following counties are included: Jefferson,
Chambers, Galveston, Brazoria, Matagorda, Cathoun, Aransas, Nueces,
Kleberq, Kenedy, Willacy, and Cameron, The area within these
counties amounts to 9,938 square miles or 3.61% of the total area
of the state of Texas. Six additional counties, Orange, Harris,
Jackson, Victoria, Refugic, and San Patricio, have direct access
to coastal bays and should be included within the coastal zone.
These additional counties occupy an area of 4,265 square miles
or 1.55% of the area of the state. Consequently, the coastal zone
is made up of eighteen counties with a total area of 14,203 square
gi]es, or 5.16% of the Tandlocked area over which Texas has juris-

iction,

CLIMATE

The Texas Gulf Coast is located in a variable climatic belt.
Although average July temperatures are uniformly between 80 to 90
degrees Fahrenheit, January temperatures average 50 degrees Fah-
renheit in the eastern extremes of the coast and 60 degrees Fah-
renheit in the soughern extremes. In between these values the
average January temperature is recorded as 55 degrees Fahrenheit.



(reater variability in climatic conditions in the coastal zone

is manifested by the average yearly rainfall. The following tabu-
lation (data taken from Texas Almanac: 1970/71 edition) gives an
idea of the yearly average rainfall in the eighteen coastal counties.

COUNTY RAINFALL {inches)
Orange 55.8
Jefferson

Chambers

Harris .
Galveston 41.8
Brazoria 49,2
Matagorda 40.6
Jackson 37.9
Calhoun 3.8
Victoria 36.2
Refugio 33.8
Aransas 33.2
San Patricio 30.6
Nueces 28.3
Kleberg 26.5
Kenedy 26.6
Willacy 26.5
Cameron 26.1

No other stretch of the U. S. Gulf coast shows as much varjability
in rainfall as that portion which belongs to Texas.

PHYSICAL FEATURES AND SOILS

The Coastal Zone of Texas can be divided into two major por-
tions: the Coastal Prairie and the Gulf Coast Marghlands. The
GuIf Coast Prairie is a nearly level, slowly drained plain less
than 150 feet in elevation, with numerous sluggish rivers, creeks,
bayous, and sToughs. It is characterized by level grasslands that
support ranching and farming, low woodlands especially along streams,
swamps and fresh-water marshes. The Coast Marsh area i$ limited
to narrow belts of low wet marsh interspersed with dunes immediately
adjacent to the coast.

Soils in the Coastal Marsh area are acid sands, sandy Toams
and clays. The upland prairie soils tend to be heavier textured
clays or clay loams, although there are some sandy loams. In general,
s0ils have slowly permeable profiles. The soil moisture is not
readily available to the vegetation. Typical range sites include
blackland, sandy prairie, lowland flats. coastal sands, salt meadow,
and salt marsh.
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Most of the marsh is grazed by cattle in large Tand holdings.
Ranches and rangelands of the uplands of the Gulf Prairies are
interspersed with farms. The better soils are highly productive
under cuTtivation or as improved pasture or native range. Wildlife,
particularly deer, are an important consideration in management
of vegetation.

VEGETATION

The ¢limax vegetation of the Gulf Priaries is largely grass-
Tand (tall grass prairie) or post oak savannah. However, much of
the area has been invaded by trees and brush such as mesqu1te

{Prosopis glandulosa ), oaks, especially Tive oaks (Quercu virgin-

iana), prickly pear (Opuntia spp.) and several acacias. The principal
cTimax plants are talT bunch grasses such as big bluestem (Andro-
pogon Gerardi), seacoast bluestem (Schizachyrium scoarium var.
littoralis), Indian grass (Sorghastrum avenaceum), eastern gamagrass
(Tripsacum dactyloides), species of Panicum and others. Some invading
plants, other than brush species, include yankee weed (Eupatorium
compositifolium), broomsedge (Andropogan virginicus), smutgrass
{Schedonnardus panicu1atus§ and many annual weeds and grasses.

The salt marsh areas typically support several species of sed-
ges and rushes such as Carex, Cyperus, Eleocharis, Juncus, and

Scirpus, several cord grasses {Spartina spp.) and seashore salt-
grass (D1st1chlws spicata).

Introduced grasses such as Bermuda (C ynodon actz]o n) and
carpet grass (Axonopus affinis), are common in tame pastures and
some have escaped into uncultivataed areas.

The river bottoms which cross the Gulf Prairies contain a
flora quite distinct from the prairies themselves. Here, *rees
predominate such as oaks (Quercus spp.), hackeberry (Celtis spp.),
willows (Salix spp.), ash trees {Fraxinus spp.), cottomwoods
(Populus spp.J, anacua (Ehretia an nacua} and others. Dwarf Palmeto
{Sabel minor) is also found in these river bottom Tands.

Conifers are not an important family in the coastal zone.
However, especially in the eastern counties, some representative
species occur such as the shortleaf pine (P1nus echlnata), the
longleaf pine (Pinus palustris) as well as the | 10b1011y pine
(Pinus teada). The bald cypress (Taxodium distichum) is found
in swamps and along rivers from Brazoria County eastward.

On barrier islands, espec1a11y on Padre and Mustang Islands,
the predominant vegetation is sea oats (Uniola paniculata), marsh-
hay cord grass ( art1na patens) and the creeping vines of morning
glory (Ipomoea s Sunflowers (Helianthus spp.) are comnon
on these tree]ess expanses of sand dures.

Aquatic plants abound in the coastal zone. Among these are
parrot's feather (Myriophyllum spp.), pondweeds (Patomogeton spp.),
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duckweeds (Lemna spp.), duck meat (Nuphar luteum) and arrowheads
(Sagittaria spp.). The beneficial aquatic plant species as vell

as open vater for fish and wilife tn many of the streams, canals,
lakes, and ponds ave being threatened by several introduced nowious
ueedy spectes, Foremost among these are the water hyacinth (Fich-
hornia crassipes) and alligator weed (Althernanthers philoxeroides).
The native cat-tails (Typha spp.) also belong here, Other species
that can and may prove to be troublesome are aquatic species of
water-primrose (Ludwigia spp.), water lettuce (Pistia stratiotes),
comnon froghit (Limmobium spongia) and American featherfoil (Hot-
tonia inflata). In bays and open water along the Gulf oast are

to be found such spacies as mamatta-grass (Cymodocea filiformis),
widgeon-grass (Ruppia maritima), shoal-grass (Halodule Beaudettii),
turtle-grass (Thalassia testudium) and others.” Some of these
marine grasses are often found washed up on the heaches along the
coast.

ANIMALS
a. General

To most people "wildlife" means those animals which are hunted
for food or sport. In today's society, wildlife, with the exception
of fish and shellfish, supply only an insignificant part of the
diet of the average Texan. This bacomes especially apparent when
we consider that our laws do not allow the sale of meat derived
from wild species; again fish and shellfish are excepted. This
Statement does ot imply that wildlife is of 1ittle importance in
the economy of Texas.

Hunting and sport fishing are major hobbies in Texas. The
ravenue derived from the sale of hunting and fishing licenses is
only a minor item in the State's revenve. In the fiscal year
which ended August 31, 1968, Texas issued nearly 855,000 resident
hunting licenses and over 1.2 million fishing Ticenses. These
amounted to a total income of some 5.2 million dollars. The total
Tncome for Texas from hunting and sport fishing is many times this
amount derived form taxes on sales of equipment, transportation,
food, lodging, etc. The U. S. Census in 1960 estimated that Texams
spent in that year $383 million for hunting and fishing. This
amount has increased considerably but more up-to-date statistics
are unavailable,

The number of people whose hobbies are directly related to
nature, such as hirdwatchers, shell collectors, hikers, wildlife
photographers and others s unknown, Their numbers are far more
difficult to assess, for no license is required to pursue these
activities. But again the amount of cash expended by these falls
into the multimillion dollar bracket. An interesting item in this
respect is given in the May 1970 issue of Executive's Digest: "In
1940 the American consumer spent about $3.7 biTTion for recreation
and leisure living. By 1960, this figure had climbed to $18.3
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billion. In 1968, a mere eight years later, the figure had increased
to $32.5 billion. The estimate for 1977 is $62.5 billion." Obvi-
ously, not all of these expenditures for leisure and recreation

are related to nature and wildlife but somewhere between one third
and one half of these monies are spent on outdoor activities.
Therefore, from straight economics, wildlife is a mejor resource.

b. Huntable Species

A quick glance at the hunting situation in the fall of 1970
can be obtained from News, published weekly by the Texas Parks
and Wildlife Department. The issue published the first week in
December gives this picture of hunting in coastal Texas:

Deer hunting in the southeastern portion of the state got
off to a sTow start because of high wind. Clarence Beezley, infor-
mation and education officer in La Porte, says there seems to be
plenty of deer, but hunters are having to wait for better hunting
conditions. Range conditions are good with plenty of water standing
in the marshes, but it gets drier the farther west one goes.

Duck hunters are still getting their Timits, and Beezley says
most hunters are happy with the new point system for determining
bag limits. Beezley says pintail drakes are about the only ones
unhappy with the new system since they, being 10-point ducks, are
getting plenty of pressure.

Squirre] and rabbit hunters have been doing well, but most
of the interest is in deer and waterfowl,

Counties which normally have quail are experiencing a drought
which could mean trouble for quail Tater on in the year. Dove
were scattered during the season, and the kill was about average,

South Texas, where the big deer usually are, has them again
this year with better than average size in the northern part of
the region, according to L. D. Nuckles, information and education
officer in Rockport., But generally the range in all but the most
southern portion of the region is in poor shape, and the deer,
although in good shape now, are starting to lose weight. Because
of the warm weather, the deer are not moving and hunters have had
only moderate success.

Turkey populations are generally the same as last year but
somewhat higher in the north of the region.

Quail populations are high, but hunters need a good dog to
find them in the thick brush, according to Nuckles.

The duck season has been only fair because of the clear
weather. Nuckles says a good, wet cold front is needed to bring
the ducks down into gun range.
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An interesting development in the yearly migration patterns
of waterfow] is emerging this year. Biue and snow geese, as
well as mallards, species which breed in Canada and northern
U. S. during the warm season and seek refuge during the winter
on the Gulf Coast are induced to stop on refuges in the Midwest,
The feeding of these game birds on federal and state refuges along
the flyways is affecting the number of birds along our coast.
Biologists fear that the high concentration of birds on these
small refuges in the Midwest could have disastrous consequences
due to heavy hunting pressure, an outbreak of disease (fowl cholera)
or rigors of the winter.

Clearly, interstate cooperation is necessary in the wise
management of this valuable wildlife resource,

In spite of these attempts to hold water fowl in midwestern
refuges a great number of ducks fly each autumn to the Texas
GUIf Coast. They remain here until early spring when they return
to their northern breeding grounds. In sheer rumbers two duck
species predominate in Texas bays and lagoons: pintaile and red-
heads. Although redheads occur in Targe numbers especially in
the Laguna Madre the species is not in as good shape as the pin-
tail. It has been estimated by Weller (Journal of Wildlife in
Management, 28, (1), 64-103, 1964) that 78% of all redheads
winter in the Laquna Madre, Manifestly, Texas has a responsi-
bility of maintaining a suitable habitat for this species.

The U, S. Government maintains on the Texas Coast four
refuge areas which are wintering ground for migratory water fowl,
In the Tower Laguna Madre in Cameron County is located Laguna
Atascosa National Wildlife Reguge. Mainly in Aransas County we
find Aransas National Wildlife Refuge, famous as the winter home
of the rare whooping crane, On the upper coast two smaller
refuges have been established, Brazoria and Anzhuac National
Wildlife Refuges in Brazoria and Chambers Counties, respectively.

In contrast to the federal refuges, the State of Texas has
only one area the purpose of which is management of water fowl:
the J. D. Murphree Wildiife Management Area just outside Port
Arthur in Jefferson County. While federal refuges prohibit hunting
of water fowl within their boundaries, the state wildlife manage-
ment area permits restricted hunting of ducks during the regular
season.

e, Sport Pishing and Commercial Fishing

Generally speaking, sport fishing on the Texas Gulf Coast
is more important than hunting as a hobby, The reason for that
1§ twofold. While hunting is restricted by law to a relatively
short season (from September for white wing and morning doves
through the deer, turkey and water fowl season in November and
December to the quail season which closes on January 31) there

v
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is no season on fishing, The mild climate of the Texas Gulf

Coast permits the pursuit of fishing the year round, An additional
reason for the preference of fishing over hunting is the fact

that Texas has very little public land and access to private

Tand is obtained only through some kind of lease arrangement
between the owner of the land and the hunter. In contrait,

fishing waters are in the public domain and accessible to any
fishing license holder,

On the Texas Gulf Coast two types of fishing are available:
fresh water and salt water fishing, Gemerally speaking, salt
uater fighing 1s far more {mpovtant than fresh vater fishing,

Here again the decisive factor is accessibility, Especially

on the Tower coast, from San Antonio Bay south, fresh water is

not readily available. Rivers flow through private Jand and
although a stream is in the public domain it can be reached without
incurring tresspassing charges only where it flows through public
Tand such as a highway easement, Even freshwater reservoirs,

which were constructed with public funds, have restricted access.
For fnstance, Lake Corpus Christi, a reservoir with a shoreline

in excess of 200 miles, has less than 10 miles of shore where

the public has free access. This injustice, with the public paying
for a reservoir but only vested interests having access to its
shores, has been corrected. Reservoirs built with federal funds -
Corps of Engineers or Bureau of Reclamation - must provide a 300
foot easement above the high water mark around the entire

reservoir to which the public has free access.

Salt water fishing falls into two distinct categories. The
bay fishing which can be enjoyed with a modest expenditure of
equipment and the cpen Gulf fishing which requires considerable
fnvestment in a seaworthy craft or payment of sizable charter
fees on boats for hire, The importance of Texas in the sports
world of deep sea fishing is recognized by the fact that four
fishing tournaments are held on our coast. The oldest one is
off Port Aransas which began in 1932 and has continued annually
with a short interruption during World War II. Next follow
the tournaments at Port Isabel, Freeport, and Port Lavaca.
These yearly events attract a large number of fishermen from
throughout the state.

Fishing, fresh water as well as salt water, is the outdoor
sport enjoyed by the largest number of pecple, It does net only
provide an excellent activity but for the poor a modest invest-
ment in equipment provides recreation and a chance to supply
essential protein for their diet. Therefore, the maintenance of
a good environment for fish as well as shell fish should have a
high priority when the welfare of the disadvantaged in our society
is considered.

The importance of commercial fisheries in Texas can be
evaluated from Tandings of marine species in Texas ports. These
statistics are compiled by the U. S. Department of the Interior,
U. S. Fish and Wildlife Service, Bureau of Commercial Fisheries
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in cooperation with the Texas Parks and Wildlife Department. In
1969 the total landings for finfish in Texas ports amounted to
78,5 million pounds, Of this total, 73,2 million pounds were
Menhaden, a fish unsuitable for human consumption, but sought
after for its oil and as a source of animal food. Drum catch,
both black and red (redfish), amounted to 1.7 million pounds

and the spotted sea trout harvest totaled 1.2 million pounds.
Therefore, four species of fish accounted for 97 per cent of
the total commercial finfish landings in Texas.

More important than finfish landings in 1969, both from
total poundage as well as value, were the landings of shellfish.
The total shellfish landings amounted to 0.9 million pounds
and were distributed in the following fashion: shrimp (all
species) 70.8 miltion pounds, blue crabs 6.3 million pounds and
oyster meats 3.8 million pounds, Cbviously, shrimp is by far
the most important commercial harvest from the sea, The total
value of the fisheries catch landed in Texas ports depends very
greatly whether one multiplies the catch by the price paid to
the fisherman or the price the consumer has to pay at the neighbor-
hood supermarket for some product of marine origin, Equally
important are seasonal fluctuations in market prices.

[t is imperative, however, to realize that the income for
the State and its citizens derived form sport or commercial
fisheries is income derived from & truly remewable natural resource.
If proper management is provided, from a point of view of harvest
as well as maintenance of suitable habitat, this source of income
is inexhaustible. Tt is like living off the intevest of an imvest-
ment without drawing on the capital.

But although many of the Texas landings of finfish and shell-
fish are caught in the waters of the open Gulf, it is important
to keep in mind that some 90 percent of the species spend signi-
ficant parts of their 1ife cycles in the waters of Texas estuaries
and bays. Shrimp, for instance, spawn in the Gulf but seek the
nutrient-rich estuaries to change into adult forms. Oysters,

a sedentary species, need some salt content in the waters they
inhabit but cannot grow in the salinity of the open Gulf. There-
fore, the maintenance of healthy estuaries, free of pollutants
and supplied with adequate amounts of fresh water, is essential
to the perpetuation of the fishery resources of Texas.

d.” Non-game Birds

In the words of Roger Tory Peterson, possibly the foremost
modern field orinthologist, Texas is the No. I Bird State. More
than 540 species of birds have been recorded in Texas, not counting
subspecies. If subspecies are included the number exceeds 800.

No other state in the U. S. can boast a Targer diversity of birds
within its boundaries,
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The reason for this diversity of bird Tife Ties in the
geographic Tocation of Texas, The Rocky Mountains form a
natural barrier along the U. S. but in Texas western spacies as
well as eastern species are to be found. Also, we are located
at such a latitude where the birds of the northern plains meet
species of birds of Mexico,

Although the Texas Gulf Coast does not have records for
sighting of all birds species which occur in the state, it is
estimated that some 400 species have been seen in the coastal
zone, One reason for the variety of birds along the Texas coast
is the fact that the coast 1ies across two major migratory routes
of birds. The eastern part of the coast lies within the western
1imits of the Mississippi flyway and the rest of the Texas coastal
zone is crossed by the Central flyway. Consequently, the greatest
variety of birds is found during migration, in the spring and
again in the fall. Texas, especially the Gulf Coast, is a true
Mecca for birders and visitors from all states of the Union as
well as from foreign countries seek out our Gulf Coast to observe
and study birds,

In addition to the geographic location, Texas' Coastal Zone
offers a variety of habitat to many birds. The Tong expanses of
mud flats and beaches along our shores attract the shore birds,
the Tow water areas in our bays offer food for many wading birds,
and the prairie interspersed with brush and tree motts offer
suitable cover for a great number and variety of birds, This
habitat exists because the human population along the coast is
concentrated in four metropolitan areas separated from each other
by sparsely inhabitated expanses of land. The metropolitan areas
with high population densities are: Brownsville-Harlingen,
Corpus Christi, Houston and Beaumont-Port Arthur-Orange, Aside
form these metropolitan areas industry is rather rare along our
coast,

Texas cannot only boast the greatest variety of birds of
any of our 50 states, but the Lone Star State can also lay claim
to the destinction of being the home of more rare and endangered
birds species than any other state in the U, S, Again, the
Coastal Zone is permanent or temporary home to many of these
endangered species.

. Rare and Bndangered Species

The U, S, Fish and Wildlife Service yearly publishes a list
of animal species, not only of birds, which are considered in
danger of extinction, The 1968 edition of the Red Book, the
list of endangered animals, Tists 36 species and subspecies of
birds which are threatened by extinction, Of these not less than
31 either are parmanent residents of the coastal zone or migrate
through our eoust or establish temporary vesidence on our shoves.
Rather than enumerate all these birds we will discuss the condi-
tions of only three of these birds.
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The most famous member of the Tist {s undoubtedly the whooping
erare.  The only flock of wild whooping cranes in the world (the
Tast count revealed 57 birds) spends the winter months in the marshes
and tidal flats in or around the Aransas National Wildlife Refuge.
The whooping crane is a migratory bird which breeds in the expanses
of the Northwest Territories in Canada. The decline of the whooping
crane was not due to hunting pressure but to destruction of habitat
within most of its former range. Surprisingly, the birds responded
well to wise management and are slowly increasing in numbers.

The broun pelican, @ clown of the bird world, was until the
early 1950's a common sight along the Texas Coast. Begimning in
1956 and 1957 a drastic decline in the number of brown pelicans
did occur and the population has not yet recovered from this down-
ward trend. It is estimated that about 100 to 150 birds live
along our coast. In the 1970 breeding season, they raised only
nine young. The reason for the decline in brown pelican numbers
s diffieult to pinpoint. There ig good eircumstantial evidence,
houwever, that persistent pesticides of the chlorinated hydrocarbon
family are to blame for the reduction of this species.

Another bird, the peregrine faleon, & transient visitor to
our coast is practically extinct. Contrary to the brown pelican,
the reason for the reduction in peregrine falcons has been shown
conclusively to be the widespread uce of DDT, & persistent chlori-
nated hydrocarbon pesticide.

The plight of three bird species selected are indicative of
the struggle wildlife faces in today's world. Shrinking habitat
is & major cause for declining numbers. The introduction of man-
made potsons into our environment, exemplified by the use of per-
sistent insecticides, plays an important role in the decimation of
wildlife species. In some cases it is difficult to pinpoint the
exact cause of the decline of wildlife populations because the
species reaches critically low numbers before the danger signal
is recognized.

In addition to the bird species, the red wolf (Canis niger)
and the Ameriecan alligator (Alligator mississippiensis) are among
those animals which are threatened with extinction. The exact
status of the red wolf (some authorities do not recognize it even
as a distinct species) s not quite clear. It appears to inter-
breed with the coyote and therefore shows a great variability in
physical features. Although endangered, it is interesting to
point out that until some two months ago Harris County offered
a bounty on red wolves. Wolves are still unprotected in the state.

As of January 1, 1970, the American alligator is protected in
Texas. The decline in numbers of the alligator has come about
through habitat destruction and indiscriminate shooting and killing
of the alligators. The success of the protection program cannot
yet be evaluated. From reports [ have, extensive poaching still
ocevrs and there is a lively black market for alligator hides.



Effective protection of the species can only be accomplished by
regulation of the market of articles made from alligator hide,
such as shoes, purses, wallets and other articles of apparel.

CONFLICT OF INTEREST

It goes without saying that man and wildlife cannot coexist
unless man makes a conscious effort to preserve habitat for wild
animals and enacts laws forbidding the indiscriminate destruction
of wild species. The latter is mainly a process of education and
information.

Wildlife habitat must possess three elements to support wild
animals. It must: .

have an adequate fresh water supply,
provide food,

and offer cover where animals can seek protection from
the elements as well as their enemics.

On land these three requirements can be readily detected but in

a marine environment such as a bay or estuary they are more subtle,
The estaury is that zorie where fresh water from a river meets the
saline waters of the sea.

The river waters bring with them nutrients from the land in
the form of inorganic salts containing phosphorous, potassium,
and nitrogen, the three main fartilizer ingredients for plants.
It is essential also that sunlight reaches and penetrates the
water for without sunlight the intricate process of transforma-
tion of inorganic matter into life forms does not occur. In the
presence of sunlight, green plants containing chlorophyll, change
the carbon dioxide contained in the water or in the air into food
stuffs which animal forms can utilize. These plant forms, from
microscopic plankton on to sea grasses and aquatic plants, are the
primary food source of the animals which inhabit our waters.
Although many animals do not feed on plant material they depend
on prey which derive their food from plants. Therefore, destroy
the plants and you eliminate all animals.

Shelter in the estuary is afforded to the various prey species
by the shallowness of the water into which the Targer predators
cannot follow. Also the shallow areas are effective in diluting
the salt content of sea water and sunlight can penetrate the thin
layers of water and provide an ample food supply.

Therefore the cutting off of fresh water influx into an
estuary by daning a river most effectively chokes off one essen~
tial compoment in the delicate balance of the. estuary.

N s
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Estuaries and coastal wetlands (salt and fresh water marshes
and algal mud flats) ave also effectively destroyed by diking and
fi11ing to provide land for residential, industrial, or agricultural
uses. The proximity to water is a great inducement for residential
developments.

For esthetics and recreation man has always been attracted to
land close to water and along the Texas coast we are witnessing
the manifestations of this human trait. Although the conflict
between municipal development and wildlife habitat has not yet
reached crisis proportions on our coastal zone, the time to plan
in NOW in order to maintain suitable habitat for wildlife for the
future, Some developments on the lower coast illustrate the point.
Key Allegro near Rockport destroyed a valuable nursery ground for
marine species by filling and bulkheading a shallow bay area.
Dredging boat channels and building up Tow Tand for home sites close-
by effectively eliminated that area as wildlife habitat. On Padre
Island extensive housing developments on both the north and south
ends of the island have drastically changed the nature of these
regions. A county park on the north end of Mustang Island eliminated
the nesting grounds of a colony of seabirds: Sandwich Tarns.

Similar but more extensive housing developments have occurred
in the metropolitan areas of Houston and Galveston. Bolivar Penin-
suta northeast of Galveston is practically totally occupied by
private homes.

These developments have been mentioned only to emphasize the
need for careful long-range planning so that growth takes place in
an orderly fashion and assures the coeristance of both man and wild-
Tife species. Without proper habitat preservation the most stringent
protective regulations are valueless in maintaining a healthy wild-
life population. The timely establishment by the federal govern-
ment of Padre Island National Seashore has reserved a large part
of that island as a relatively unspoiled natural tract of land.

[t also behooves the State of Texas to set aside certain areas
where man is only a visitor and wild animal species have preference
of occupancy. Areas suited as wildlife sanctuaries, especially for
sea and shore birds, along our coast are the relatively inaccessible
spoil islands and banks in Texas bays and lagoons. These islands
were built up by deposits of spoil from dredging ship channels to
ports, boat channels to oi1 wells or private developments, and
the Intracoastal Waterway. These islands are in the public demain;
title to them ie held either by the State of Texas or by the various
port authorities. Presently, many of these islands are used by
various birds for nesting sites but conflicting human uses occur
also. Among these can be listed: dumping ground for spoil from
maintenance dredging operations (the principal function of these
sites), support for structures used in the petroleum industry,
1llegal dumping of all kinds of refuse, and sites where squatters
have erected cabins. Some of these cabins are utilized by commercial
fishermen but the majority of the cabins serve as weekend shelters
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for sports fishermen. On some of the more extensive spoil islands
reqular 1ittle shanty towns have emerged. Management of these
islands should restrict their use as dumping grounds for spoil
and ngsting and roosting sites for birds. Human occupancy should
be limited to primitive camping, and that only at such periods
when the birds are vot using them.

Industries are locating more and more in the coastal zone,
The proximity of water offers cheap transportation for raw materials
and finished products alike, the open expanses of water to afford
a ready-made disposal site for undeSired by-products. Fortunately,
man has recognized the need of wildlife for water unpolluted by
industrial or municipal wastes and encouraging progress has been
made in abating pollution. However, Texas still permits the dis-
charge of oil field brine into estuaries and bays which demonstrably
damage these areas as nursery grounds for marine species. The tes-
timony presented by the Texas Parks and Wildlife Department at the
Texas Railroad Commission hearing on November 4 and 5, 1970 in
Austin, supports this statement. The amounts and the composition
of the salts which make up oil field brine are quite different
from the amounts and compositions of the salts found in seawater.
Experiments by the Texas Parks and Wildlife Department are showing
that oil field brine, free of oil, is toxic to marine organisms
even when dituted with seawater.

Drilling operations for gas or oil in Texas bays are creating
additional problems. The establishment of a well often necessitates
the dredging of a channel and the spoil and silt derived from this
operation may cover up feeding grounds for fish or water fowl.

Also the channel changes patterns of ground currents within the bay
and consequently affects the ecology of that area. Careful planning
of drilling operations and Tocations of wells can greatly minimize
the problems associated with the extraction of oil or gas.

Similarly, the dredging for dead oyster shell in Texas bays
is affecting the biological balance in the bays. While dredging
operations could be conducted in such a fashion as to minimize
damage or even enhance the bay environment, present dredgfng prac-
tices in Texas are not conducive to these ends.

A healthy, Tive oyster reef requires for its maintenance an
adequate supply of fresh water to dilute the salinity of seawater,
for oysters can neither 1ive in fresh water nor in sea water as
found in the Gulf of Mexico. The water should be free of silt,
because oysters are sedentary animals and cannot move from one
spot to another in search of clear water. Silt settling on Tive
oysters kills the animats. In addition, for the propagation of
oyster reefs the freeswimming larval oysters (spat) must find a
hard surface upon which they can settle to reach maturity. An
excellent bottom for spat to settle upon are the small shell fragments
occuring among the reefs which are being dredged up. These fines
are unsuitable as aggregate for road construction but in Texas
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find a ready market as raw material for cement manufacture. There-
fore, in Texas dredging operations, even the small broken shell
is commercially harvested.

This conflict of interest, which arises from the total extrac-
tion of dead oyster shell in preference to a continued harvest
of Tive oysters, is hard to understand when one considers that
Texas has an abundant supply of an equivalent or even superior
substitute for oyster shell: limestons, Chemically limestone
and oyster shell are made up of ;zhe same material: calcium car-
bonate. Large parts of Texas are giant fossil reefs or nearly pure
Timestone, The quarrying of Timestone would have a much smaller
adverse effect on wildlife habitat in the state than the dredging
of oyster shell in the bays.

Most of the land in the coastal zone is under agricultural
use. Some of the coastal marshes and the sandy soils of Kenedy
and Kleberg counties as well as the grassy expanses of the barrier
islands are used as ranch land. The heavier prairie soils are
under intensive cultivation for the production of cotton or grain
sorghum. Marshes on the upper coast where rainfall is more abun-
dant have been converted to rice fields.

Banching probably creates the Teast conflict hetween use of
the land by man and wildlife habitat, provided overgrazing is
carefully avoided, some cover for wildlife is maintained, and
marshes are not drained. Cultivation of the Tand for agricultural
crops, however, necessitates the clearing of the land with subse-
quent destruction of the native vegetation. In addition, agri-
cultural practices today require the widespread use of chemical
pesticides such as insecticides and herbicides.

The widespread use of persistant chemical compounds as control
agents against insects or weeds poses a threat against wildlife
species. Dramatic declines of populations of some wild species,
such as the brown pelican, peregrine falcon, bald eagle and others,
during the last few years have been related to the application
of insecticides in agriculture. Persistant insecticides escape
into the environment through land drainage, through air currents,
during spraying operations, wind carried solid dust particles,
co-distillation with water, and last, but not least, accidental
spillage,

4 meticulous and extensive etudy by the Texas Parks and
Wildlife Department of juvenile trout populations in the lover
Laguna Madre links the decling of this fish speeies with the use
of the persistent insecticide DDT. The DOT entered the Laguna
Madre environment through run-off from agricultural fields,

During the summer of 1970 in the rice filelds of Brazoria
County significant mortalities of fish and white-faced glossy
thigses were observed. The white-faced glossy ibis is a marsh
feeding bird which comes into the wet rice fields to feed upon the
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many crustaceans and larval insects found in marshes and rice fields.
Although no positive proof 1inks these wildlife kills with insecti-
cides the fish mortality occured after an application to the rice
fields of Furadan (Carbofuran). This commercial insecticide loses
its initially high toxicity two or three weeks after an application.
In this instance, Furadan was sprayed inadvertently into a little
creek which flowed into the bay. The dying white-faced glossy

ibises showed symptoms of insecticide poisoning.

In the Guadalupe delta on Kamay Island and on Matagorda Island
diking and draining of wetlands s taking place to provide improved
pasture for cattle grazing. These wetlands have been in the past
good habitat for birds. In these instances ranching is in confiict
with wildlife by destroying suitable habitat.

Another conflict of interests exists in coastal counties which
arises for politieal veasons. Six coastal counties: Chambers,
Galveston, Refugio, Nueces, Kleberg, and Kenedy are outside the
regulatory quthority of the Texas Parks and Wildlife Commission.

To more efficiently manage salt water fish resources in Texas greater
flexibility in regulations is needed than is possible in non-requla-
tory counties. This is best illustrated in Kenedy County. In

most summers in a section of the Laguna Madre called the "Hole"

or "Graveyard" extensive mortalities - estimated at various times
from & quarter to three-quarters of a million pounds or even higher -
of marketable fishes occur. These fishes cannct be harvested by
using troutlines and fishing rods before they succumb to rising
salinity and oxygen deficiencies. It seems ridieuloue for game
management of ficers TO ENFORCE present fishing rules so that most

of these fishes may rot under the hot swmer sun.

Hunting or fishing do not seriously conflict with wildlife,
provided regulations are adhered 0. Limits should be obeyed and
hunters must familiarize themselves with the huntable species to
avoid killing protected species. Also, hunters should be made
aware of the intricate systems of checks and balances which makes
life on this eavth vossible.

As an illustration of this last statement one might consider
the effect of predatory hawks upon the size of quail populations
in proper habitat. Hawks DO prey to a limited extent on quail,
but the main prey are rodents such as rats. The removal of hawks
from an area allows the rat population to go unchacked and multi-
ply freely. Although rats do not prey on adult quatl, they devour
quail egge, thug seriously endangering the quatl population.

Predators, contrary to widespread public belief, have a bene-
ficial effect on wildlife species by keeping prey animal populations
from increasing to such number that food becomes the Timiting
factor and many animals starve to death. But before stravation
of the prey animal seta-in, th