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FOREWORD

In mid-1969, The Sport Fishing Institute was invited to join forces with the
National Wildlife Federation, and its affiliated Sportsmen’s Clubs of Texas, Inc.,
in co-sponsoring a two-day public-oriented conference in Houston, Texas, on
Uses of Estuaries. As a result of several inter-staff discussions that ensued, the
Sport Fishing Institute agreed to assume full responsibility for organization,
conduct, and publication of a one-day scientific Symposium on the Biological
Significance of Estuaries, Its purpose was to provide the necessary background
and foundation for socio-political discussions of the uses of estuaries, to be
undertaken the following day by representatives and guests of the other two
co-sponsoring organizations. This Symposium, therefore, occurred on February
13, 1970, in Houston, Texas. 1t was followed on February 14, 1970, by day-long
related sessions on uses of estnaries, chaired and conducted by representatives of
the Sportsmen’s Clubs of Texas and the National Wildlife Federation.!

This publication deals exclusively with the scientific basis for rational
socio-political decisions governing the choices among an array of uses to which
estuaries may be put. This Symposium is unique in its concept of bringing to
laymen, in terms they can understand, a comprehensive insight into why the
estuaries of the United States are important, and what American citizens can do
to foster the maintenance of estuaries for a multiplicity of uses, in perpetuity.
The Institute was fortunate to secure the services of some of the most notable
marine scienlists to present their views on specific problems of a wide geographic
range.

The two session leaders and six speakers, authorities in their field and region,
were (in order of their appearances in the program):

! Copies of proceedings during the second day’s related sessions February 14, 1970 are
not available from the Sport Fishing Institute.
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(A) Morning session

DR. RICHARD A. GEYER (Session Chairman), Director, Department of
Oceanography, Texas A&M University, College Station, Texas.

DR. L. EUGENE CRONIN, Director, Chesapeake Biological Laboratory,
Natural Resources Institute of the University of Maryland, Solo-
mons, Maryland.

MR. CHARLES R. CHAPMAN, Bureau of Commercial Fisheries, U.S.
Department of the Interior, Washington, D.C.

MR. HAROLD K. CHADWICK, California Department of Fish and

(Game, Stockton, California.
(B) Afternoon Session

MR. JAMES E. SYKES (Session Chairman), Director, St. Petersburg
Biological Laboratory, Bureau of Commercial Fisheries, U.S. Depart-
ment of the Interior, St. Petessburg, Florida.

MR. DAVID H. WALLACE, Director, Division of Marine and Coastal
Resources, New York Conservation Department, Ronkonkoma, New
York.

DR. ERNEST 0. SALO, Fisheries Research Institute, College of
Fisheries, University of Washington, Seattle, Washington.

MR, WILLIAM H, MASSMANN, Ruareau of Sport Fisheries and Wildlife,
U.S. Department of the laterior, Washington, D.C.

The vpening paper by Dr. Cronin was especially solicited 1o serve, in part, as
the keynote theme for the Symposium. The elosing paper by Mr, Massmann was
especially solicited to serve, in part. as o summarization for the inherent theme
of the Symposium.

Publication of this Symposium was made possible by means of NSF Grant
Ne, HOOBOT0, wnder the Sea Grant Program of the National Science Founda-
tion,

The Sport Fishing Institute is most grateful 1o the participants listed above,
who gave so generously of their accumulated knowledge, experience, and time to
help make this Sympoxium possible. The Institute is also grateful to the Nationat
Scienee Foundation for providing necessary financial support to the Symposium,
The Institute was pleased to cooperate with the National Wildlife Federation and
the Sportsmen’s Clubs of Texas in providing a solid scientific foundation for
their subsequent related  sessions on the  socio-political considerations in
letermining appropriate uses of estnaries.

Publication of this Symposium will be of great value in explaining 1o
saderslip clements in the interested general public the “whys and wherefores”
{ estuaries and their biological significance, 1t is estimated that well over half of
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the marine fisheries resources of the Continental Shelf adjacent to the U.S. lund
mass is fully dependent upon csluaries as spawning and/or nursery areas.
Moreover, estuaries are critical links in upstream and downstreamm nmgration
routes of anadromous and catadromous fishes,

There is argent need to focus national attention on outstanding successes in
the management of some of these areas, analyzing how they were achieved, as
well as 1o analyze failures in other areas and reasons for such. The latter will
point up the need for research and for application of available knowledge. Our
speakers were selected for their exceptional background and capabilities in
bringing these facts before a concerned, if poorly informed, public, with
cxamples from the Pacific, Gulf, and Atlantic coasts.

An increasingly rapid decimation of the national heritage represented in
estuaries is taking place for purposes of short-term private economic gain,
without adequale consideration being given to preserving future multiple-use
options for the broad public benefit. Enhanced public comprehension of the
biological significance of estuaries, which is the principie objective of this
Symposium, should help significantly to bring about more rational and enduring
use of the estuarine resource for the benefit of all elements of society.

There is urgent need to improve communications among aquatic scientists,
economists, engineers, sociologists, politicians, and planners, as well as concerned
lay citizens, in order to achieve this important goal. [lopefully, this Symposium
will generate a significant part of the improved public comprehension needed
among the many different users of cstuaries in order to create an improved
climate for solving the problems in maintaining the estuarine ¢nvironment in a
productive condition.

Philip A. Douglas, Executive Secretary
Sport Fishing Institute, Washington, D.C.
Symposium Chairman

December 18, 1970
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Richard H. Stroud

Executive Vice President, Sport Fishing Institute,
Washington, 12.(.. 20005

Several nationwide and regional study reports on estuaries have been
completed recently. None, however, has adequately emphasized the fundamental
biological significance of estuaries. This is the subject ol today’s symposium,
designed to set the stage for subsequent discussion of social, economic, and legal
aspects of estuarine use.

At the very vutset, therefore, it is important Lo consider the nature of an
estuary. [n the first place, an estuary is not a land area, and does not include any
land above the high-water mark. An estuary is a body of water at the edge of the
sea with special ecological chasacteristies, being neither wholly fresh nor wholly
salt. As generally regarded:

“An estuary is a semi-enclosed coastal body ol water having a free
connection with the open sea and  within which  the sea water s
measurably  diluted  with (resh water deriving from  land  drainage”
(Cameron and Pritchard, 1903).

Thus, estuaries are zones of ccological transition between fresh water and salt
water- the coaxtal brackish water areas. Closely associated with estuaries are the
tidal (reshwater habitals that oceur immediately above the upper limits of
saltwater intrusion. These are vitally important as nursery and spawning areas for
many anadromous species. Seaward from the estuary, beyond the semi-
encompassing headland features, measurable dilution of sca water by land

3




4 Introduction To Symposium

drainage can be traced for considerable distances offshore in some ocean surface
waters. Moreover, considerable acreages of coastal salt meadow and salt marsh
customarily occur in close ecological relationship to estuaries. Together with the
estuaries, themselves, these important transition zones encompass the entire
estuarine-associated environment, which may be usefully regarded as the
“estuarine zone.” As generally accepted:

“The estuarine zone is an environmental system consisting of the estuary
and those transitional areas consistently influenced or affected by water

from the estuary” (Smith, 1966).

This symposium, today, is concemed with the estuaries as the key
environments within the estuarine zone. Since all estuaries (by definition) lie
adjacent to salt water, the mouths of rivers tributary to the Great Lakes are not
considered here. However important otherwise, they do not qualify as estuaries
regardless of repeated propaganda to that effect for purposes of temporary
expedience,

According to data supplied to the Congress by the U.S. Department of the
Interior, the United States presently possesses 26,364,800 acres of estuarine
waters (Cain, 1967). Of this total, 8,342,600 acres occur along the Atlantic
Coast south of Alaska, and 11,022,800 acres along the coast of Alaska. Of the
total, about 7,734,400 acres (29.4%) is water less than six feet deep, most
vulnerable to filling, as well as especially productive of fish, shellfish, and
wildlife. At least 564,500 acres (6.8%) of the latter have been obliterated
through filling, mostly in the last fifty years. This obliteration has proceeded
most rapidly on the West Coast below Alaska—35 percent loss of original shallow
areas (40% in California, largely San Francisco Bay), and on the Atlantic
Coast—4.2 percent loss of the original productive shallow areas,

One of the broad expanses of Continental Shell (out 1o the 200m depth
contour) occurs adjacent to the Atlantic Coast estuaries. This broad Shelf area
encompasses about 166,656,000 acres of readily accessible ocean bottom. In
1967, the total weight of fish and shelifish harvested from the Atlantic
Continental Shelf area was at least 6 610 million p(mnds..l Thus, the yield from
this arca of Continental Shelf averages about 40 pounds per acre, the finfish
fraction (about 37 pounds) being equivalent to about 22 percent of an estimated
standing crop of 168 pounds of {infish per acre. The finfish yields appear already
to be close 1o, at, or beyond the level of optimum sustained natural yields for
many species (Kdwards, 1968).

Based on findings by the Sport Fishing Institule, resulting from a recent
survey of selected estuarine fisheries biologists, unanimity of opinion is lacking

Uncludes U.S. angler-catch of edible finfish = 400 million pounds, U.S, domestic com-
mercial harvest of all fish and shellfish (about equally divided) = 1,100 million pounds, and
known catches of finfish by forcign nationals = 5,110 million pounds.
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Table 1. Identification of Estuarine-Dependent Marine Fishes Common to U.S,
Coastal Waters

Working Locations of Biologists

Atlantic Coast Gulf | Pacific | At

Species! Esm;g::ﬁes Northeast | Middle | South [ Coast Coast Large

Biologists
51
Barracudas ... ...........

Bass, Black Sea . ... ....... X X
Basses, Pacific . ...........
Bluefish . ... ............ X X X X X
Bonitos . ............... *

Cabezon and Pacific Sculpins . .
California corbina .........
California sheephead . ... ..,
Catfishes ,.............. ? X X
Cobia ................. X| ? ?

Cods, Atlantic . ....... R
Cods, Pacific . ............
Croakers ............... X| X X
Cunner ................ ? X
Dolphins ...............
Drum, Black ......._..... X
Drum,Red .............. X
Eel, American . ........... X
Flounder, Pacific . .........
Flounder, summer ... ......
Flounder, winter . ... ...... X

Lasater

Saila
Wallace
Daiber
Hassler
deSylva
Chapman
Chadwick
Loeffel
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Haddock ...............
Hake,gilver . ... ..........
Hake, spotted . . ... ....... X
Hake, squirrel . ...... .. ...
Halibut, California ... ... ...
Herrings, Atlantic ... ...... X
Jacks . ... ... oL oL
Jack Mackerel . . ..., .. ...
Kingfishes .. ..........., * X| ? X
Ladyfish . ...._ ....... .. X
Lingeod .. ... ... .. ..._. X
Mackerel, Atlantic .. ......
Mackerel,King ...........
Mackerel, Pacific .........

®
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Table 1. Identification of Estuarine-Dependent Marine Fishes Common to U.S.

Coastal Waters (cont’d)
Working Locations of Biologists
Estuatin Atlantic Coast Gulf | Pasific | At
Speciesl Fisherics Northeast | Middle | South | Coast Coasl Large
Biologists .
< % | |5 |
; agés AR
4 N - < 12 | o
35‘&3::;3 £ 55.%.%%55
Mackerel, Spanish . .., ..... X X
Mullets ................ X[ X XIX:iX| X X X
Ocean Whitefish .. ..., . ..
Opaleye .. .. ............
Perch, white . .. .......... Xi X[ X AEX! X X XX
Perch, yellow ............ X1X X
Pigfish .............,.... X X X
Pollock . ........... e
Pompanos ............., XX
Porgien . . ..., ... .. ..., X X X \
Puffers .. ............... X X X X N[ X
Rockfishes .. ............
Sablefish . ..............
Salmon, chinocok ... .. ..... X X|IX|A|X] X X XXX X{ XX
Salmen,coho ., ... ... ..., X Xix[A[X] X X X[(X[Xi XXX
Salmon,pink .. ... . ...... X XIX[AIX] X X XIXIX[X] XX
Seabuss, white . .. _ .. ... ...
Searcbins . . ............. X X
Seatrout,sand . ... ........ X XX X)) ? X X
Seatrout, spotted .. ... .. ... X[ X XIX{XIX| X X X
Seatrout, white . .. ... ..... X X[IX|X|X] ? X XX
Shad, American ... ... ..... XIXIXIX|X|A|X] X X XiXlX XX
Shad, hickory .. .......... XIXIX{X{X[A[X| X X XX
Sharks . . .. . . * *
Sharks, dogfish ... ........
Silversides . ..o L. X X[XIXIX| X X XX
Smells oL L. X[X|X[X[|X[X X X FIX|* XX
Snapper,gray ... ... .., X
Snapper,red L. L. L.,
Smapper, yellowtaid ... ., .
Smook L. X X X X
Spadefish, Atlantic , . . .., .., X[ 7
Spol o e X XIX[XIX]| X X XX
Steethead 0000 L. X(X[A[X]| X X XIX[X[XIXTX
Steiped bass ... XXX XXIAIX] X X [X]|X X| X
Nurgeon . L L. XIN|IX[X{A[X] * X XXX X|X
Sl
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Table 1. Identification of Estuarine-Dependent Marine Fishes Common to U.S.
Coastal Waters (cont’d)

Working Locations of Biologists
Estuarine Atlantic Coast Gulf Pacific At
Species! Fisheries Northeast | Middle | South | Coast Coast Large
Biologists E"l
£ e |¥ i
£ é‘“ E 5|3 55 |3
I =1k E U?)\ ) | ' 2 5=
332|344 2| & 1833252
Tarpon .. ... ...... . .... X{X| X X X
Tavtog . ................ M X X XX
Tenpounder . ... ... ..... X
Toadfish ........_ __.... XIXIX|X 4
Trout. cutthreat .. ........ A bl Bl
Trout, Dolly Varden . . . .. ... A bl B I
Tunas .................
Weakfish . .............. X X[XIXIX] X X XX
Yellowtail, California . ... ...

NB * designates ‘“'some species only”'; A designates anadromous nature,
YList of Species (Species groups) from—-Devel, D. G. and J. R. Clark, 1968. The 1965
Salt Water Angling Survey. Bur. Sp. Fish. and Wildlife. Res. Pub. No. 67. 51 pp.
McHugh J. L. 1966. Management of Estuarine Fisheries—A Symposium of Estuarine
Fishes. Amer. Fish. Soc., Sp. Pub. No. 3:133-154.

about which species or species groups of marine fishes commonly found in
coastal waters are in fact estuarine-dependent at some critical stage(s) of their
life histories (Table 1). This serves to illustrate the poorly-appreciated fact that
much essential elementary biological information about many of these species
remains to be acquired. In terms of their landed values, however, nearly
two-thirds (63%) of the commercial catch on the Atlantic Coast is made up of
species believed Lo be estuarine-dependent (McHugh 1906). Assuming that this
applies equally to the combined catehes by foreign nationals as to the 11.S.
domestic catch, the fisheries yield from the US, Atlantic Continental Shelf, at
present levels of development of the fisheries, is equivalent to about 535 pounds
per acre ol extuaries.

Thus, for cach acre of estuary obliterated through filling, or otherwise
destroyed, there could be a corresponding annual loss in yield (at present levels
ol resource development) of about 535 pounds of fisheries products on the
Continental Shelf, (Whether some compensatory increase might occur in
production of other specics is a matter of speculation.) Similarly, general overall
reductions of productivity of the estuaries by pollution (or other factors), say by
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20, 40, 60, or 80 percent, etc., would cause corresponding reductions in Shelf
yields. On the other hand, given intensive management of the estuaries for
optimum fisheries yields, it is already certain that Shelf yields could be
substantially increased, especially for high-value sessile shellfish and selected
species of finfish.

The Sport Fishing Institute takes great pleasure in welcoming all the
contributors, distinguished guests, and other participants to today ’s Symposium.
Its purpose is to help demonstrate the great biological significance of those
unique brackish-water ecosystems—the estuaries—that occupy the vital aquatic
transitional zones at the edge of the sea. It may not be too extreme to predict
that what present civilization does to or with these irreplaceable limited
resources over the next few decades may have such a decisive ecological impact
as to critically affect the future history of human society in America.
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OPENING REMARKS BY
SESSION CHAIRMAN

Richard A. Geyer

Department of Oceanography, Texas A&kM University,
College Station, Texas 77843

There is an ever increasing intensification of the use of the Coastal Zone as
the expanding population of the United States moves into this area.

Currently, seventy percent of the nation lives within an hour’s drive of the sea
coast, if the Great Lakes are included. A decent concern to preserve life’s
amenitics, as well as economic considerations, demand that more adequate
provision be made for recrealional use of the Nation’s crowded Coastal Zone.

This Zone is a region of transition between two environments—the land and
the sea. [t may be defined as that part of the land affected by its proximity to
the sca, and it includes a total of 1631 statute miles along the Gulf Coast, The
associated estuarine areas along the Gulf of Mexico include 3,837 square miles.
This arca is based on a definition of an estuarien zone, as an environmental
system consisting of an estuary and those transitional areas consistently
influenced or affected by water from an estuary, such as, but not limited to, salt
marshes, coastal and intertidal arcas, bays, harbors, lagoons, inshore waters, and
channels. The estuary, itself, is part of the mouth of a pavigable or interstate
river or stream or other body of water having unimpaired natural connections
with open sea and within which the sca water is measurably diluted with fresh
water derived from land drainage.

The total shoreline of the Gulf of Mexico includes 17,500 statute miles. Of
thix some 1,000 miles have been categorized as recreation shoreline, of which
only 121 meet the criteria of public recreation shoreline. Of the slightly more
than a thousand miles of recreation shoreline of the state of Texas, 301 miles are

"
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designated as beach, 421 miles as bluffs, and 359 iniles as warsh, For Louisiana,
with a comparahle total shoreline, 257 miles are designated as beach and the
remaining 819 as marsh. All but two miles of the entire 1,076 in Louisiana are
privately owned. Of the total of 203 miles of shoreline for Mississippi, 134 are
calegorized as beach, 69 as marsh, and 178 miles are privately owned.

Currently Federal, State, and local governments, including intrastate and
municipal coastal and harbor authorities, are funding coastal zone facilities
through revenues derived by taxation of citizens and industries situated in this
area. Consequently, they also share the responsibility to develop a plan for the
coastal zone which reconciles, or if necessary must make decisions to choose
among, competing interests and protect both long and short term values.
Effective management to dale has been thwarted by:

the variety of government jurisdictions from all categories involved,

the low priority afforded marine matters by State governments,

the diffusion of responsibilities among State agencies, and

the failure of State agencies to develop and implement long range plans.

& Wb -

Current coordination at the Federal level is through the Committee on
Multiple Use of the Coastal Zone of the Marine Council. [t considers the broad
aspects of coastal management and secks effective and consistent Federal
policies. In addition, the Water Resources Council, a Cabinet level coordinating
and planning group analogous to the Marine Council but chaired by the
Secretary of the Interior, also has an interest in the Coastal Zone. However, its
work is primarily directed to inland waters; but neither committee is concerned
with the detailed management of specific coastal areas. This diffusion and
fragmentation of responsibility is reflected within State governments within
which individual agencies deal directly with their counterparts at the Federal
level. Too often States lack plans of their own based on an appraisal of all State
interests. They also lack sound scientific knowledge in developing and
maintaining their coastal resources. Frequently, in these cases, States have
tended only to react to Fedcral plans.

On a State Government level, the States are frequently subjected to intense
pressurcs from the county and municipal levels because coastal management
often directly affects local responsibilities and interests. Hence, local knowledge
frequently is necessary to reach rational management decisions at the State level.
These decisions in turn should be reflected at the Federal level. It is necessary to
reflect the interests of local governments in accommodating competitive needs.

The President’s Commission on Marine Engineering and Resources has given
considerable thought to the problem of Coastal Zone Management. It recognized
the tremendous significance of this problem by designating a panel to study it

specifically during its two-year tenure, In fact, of the many recommendations
made by the Commission to accelerate the development of marine resources, the



Opening Remarks By Session Chairman (]

closest program considered for the possible category of a crash program was that
of Coastal Zone Management. This is necessary because of the rapidly
aceelerating rate at which existing coastal zone areas are heing consumed for a
variety of purposes, without any long term planning. Recognition of the
legitimate needs of competing uses, both industrial und = wiological, is often
lacking. As a result of the studies of this Commission Panel, as well as of the
entire membership, a number of specific recommendations have been made.
Some of the major ones include:

1. A Coastal Management Act be inacted to provide policies and objectives
for the Coastal Zone, and authorize Federal grants-in-aid to facilitate
establishing State Coastal Zone authorities empowered to manage the
Coastal waters and its adjacent land.

2. Federal legislation to aid States to establish Coastal Zone authorities
should not impose any particular form of organization. But it should
require that approval of each grant be contingent on showing that the
proposed organization has the neccssary powers to accomplish its
purposes, has broad representation, and provide adequate opportunities to
hear all viewpoints, before adopting or modifying its coastal development
plans.

3. The land and water conservation fund be more fully utilized to acquire
wet lands and potential coastal recreation lands. Enact legislation
authorizing Federal guarantees of State bonds for wetland acquisition
when necessary 1o implement the Coastal Management Plan.

4. Fstuarine studies should be conducted by the Department of Interior to
identify areas to be set aside as sanctuaries to provide natural Jaboratories
for ecological investigations,

5. Federal and State agencies with Coastal Zone responsibilities should
provide more adequate support for scientific and engineering research on
coastal problems. This includes making an inventory of the multiple
resources in this area.

6. Universities affiliated with coastal laboratories should be encouraged to
provide aid to State officials on coastal issues and for their training.

It is not too soon to start implementing the many recommendations made by
the Commission for the Coastal Zone of the United States—the nation’s most
valuable geographic fcature—if the Coastal Zone is to be developed in an
optimum manner for all concerned. Yet, it must be done in a manner compatible
with the best short and long term interests of the diversified segments of the
industrial and sociological components of our society. Otherwise it will not be
possible to cope successfully with the myriad of problems involved in this arca.



THE BIOLOGY OF THE
ESTUARY'

L. Eugene Cronin and Alice J. Mansueti

Chesapeake Biological Laboratory, Natural Resources Institute
University of Maryland,
Solomons, Maryland 20688

An estuary is a mixture of a river and the sea. More exactly, it is a
semi-enclosed body of water which has a free connection with the open sea and
within which sea water is measurably diluted by fresh water from land
drainage.? Each estuary is a site of vigorous interaction among land, sea and air.
The symposium cover shows a diagram of one principal type, the drowned valley
or coastal plain estuary which is found in many coastal arcas.

There is enormous variation among the nearly 900 estuaries along the coasts
of the United States. The Atlantic Coast includes many of them; among these,
the Chesapeake and Delaware Bays (Fig. 1) are large and excellent examples of
drowned valleys and have received much research attention. Such coastal plain
estuaries are the prototypes for most of the characteristics and examples
presented in this discussion.

Other types of estuaries, and those in regions other than the Atlantic Coast,
differ from this summary to varying degrees. 1t is not possible or appropriate Lo
reduce all estuaries to a single characterization. Fach, in reality, is an individual
ecosystemi with its own interesting identity, reflecting the highly local effects of
river, sea, land and air.

Glacier-gouged fjords, such as occur in Norway and the Pacific Northwest, are

YContribution No. 421 from the Chesapeake Biological Laboratory. The Senior author is
l)irr;t»lnr of the Laboratory and the second author is 4 Research Associate.
“Definition of Dr. Donald W. Pritchard.

14
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Figure 1

one kind of estuary (Fig. 2). Earthquakes, land shifts and other violent actions
created estuaries such as San Francisco Bay. Barrier beaches have slowly
developed to enclose Biscayne Bay in Florida and the lagoon behind Ocean City,
Maryland (Fig. 3), and scores of comparable coastal lagoons, especially along the
Gulf Coast. Some estuaries contain a mixture of oceanic and land-sourced water
but are not easily classified, such as the area in Florida around Ten Thousand
[slands and at Cape Sable,

SOME PHYSICAL, CHEMICAL AND GEOLOGICAL
CHARACTERISTICS

There are, however, characteristics which appear to be common to many
estuarics. As shown by a section along the center of a simplified model (Fig. 4),
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Figure 3



The Baxloes ot 0 estuary

. FRESHWATER ESTUARINE

Courtesy U 8. Army Corps of Engineers
Figure 5
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Figure 6

there is fresh water at the rviver end, oceanic conditions at the other, with the
mixing system called the estuary located between. The river influence may
originate far inland, and the oceanic influence may derive far beyond the
continental shelf (Fig. 5) or the edge of the open sea.

I most estuarics, there is a gradient in salt content from high values of 30 to
$ parts of salt per thousand parts of water at the ocean end to zero salinity at
the river end. sohaline lines following the same salinity value, however, do not
usrally run straight geross the estuary. The carth’s rotation causes these lines to
be higher on the right-hand side facing upstream in the northern hemisphere
(Fig. 0) and on the left-hand side in the southern hemisphere. Sampling also
reveals that deeper waters are usually saltier than surface waters and that the cbb
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Figure 7

and (low of the tide carry the isohalines up and down the estuary (Fig. 7). These
lines of uniform salt content are also driven downstream when the river flow is
high and upstream during the periods of low flow from the land. Since high-flow
runoff is often several hundred times as great as low-flow runoff, seasonal
salinity variation may be very large at one location.

Many of the coastal plain estuaries contain a two-layered system of
circulation which is of unique importance o the species which live there. This
circulation pattern is the result of the intrusion of heavier salt water from the
ocean under less saline and lighter water from the river. Particles of water near
the surfuce undergo a net downstream movement, whereas water particles near
the bottom are carricd toward the upper end of the system (Fig. 8). This creates
a stratified system, with a distinctive estuarine paltern of circulation (Fig. 9)
that resuits in transportation of organisms in the surface water toward the sea
and of urganisms in the bottom water toward the river.

The total quantity of water {lowing past each point of land increases
enormously toward the ocean. In a diagrammatic representation 1o suggest the
increase, IR can equal the flow from the river and the quantity at various
locations may be shown in multiples of R (Fig. 10). It is clear that far greater
volumes of river water are available for dilution of wastes (if that is desired) in
the seaward portion of the estuary.,

River water eontains sediments which are washed down from the river or
eroded from the shore. The constant input of this solid material eventually fills
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Figure 12

vach basin or builds a delta oul into the sca. In large estuaries, the highest
concentration of suspended sediment is usually found in the low salinity portion
(Fig. 11). This is where floceulation ocours, where the hroadening of the bay
permits sediment to settle, and where currents from wind and waves frequently
resuspend and redistribute sediments. Permanent accumulation occurs in the
deeper channels (Fig. 12), where compact deposits of fine parlicles may be over
a hundred feet deep. The sediments absorb many chemicals and remove them
from the water unless dredging or stirring releases them or biological activity
removes the chemicals from the deposit.

Physically, estuaries are influenced principally by variations in river flow,
density differences between water masses, tidal movements, the physical shape
of the basin, the earth’s rotation, and friction. Because they are relatively
shallow, estuaries are more affected than the open sea by wind, changes in air
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temperature, and sunlight. Man’s effects on the physical parameters are rapidly
increasing. Flow rates, temperatures and vertical stratification all change
seasonally; also, there are short-term variations in all physical conditions.

The chemical composition of estuarine water at one site is usually the
quantitative resultant of the mixture of seawater (with stable inorganic ratios
and more varable organic components) with land-sourced water (chemically
related to the river basin). The form and chemical activity of elements and
compounds in cstuaries are only partially understood. Chemicals may enter
physical association with the abundant silts and microorganisms, interact
chemically with the great variety of other elements and compounds present, or
enter the biochemical processes of the diverse biota. Addition of such substances
as nutrient salts from treated scwage, trace metals or other compounds from
industrial waste, pesticides, or other matenals from specific points ol origin, will
produce patterns which are not the simple resultants of admixture of ocean and
nver waler.

All of these geological, physical, and chemical patterns create the environ-
ment of the living organisms which are so frequently abundant in estuaries. They
produce a dynamic, variable, and highly stressful environment for life, and they
have many important cffects on the selection and abundance of successful plant
and animal species.

THE BIOLOGICAL PATTERNS

Bacteria are ubiquilous and abundant in estuaries. Many surfaces and the
water mass itself are rich in bacterial flora. As “little bags of enzymes” they are
important to many chemical cycling and recycling processes. They are also
important to the health of estuarine species and people and there is urgent need
for increased comprehension of their roles in estuaries.

The only food factories in estuaries, as on the rest of the earth, are plants.
They use nutrients and carbon dioxide in the photosynthetic processes to create
organic materials. Drifting one-celled or colonial phytoplankton are frequently
present in quantitics of millions of organisms per liter of water. Measurement of
phytoplankton and of its rates of production are not easy; therefore, use is made
of indirect techniques such as comparing oxygen production in light and dark
bottles placed in stable conditions of temperature and light for fixed periods of
time. Such studies show that phyloplankion, in summer, is often most dense
near the surface and in the low salinity areas (Fig. 13). In winter, the crop is
smaller and more uniformly distributed (Fig. 14), but food production
continues.

Plunktonic plants are the only important plants in the open sea, but the
rooled aquatic plants are of enormous importance in Lhe shallow waters of
cstuaries at the cdge of the land. These form two kinds of communities-
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submerged beds and marshes (Fig. 13). Subsurface rooted plants (in which the
“root™ is more accurately called a hold-fast) capture nutrients which are huilt
mto plant tissues during their growing season. These beds are excellent habitats
lor many fish, crustacea and other species. In temperate climates, these beds die
back during fall and winter, releasing organic detritus. Films or beds of algae on
the bottom are sometimes highly productive.

Marshlands (Fig. 10} vary, especially in relation 10 salinity, the availuble
substrate, and longitude. Recent rescarch has helped to clanfy their complex and
unigue roles in coastal systems. Briefly, they are organic factones, traps for
sediments, reservoirs for nutrients and other chemicals, and the productive and
essential habitat for a large number of invertebrates, fish, reptiles, birds and
mammals. Annnal plant growth and decay, providing continuing large quantities
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of organic detritus, is one of the major components of the cyeling of nutrients in
raluaries,

A portion of the plant material is consumed by animals. The zooplankton
inchudes abundant copepods, shrimplike species (Fig. 17), larvae of almost all of
the animals which live in cstuaries (Fig. 18), jellyfishes, and other drifting
species. Many of these consume phytoplankton or browse on larger plants, but
some ingest detritus, strip off the bacterial film which has developed, and
evacuale the detritus to act again as a substrate. Zooplankters, like all other
cstuarine species, reveal behavioral patterns which permit them to be successful
in the specific enviconment of the estuary. A diurnal migration cycle has been
obseeved in many species (Fig. 19). In the ocean, this would involve only vertical
movement. In the water circulation patterm of a two-layered estuary (Fig. 8),
however, this vertical movement translates into upbay movement during the day,
and downbay transport at night- resulting in a roughly circular motion which
retains the species near its optimal salinity range. Other interesting mechanisms
are known to exist which prevent zooplankton populations from being washed
out to sea, and there are probably undiscovered adaptations which assist the
5"('('“‘3.

The bottom  species, collectively called the benthos, are usually more
thundant and valuable in estuaries than in fresh water or the ocean. The species
we highly liverse, ineluding many annelid worms, a variety of crustacea,
nelluses, and associated fish and invertebrates. Many feed by various filtering
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processes, and this continnous removal of phytoplankters and other food
particles is an cffective trapping of nutrients flowing through the estuary.

The rich shellfish beds of Chesapeake Bay and many other bays on all coasts
are vivid examples of captured food incorporated into sessile and haryestable
animals. Shellfish beds are widety dispersed in estuaries, with cach species in its
own optumal habitat. Oysters of various species are found on all coasts of the
United States, but several of the most successful species oceur only in estuarine
environments. Soft-=hell elams are more northern in distribution and range from
low to high salinities. Some of the densest clam beds are in the Chesapeake, near
the southern edge of their range (Fig. 20). The bottom sediments of many
estuarine arcas cowtain a varied and abundant mixture of species which is
revealed only by sieving and washing (Fig. 21).
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Figure 22

Along the length of the estuary, the benthic populations range from {resh to
marine environments, bul the densest beds are often near the center of the
system. Each community is complex (Fig. 22) and greatly affected by the
surrounding biological community and abiotic environmental conditions. The
oyster, for mstance, is notable flor its ability to tolerate high sediment
concentrations, temperature variations from near freezing to summer heat, and
salinities from about five parts per thousand to oceanic concentrations, The real
distribution of oysters, however, is frequently controlled by three factors. The
upstream fimit is set by the maximum flow of fresh water from the river. The
downstream limit is set by predators and parasites (boring snails, starfish, fish,
and microscopic organisms) which occur only in high salinities. [ts lateral spread
is limited by the too-soft sediments of many channels, so that the oyster (and
other molluses) are most abundant on the shoal, firm channel shoulders (Fig.
23).

The sessile benthic estuarine species possess unique advantages and offer some
of the greatest opportunities for aquaculture. They occur close Lo shore and are
accessible, they arc sessile and can be owned by the cultunist, and they have high
commercial value. Especially significant is the fact that they feed very near the
beginning of the {ood chain, where the quantities of available food are greatest.
Some species can also be reared in hatcheries, making it possible o breed
stperior strains for tast growth or other desirable characteristies.

The aquatic species which can swim faster than usual water currents, and can
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Figure 23

therefore control their distribution and movements, are called nekton. Most of
these are fish, and most of the valuable coastal specics are totally or partially
dependent upon the estuarics. Some fish are herbivores, feeding on microscopic
plants by filtration or on larger plants. Others are carnivores, which cateh smaller
animals. Some of the finest game fish are super-carnivores, pursuing and
capturing other fish, Most species, in fact, change their feeding habits drastically
as they grow from tiny larvae to post-larvae to juveniles to adult fish. A striped
bass might depend in turn on phytoplankton, copepods, possum shrimp and,
eventually, a mixture of fish and larger invertebrates. Fish use estuarine waters in
several different ways, and typical species illustrate those uses.

The striped bass is one of the great estuarine species of the world, providing
excellent fishing for both food and pleasure. In many bays and rivers, it spawns
near the interface of fresh and low salinity water (Fig. 24). (Some move farther
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Figure 24

into rivers, and a few striped bass populations are adapted to. fresh water.) In the
estuary, the eggs and larvae drift downstream (past the area of heaviest silt) and
the developing fish feed throughout the system until they. reach maturity and
repeat the cycle. There are several subpatterns, involving movement of small fish
to shoals, ‘winter congregation in deeper water, summer dispersion, and coastal
migration by part of the population. Each demonstrates the remarkable
compatability of the estuary and this species. There is even some suggestion that
the early effects of enrichment of estuarics by human waste disposal may have
been beneficial to this species. The white perch, a member of the same family of
fishes, follows a similar pattern (Fig. 25), except that populations do not range
as far in the large estuarine systems. Both of these are semi-anadromous fish,
which move from saline water to, or almost to, {resh water for spawning.
Anadromous species are well exemplified by the herrings, the salmons, and
the shads. The American shad spawns only in fresh water, the young browse in
the estuary during their first summer and the next 3 to 4 years are spent in
the open ocean (Fig. 26). Utilizing sensory systems which are almost incredibly
~selective (and very poorly understood). most return to their river of origin for
spawning. For such species, it is obvious that the environmental quality of the
‘entire estuarine system must be within the tolerance of the species, or the life
cycle will ‘be broken. The homing instinct is almost certainly guided by
extremely small quantities of chemical substances in the water. Therefore, it is
“conceivable that one or more of the many exotic chemicals now seeping and
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Figure 27

dripping into estuaries may interfere with the delicate sensory systems or
mislead or confuse the fish on their urgent migration to the spawning grounds.
Such a subtle sequence could destroy a population with very little chance that

the cause could or would be detected.
Another group of fish regularly utilizes the complex circulation system of the

estuary by spawning at the entrance to estuaries. The croaker is an example on
the Atlantic coast. The young are rather rapidly transported upstream in the
saltier deep water to reach the plankton-rich low salinity arca (Fig. 27). Several
members of the drum family, the menhaden, and other species use the inherent
movement of water in this way.

Many of the species which live in the open ocean or over the continental
shelf, such as bluefish, move into the estuaries to feed on the abundant
biological crops that occur there (Fig. 28). In fact, most oceanic species
oceasionally enter estuaries, and some undertake regular seasonal feeding forays
into them.

All of these patterns of use exist simultaneously as each species follows ils
own seasonal sequence. The resulting complexity of movement (Fig. 29) may
include the regular or occasional presence of up to several hundred species. Many
of these species are dependent both on the estuary, itself, and upon availability
of clean water and a favorable environment in all of the areas they utilize.

The low salinity portion of many estuaries is a region of exceptional value to
fish. This region receives fish eggs, larvae, and young from freshwater spawners,
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Figure 30

semi-anadromous and anadromous fish, estuarine spawners, and some of those
that spuwn in the lower estuary or ocean (Fig. 30). This region therefore
becomes a resource of unique importance. Its high value is not obvious, however,
since these slages in the life history are not visible to anyone except those who
employ the highly specialized collecting gear (Fig. 31) that is required to reveal
the diversity and abundance of young fish and their food. These rich fish
nurseries that are the estuaries merit special care and protection; it is a
threatening coincidence that many cities are located near these regions close to
the head of navigable deep water,

The species which have successfully adapted to estuarine circumstances are
not numerous in comparison with tropical or oceanic specics. When they are well
adapted, however, they are often exceptionally abundant. Within the groups
briefly discussed, copepods, jellyfishes, oysters, clams, worms, striped bass,
white perch, anchovies, herring, and many others provide examples of
remarkably high population densities.

Among those species which are exceptionally well fitted for the estuarine
environment is the blue crab, which spawns near the occan 1o produce
planktonic zoea larvae (Fig. 32). The megalops, or second stage larva, settles Lo
the hottom and subscquent post-larval stages are widely dispersed by the
upstream deepwater drifl. The juvenile crabs semi-hibernate during cold weather
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Figure 33

(north of the Carolinas, not south) and continue to shed their exoskeletons and
grow. Mating ‘occurs in middle and low salinities and the females move rapidly
back to the spawning grounds, perhaps gaining some advantage from the net
downstream drift of surface water. Here is a composite example of use of the
circulation patterns, dispersion to rich feeding areas, dependence.on the integrity
of the entire system, and high (though widely variable) abundance. Perhaps the
blue crab is an appropriate biological symbol of the estuary.

IN CLOSING

These features' of the physics, chemistry, geology, and biology of many
American estuaries existed when this continenl was first discovered by people
from other land masses. Subsequent migration, population expansion, and.
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dramatic technological development have rather suddenly placed enormous
additional stress on many useful but fragile estuaries (Fig. 33). Perhaps this brief
summary of the rich biological systems involved can assist rational and effective
efforts 1o live in enduring harmony with the complex and sensitive ecosystems
of these valuable but vulnerable bodies of water.
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The Texas Water Plan (Fig. 1) is a complex, flexible guide for long-range
development of water resources 10 meet the needs for water throughouot Texas
for all purposes through 2020,

The Texas Water System is that part of the Texas Water Plan comprising
reservoirs, canals, pipelines, distribution facilities, pumping stations, cte., which
will be necessary to move and manage water resources of basins in Texas with
interim or long-term surpluses, o provide for intrabasin needs, to make surpluses
available for conveyance to areas of deficiency, and to provide for and manage
water imported from out of State,

The State has concluded that if its economy is to be maintained and continne
to expand it is essential to make the best use of available water for municipal
and industrial uses, irrigated agriculture, mining, recreation angd otleer essential
tses,

Thaus, the Texas Water Development Board first defined long-range require-
menls for waler in all parts of the State, and water resources in the State which
could be ulilized to meet these requirements, 1t soon became apparent that if
the Texas population continued to grow and its cconomy to expand at the
present rate, water supplies within the State would not be adeguate 1o meet the
projeeted needs over the next 50 years, The Board concluded that water from
out ol State st be obtamed. wnl several alternatives were examined. The
conclusion was reached that surplux water from the Jower Mississippi River

40
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Figure 1

appeared to offer the greatest promise. The Texas Water Man, therelore, is based
on the assumptions:

1. that the water resources of Texas will be fully committed by 2020
2 that 12 to 13 million acre-feet of surplus water annually will be available

for export from the lower Mississippi River.

WATER SUPPLY AND DEMAND

The water supply problem in Texas is compounded by the fact that annual
supplies vary greatly and the amount of water flowing in Texas streams ranges
widely from cast to west, as does preeipitation. Ahout 3/4 of the total average
annual Tunoff occurs in the eastern 174 of the State. During a series of wel years
(1940-1946) total runofl averaged about 59 million acre-feet annually hut
during a dry cycle (1950-1956) only 24 million acre-feet of runoff resulied.

In 1960, Texas industyy, agriculture and municipalities used more than 15.0
million acre-feet of fresh water, supplied mostly by ground water (Table 1). It is
estimated that with population projected to inerease from 9.6 million people in
1960 10 30.5 million people in 2020, together with attendant industrial and
agriculture expansion, Texas will require more than 29.0 million acre-feet of
fresh water annually for municipalities, industry and agriculture. These are in



42 Marning Session

addition to fresh water needs for mining, navigation, pollution control. the
cstuaries, and to replace evaporation losses, Since ground water supplies are
diminishing, most of the future fresh water needs must be supplied by surface
water and almost half of this will have to be imported from ont of State.

Table 1. Total Estimated Fresh Water Requirements for Texas, Exclusive of
Estuaries (Millions of Acre-Feet)

1960 2020
Uses
Total { Ground | Surface | Total | Ground | Surface
Irrigation . .. ........... 12.5 10.4 2.1 16.9 3.0 13.9
Municipal and [ndustrial .. .. | 26 1.5 1.1 12.2 2.2 10.0
Mining................ 1 A 0 1 1 U
Navigation ............. 0 0 0 A 0 4
Estuaries and Refuges® . . . . . 0 0 0 2.5 0 2.5
Fvaporation Losses From Texus
Waler System . .. ... .. .. 0 0 0 1.4 0 14
Total ... .. ....... 15.2 12.0 3.2 33.6 2.3 28.2

"Includes 13.0 million acre-feet of surface water needed from out of state.
2partial replacement for upstream divisions; not total estuarine fresh water requirements.

Source: Publication, *The Texas Water Plan,” by the Texas Water Development Board,
November, 1068,

Much of the water diverted from streams for municipal and industrial
purposes is retumed lo the stream as sewage and industrial waste. Part of the
witer used for irrigation also returns to streams or estuaries as agricalture return
Mows containing fertilizers, pesticides, and herbicides.

Municipal and industrial return flows now total about 0.8 and 1.3 million
acre-feet, respectively, each year. About 0.5 million acre-feet of the industrial
return flows are saline water from the estuaries. Thus about 1.6 million acre-feet
ol fresh waler are diverted from streams, used, and returned to the streams and
estnarics as  domestic sewage and  industrial waste. There is little if any
information on the quantity and quality of agricultural return flows,

Almost 30 pereent of all municipal and industrial retum flows derived from
fresh water originale in the Houston area and most is discharged into Galveston
Bav. An additional 15 percent of the return flows originate in Dallas-Fort Worth
and also reach Galveston Bay via the Trinity River. Municipal and industrial
reteen flows will increase tremendously, with 30.5 million people in Texas,

reaching an estimated 0.1 million acre-feet per year by 2020. Much of this waste
waler will reach the estuaries. The amount of future agricaltural return flows is
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not known but would be considerably greater with expanded irrigation, The
estimated amount of municipal and industrial return flows now reaching the
extuarivs. and Tows expeeted by 2020, are shown in Table 2.

Table 2. Estimated Change in Annual Municipal and
Industrial Return Flows to the Texas Estuaries
{Millions of Acre-Feet)

Estoary Historic (1960) | Future (202(h

Sabine lake' .ol .049 b
Galveston Bay . ............ 202 1.50
Fast Matagoeda Bav . ... ... .. Q 0
Matagorda Bay ....... ... ... 004 0
San Antonio Bay ......... .. 01 30
Aransas Bay ....... ... ... .. 011 A5
Corpus Christi Bay .. ........ 022 20

Total ... ...t 299 3.01

LEuture return flows estimated to 2010 only.

Source: Historic and Sabine Lake 2010 from the Bureau ol
Heclamation.

Future, excluding Sabine Lake, from the Texas Waler
Development Board report, “The Texas Water Plan,” of
November 1968.

At present the Texas estuaries, including Sabine Lake, receive an average of
26.5 million acre-feet of fresh water from major tributary runoff. This has varied
between about 6.0 and 52.0 million acre-feet depending if the particular year
was extremely wel or dry. Much of this waler must be considered as part of
Texas” waler reguirement if the ccology of its estuaries is not Lo be disrupted.

In its present form the Texas Water Plan does provide for considerable
amounts of fresh water for the estuaries to partially replace that which will be
diverted by local upstream developments. In fact, about 2.45 million acre-feet
would be delivered to the estuaries each vear. | will diseuss this aspeet of the
Texas Water Plan later, First, however, 1 would like to acquaint you with the
major features of the Texas Water System.

Virtually all of the information and statistics 1 am presenting was obtained
from publications of the Texas Water Development Board and from records,
reporls, and publications of the Bureau of Reclamation, United States Fish and
Wildlife Service, and Texas Parks and Wildlife Department (cf. General Source
References, following Conclusion) pertaining to the earlier Texas Basins Project.
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The latter has been incorporated virtually mtact into the plan for the Texas
Water System.

DESCRIPTION OF THE PROJECT

[ will not attempt to discuss inland arcas which might be modified or
influenced by the Texas Water System as this is notl the purpose of this
symposium, Even so, I can at best discuss only some of the highlights of the
Texas Water System as it relates to estunaries. [t would take years of study by a
large group of specialists and many days of discussion o describe all of the
ramifications and impacts of this proposed system on the estuaries and their
associated fish and wildlife resources.

The coastal area which would be influcnced by the Texas Water System
includes all of the estuaries, coastal lagoons, and brackish and salt marshes in
Louisiana and Texas. They total about 9.6 million acres.

Texas presently has existing or under construction 157 reservoirs of 5,000
acre-{eet or larger capacity; the total combined conservation storage is 28.6
million acre-feet. The Texas Water Plan proposes 67 additional major storage or
regulating  reservoirs with conservation storage of 32.1 million acre-feet.
Hundreds of miles of canals and pipelines would be required. The actual length
of such conveyance facilities is not known because final alignments are not
definite. In any event, waters from east Texas would have to be lifted 2,700 feet
to the terminus in the high plains. This would require about 5 million kilowatts
of electrical energy annually for pumping. When fully operational, the Texas
Water System would require almost 7 million kilowatt-hours of electrical energy
cach year, or 37 percent of the present generating capacity of the entire State.
This does not include the energy which would be required to pump Mississippi
River waters to Texas.

The physical facilities of reservoirs and conyeyance channels, pipeline, ete.,
comprising the Texas Water System are grouped into (1) the TransTexas
Division, (2) the Coastal Division, (3) the Eastern Division, and (4) the Interstate
Svstem (Fig. 2).

Trans-Texas Division

The Trans-Texas Division includes the storage and regulating reservoirs and
interconnecting conduits and pumping plants in the northeast Texas river basins,
the Trans-FTexas Canal, and the terminal reservoirs and water distribution
systems in west Texas, the panhandle and castern New Mexico,

The Trans-Texas Division would supply water for all municipal, industrial,
and irrigation requorements in northeast Texas and the Dallas-Fort Worth area. 1t



The Texas Water Pian and I ts Effect on Estuaries 40

sabine
l.ake

Matagorda Bay
San Antonio Bay
Aransa- Hay
Corpus Christi Bay

EXPLANATION
® \gjor reservuin

Canalx and Pipelines

— —— Trans-Texas Division
"""""""" F.astern Division
= — = = Llpastal Division
e ? Interstaie System

1 agnna Madre

Figure 2. Schematic Disgram of the Texas Water Plan’s Major Facilities and the Texas
Estuaries,

would deliver water through the Trans-Texas Canal to north central Texas, the
high plains, and eastern New Mexico and by pipeline from the high plains to
west Texas.

Water to be transported through the Trans-Texas Canal includes:

Use Aecre-Feet Per Yeur
Municipal and Industrial . . . . 950,000
Irdgation . ... ... e 7.584.000
New Mexico .. ........ ... 1,500,000
Operating Loss (Evaporation) 947,000
Total ..oeeennnnn-n 10,981,000’

L About 8.4 million acre-feet of this total would be
supplied from the Mississippi River.
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The Trans-Texas Division is far removed from the coast and could not be
expecled to effect estuaries directly except that it would carry considerable
volumes of water which otherwise would reach the estuaries.

The Eastern Division

The Fastern Division includes the conveyance facilities, regutating reservoirs
and pumping facilities in ecastern Texas to move imported water from the
Mississippi River north to the Trans-Texas Division and south to the Coastal
Division as required. Since {inal decision has notl been reached as to where
imported waters (il any) would reach Texas, the plan for the Eastern Division
remains flexible enough to accommodate either southern, northern, or mid-state
delivery.

The Coastal Division

The Coastal Division is comprised of the Coastal Canal with storage and
regulating reservoirs, storage and conveyance facilities required to supply water
to the city of Houston, and diversion, storage and conveyance facilities to supply
urigalion waters to the southwest and Rio Grande Valley. The Coastal Division
would provide water for municipal and industrial uses, irrigation, the estuaries,
and wildlife refuges as follows:

Use Acre-Feot Per Year
Irrigation ............... 1.817.000
Municipal and Industrial . . .. 518,000
Bays and Estuaries . ....... 2,450,000
Wildlife Refuges . ......... 60,000
Operating Loss (Evaporation) 455,000
Total 5,300,000°

"Does not include water for Houston and San
Antonio which can be provided from several sources.

About 4.1 million acre-feet of water for the Coastal Division would be
supplied by the Mississippi River.

The Coastal Canal would parallel the coast from the Sabine River of eastern
Texas to the lower Rio Grande Valley, a distance of about 400 miles. The
alignment is similar to that proposed by the Bureau of Reclamation for the
Texas Basins Project.
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The Coastal Canal would divert surplus water from only three river basins
along the Gull Coast—the Sabine and Neches Rivers that flow into the Sabine
Lake estuary, and the Guadalupe River that is a tributary to San Antonio Bay.
Water would not be diverted by the Coastal Canal from the other major rivers
which terminate in the estuaries. Instead, the water of these rivers, which include
the Trinity, San Jacinto, Brazos, Colorado, Lavaco and Navidad, Mission,
Aransas and Nueces, would be developed, diverted and used by local interests so
that flows reaching the estuaries nonetheless would be reduced in quantity and
qualil}'. ‘

The Coastal Division through the Coastal Canal would augment frehwater
flows to Galveston, Matagorda, Aransas and Corpus Christi estuaries to partially
replace local diversions and to San Antonio Bay to replace (in parl) diverted
project flows from the Guadalupe River.

The Interstate System

The Interstate System includes the facilities such as canals, regulating
structures, siphons, and pumps to move 12-13 million acre-feet of water each
year from the Mississippi River to Texas, Many routes are being considered but
final sclection must await a determination thal surplus waters are indecd present
in the Mississippi River for export. Studies now are under way which should
sitle this question. In any event, the route which is receiving the most atlention
is one which essentially would follow the Gulf Intracoastal Waterway and
intersect the Mississippi River below New Orleans.

Stages of Construction

Prerequisite 1o construction of any conveyance unit would have to he the
assurance that out of State water is available for Texas. This ix absolutely
exsential 1o avoid expenditure of huge sums ol money only to end up with a dry
ditch.

After imported water supplies have been assured, the Texas Water Develop-
ment Board has proposed that schedules for study, authorization, design, and
construction of the Texas Water System and lnterstate System proceed as

(ollows:

-
.

Feasibility studies completed by the end of 1971
Authorization for construction by mid-1974

Funding for design in late 1974

Complete the design for the Coastal Division in mid-19760
Complete the design for the Trans-Texas Division in mid-1977
6. Complete the design for the Interstate System in mid- 1980

_‘.-1:]:-&!&
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Timing of these developments would be critical, particularly for the high
plains where ground water supplies for irrigation will be considerably reduced by
1985.

Construction would start immediately after completion of design so the first
delivery of water through the Coastal Canal 1o the Rio Grande Valley would
occur in 1980; delivery of water from northeast Texas through the Trans-Texas
Canal to the high plains would be achieved in 1985; and first delivery of
Mississippi River water through the Coastal and Trans-Texas Canals would be
expected in 1988,

Cost

The Texas Water Plan is the largest, most complex and costly water plan ever
conceived, Estimated total cost, exclusive of local irrigation distribution systems,
based on 1967 prices, is about $10 billion. Local irrigation distribution systems
would cost about $250-$300 per acre, The State portion of the estimated $10
billion cost would be about $3 biltion. At 3% percent discount rate it would cost
about $120 million in capital costs to supply 2.45 million acre-feet of
replacement water to the Texas estuaries. This is about 1.2 percent of the total
cont of the Texas Water Plan—a real bargain.

FISHERIES RESOURCES

A significant part of the United States commercial fishing industry is located
in the Gulf of Mexico region. From 1950 to 1968 the relative contribution of
Gulf landings to the total United States commercial lisheries harvest rose from
12 to 31 percent. The Gulf of Mexico in 1968 contributed 1.3 billion pounds of
fish and shellfish, worth $125 million to the fisherman. Most of this harvest
consisted of species dependent on estuaries.

The coastal arca 10 be influenced by the Texas Water Plan (Louisiana and
Texas) in 1968 contributed 22 percent of the total volume of 4.1 billion pounds
of fish and shellfish caught by United Stutes fishermen, This cateh contributed
18 percent of the total income to vur fishermen (Table 3).

Virtually the entire catch from Louisiana and Texas is comprised of species
dependent on estuaries. Species contributing 1o this commercial harvest include
the brown, white and pink shrimps, menhaden, spot, Atlantic croaker, striped
mullet, black drum and red drum. Al of these species spawn in the Gulf of
Mexico, but their young move into the estuares to complete their juvenile
growth before returning to the ocean. Other species which contribute signifi-
cantly to the commeraial catel of Texas and Louisiana are the American oyster,
a permanent resident of the estuaries, and the blue crab and spotted sca trout.
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Both ol these speeies normally spend most of their lives in estuaries, but
oceasionally may venture into the shallow, nearshore waters of the Gulf,
Without the estuarine nursery habitat, or cuitable estuarine conditions, it s
doubtf{ul if any of these species could survive in commercial quantities.

Table 3. Comparison of 1968 Commercial Fishery Catches from the
Project Area (Louisiana and Texas) with Total Catches from the
Gulf of Mexico and from the United States (In Millions)

1968 Commercial Catch
Area of Capture
Volume | Value 1o Fishermen
Pounds [
AlaDama . . .o r e i 323 98
Florida Wesi Coast . ... v vvvcvvanareramnoras 103.8 22.1
MisSISSIPPE « 200 vnvvcrnnrcnsronnoansesnnnn 2424 8.7
Project AreaTotal ... ... .cooiviennnieonnn 896.5 84.5
(Louisiana) . . ....vueovveccannneramunens (747.9) (10.6)
(TeXAS) .o o vern e amnann s (149.0) (44.2)
Total Gulf of MEXIC0 . . v v vvvv e connrroesas 1,275.0 125.4
Total United States ... vve v onroraacneeans 4,116.1 471.5
Perceni project area contributes to United States
Total ... ...t ercrtar s ran e 22% 18%

Source: Bureau of Commercial Fisheries publication, “Fisheries of the United
States—1968,” C.F.S. No. 5000.

In addition to commercial fishing, most of these same species now support
about 16 million man-days of sport fishing in Louisiana and Texas. If population
projections are anywhere near correct, the coastal projeet arca (Louistana and
Texas) will be called on to provide more than 35 million man-days of sport
fishing annually by 2020.

Fven though the project area estuarics and marshes contribute so much to the
total United States commercial {ish catch. their potential to contribute more i3
considerable, Many species are not now being harvested to capacity and others
are not caught at all. As the human populations increase, there will be more and
more demand for commercial fisheries products, as well as for more fish to
support recreational fishing. It is entirely possible that the catch of estuarine-
dependent species can be increased several-fold in Texas and Louisiana if the
integrity of the estuarics and coastal marshes can be maintained.
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PROJECT AREA ESTUARIES

The Gulf of Mexico is richly endowed with estuaries and coastal marshes, The
most recent figures available indicate there are 127 million acres of estuaries and
coastal marshes in the five States bordering the Gulf of Mexico. The ratio of
tidal shoreline to marsh area of 0.54 is the greatest of any coastal region in the
United States. Two-thirds of our coastal marshes and more than 1/3 of our
cstuarine water area is located adjacent to the Gulf of Mexico. It is this
tremendous arca of coastal marsh and shallow cstuaries that makes the Gulf of
Mexico so productive of fisheries resources,

The combined estuarine areas of Louisiana and Texas (the project area)
include 4.8 million acres of estuaries and lagoons and 4.5 million acres of coastal
marsh, This represents about 68 percent of the entire estuarine acreage of the
Gulf of Mexico and almost 80 percent of its coastal marshes. Even more
significant, the project area contains 24.0 pereent of the total cstuarine area and
35 percent of the coastal marshes of the entire contiguous United States. Stated
another way, Louisiana and Texas contain almost onc-third of the total
cstuarine-coustal marsh compiex of the contiguous 48 States (Table 4).

The project area cstuaries are urique also for another reason. They are
extremely shallow, being only a few feet deep, have very small tides of only one

of iwo feet and, for the most part, are relatively turbid naturally. This is because

Table 4. Comparison of Marsh and Estuarine Acreage in the
Project Area (Louisiana and Texas) with that of the

Gulf of Mexico and the Contiguous 48 States (Millions
of Acres)

. 1
Habitat Project Area Gulf of | United

Mexico | States

Total | Louisiana | Texas

Coastal Marshes . . . . | . 4.5 39 6 5.7 8.2
Estuaries and Lagoons . | 4.8 34 14 7.0 20,1
Total ..., ., .. 9.3 7.3 2.0 12,7 28.3

1 Does not include 350,000 acres of salt-flats in Texas,

Source: Unitod States and Gulf of Mexico Trom the Federal Water
Potlution Control Administration's report on, *“The National
Estuarine Pollution Study,” of November 3, 1969,

Loutsinng  from  the Lounisiana  Wildlife and Fisheries

Commission’s Gulf of Mexico Fstuarine Inventory Federal Aid
88-109 study.

Texar from data developed by the United States Fish and
Wildlife Service for the Texas Basin Project.
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of the ureat volumes of tribtary fresh water received which carry fine sediments
from the uplands, Waters of the central and western Texas estuaries, however,
are relatively elear heeause much less tributary ranotf oceuars.

Because the project arca extuaries contain relatively smatl volumes of water in
relation 1o their surface areas and hecause tidal exchange is small they are very
susceplible to pollution and physical alterations caused by man, including
modification or reduction of tributary fresh water.

The project area estuartes provide suitable habitat for most species that
contribute to commercial and sport fisheries, Many of these species require
wmewhat different environmental conditions during various stages of their
development. Typical estuanies in the project area possess a well-defined salinity
gradicnt between headwater and Gidal pass, They thus are characterized by a
broad spectrum of conditions and habitats theoughout which many species can
be accommodated, many of them simultancously.

The amount of fresh water discharging into or reaching the estuarics controls
these conditions to a very large extent and literally can be considered the life
blood of the system. Without sufficient fresh water, hypersaline conditions
develap in regions of high evaporation, such ax in southwest Texas. The estuary
then hecontes a hypersaline coastal lagoon. The Laguna Madre is such a system
and Corpus Christi estuary frequently exhibits such hypersaline characteristics
bhecause its (reshwater supplies are being reduced by upstream development,

Reduction of fresh water also has a profound effeet on coastal marshes of the
project area, Salinities in coastal Louisiana have been inereasing during recent
decades, causing a conversion of {resh and brackish marsh to salt marsh with an
accompanying accelerated rate of marsh erosion. Louisiana now is loosing
(housands of #cres of marsh each vear by erosion. This has been well
documented by current studies of the Coastal Studies Institute of Lomsiana
State University whose preliminary figures indicate Louisiana now is lowosing
through erosion more than 10,000 acres of coastal marsh each year.

Tributary (resh water also is essential to assist the estuaries to dilute and flush
pollution into the occan, In addition, many specics depend on lowered salimty
to exclude predators. Perhaps most important is that tributary fresh water
carries nutrients derived from land drainage (o the estuaries. Nutrients from the
land then mix with minerals from the sea, Lo ereate one of the most naturally

productive environments in the world.

FRESH WATER AND THE ESTUARIES

The report on the Texas Water Plan attempts to deseribe how much fresh
water cach of the Texas estuaries will receive in the future. Totals of tabular data
indicate that the estuaries would receive as much fresh water in 50 years as they
do now. This. however, is misteading and not correct because:
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L. The report does not consider the amount of tributary fresh water that
would be developed and diverted by local interests in many of the major
rivers,

2. The report considers only averaged flows, not the minimums or
waximums,

3. The report includes retum flows (sewage and industrial wastes), as part of
the total fresh water supply.

4. Historic average volumes reaching Corpus Christj estuary as used in the
report alrcady have been much reduced. This may be a problem for other
estuaries as well, hecanse 13 years have clapsed since the 10941.1957
period of record used to establish historie base conditions,

. Sabine Lake, the casternmost est uary which receives the largest volume of
tribmtary fresh water, was not included in the report,

The plan properly includes digect rainfall on cach estuary and coastal or local
drainage as part of the total freshwater supply.

Such supplics, however, remain relatively fixed. The rainfall cannot be
captured and local runofl cannot be developed economically. The ctiing of
antmal average rainfall and local runoff volumes, however, only complicates the
problems associated with extremely dry years, when little or no fresh water is
received from such sources,

A redl problem, however, is evident when we cousider the volumes of
tributary Tresh water reevived by cach estuary as opposed Lo the tlows expected
- the future, Even with the 2.45 million acre-feet of fresh water which the
Texas Water Systemn would deliver, the total amounts reaching the estuaries
would be much reduced (Table 5), The entire water requirement - -water supply
preture needs Lo be studied in considerably greater detail, Fortunately the Texas
Water Development Board i doing just that.

Historieally, the Texas estuarios receive on the average about 26.69 million
acre-leet of Aributary fresh water each year from major streams (Table 5). As
litde as 5.8 million acre-feet, however, has been recorded during an extremely
dry vear and as much as 522 million acre-feet during a very wet vear, More than
half o 1his supply discharges into the Sabine 1,ahe estuary feom the Sabine and
Neches Rivers, Fhas, on an average abouwt 12,3 million acre-feet are available for
the rest of the States estugries, Duoring a dry year less than 2 million acre-feet
wouhd be available,

tider 2020 cotalitions, the Texas Water I)r\-:-lupnu-nl Board estimates that,
on the average about F.0 million acre-feet ol fresh water would be available for
the estuaries west of Sabine Lake cach year. The volumes of water which would
be developed and diverted by local interests, however, have not been deducted
fram this amonnt. The 11.0 million iwee-teet figure does include direct rainfall
o the estuaries and local runoft but does not imclnde water to be supplied
by the Tevas Water Sy stei,
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Table 5. Projected Changes m Fstinated Average Annual Major Tributary
Fresh Water Flow to the Texas Estuaries (Millions of Acre-Feet)

Hictoric | 2020 with Texas Water | 2010 with Local
. . . Diverston only 1 does
Estuaries Average System but not local . .
(1941.57) Diversions not mclllfh‘ Texas
Water System
Sabine Luke ..., .. 14,36 899 ( 0) 10.95
Galveston Bay .. .. .. 907 6.60 (1.50) 5.14
East Matagorda Bay . 20 200 M 20
Matagorda Bay ... .. 68 67 ( .30) 50
San Antonio Bay ... 1.5% 70 ( 30) 1.08
Aransas Bay ....... 23 AT (13 15
Corpus Christi Bay .. 60 A7 (.20) 26
Tatal 26.69 18.10 (2.45) 18.28

Note: Figures do not inctude direct rainfall on estuaries, local runofl, or return
flows.
Hneludes water proposed for delivery by the Texas Water System (also shown in
parenthesis).
Source: Historic and 2010 with Local Diversion Only from the Bureau of
Reclamation and from the publication, “The Texas Basins Project,” by
Charles R. Chapman, in Special Publication No. 3. 1966, by the American
Fisherics Society.
2020 with Texas Water System but not Local Diversions from the Texas

Water Development Board report, “The Texas Water Plan,” of November
1068,

Dircet rainfall would average about 3.4 million acre-feet and focal runoft an
estimated 1.3 million acre-feet. Therefore about 6.4 million acredect of
tributary vunoff, exclusive of local diversions would be received. Tribatary fresh
water thus would be cut in half. The Texas Water System, however, would
deliver 2.45 million acre-feet of waler to these esluaries. Thus, almost 9.0
million acre-feet (exclusive of local diversion, direet rainfall, and local runoff)
might be expeeted. These, however, are average flow figures. How much fresh
water would be received in a dry year? Obvioudly much less. 1t appears that local
diversion will present the most critical problem.

The Bureau of Reclamation during its study of the Texas Basin Project did
develop an estimate of the volume of waler which might be diverted by local
interests. 1 would hike to explore these estimates for a moment. Exclusive of
Sahine Lake, local interests might develop and divert about 5 million acre-feet or
about 40 percent of the stream flow on the average that now reaches the
estuaries (Table 5). During a dry year only 500 thousand acre-fcet would remain.



84 Morning Session

1 do not know how much of this estimated Jocal development has been
included in the Texas Water Plan: therefore, it is impossible to quote a truly
reliable future figure. Several very important conclusions, howeyver, can be
drawn. During extremely dry years, the only firm source of fresh water lor the
Texas estuaries would be tfrom the Texas Water System. During dry years the
Texas estuaries would receive as much sewage and industrial waste as they would
fresh water. Even during years of normal runoff the total supply of tributary
fresh water to the Texas estuaries would be much curtailed.

WHAT THE TEXAS WATER PLAN WOULD NOT DO

The Texas Water Plan provides water for municipal and industrial uses,
irmigated agriculture, mining, navigation and the estuaries. The plan also
incorporates flood control benefits, salinity control projects, and guarantees
water for coastal wildlife refuges. The Texas Water Plan is described as a lexible
guide for the development of water resources of the State. The stated goal is to
provide in the most ¢ffective and economic manner the water supplies and other
benefits neeessary to meet the needs of Texas for all purposes throughout the
State as the population grows and the economy expands. The Texas Water Plan,
however, does not provide for the orderly development and management of all
of the Stales water resources. Most of the rivers which discharge inte the
estnanies wonhl not be included in the Texas Water Plan, at least in their lower
reaches, Instead, their waler supplies would be developed pieccemeal by focal
interests with little or no regard for estuarine requirements. The Texas Water
Plan would replace in part such diverted supplies with water of different gnality
and claim a project benefit for doing so. Further, water for the estuaries to be
delivered by the Texas Water System would come from the Mississippt River. If
waler from the Mississippi River cannot be obtained, then what?

The Texas Water Plan objeclive is to provide water for a growing populace
and expanding cconomy; a populace and cconomy that are growing much faster
than the national average. The plan, itsell, by providing water that is not
available now, will contribute and control to a large degree how long this period
of acceleraled rowth will continue in Texas and where it will oceur, This 1s an
exeellent example of a water development project that, for the most part, is not
needed at this tme, but is dependent on future growth that could not take place
if the project were not buill, To quote Dr. Daniel Wiltard of the University of
Texas, “in short, this sort of thinking is a classic example of cause and effect
reversal. We should be thinking more of inercasing the quality of living rather
than the quantity of living. ™

And after 2020 what” Waler supplies will be totally committed und imported
supplics wrung dry . Will Texas™ booming cconomy and population growth then
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stow down and stabilize? The Texas Water Plan does not consider the inevitable
thal same day this will happen.

Though the Texus Water Plan would provide water for more than 30 million
prople, it price tag of $10 billion does not include the cost of providing
reereation for these masses, particularly coastal recreation. Why not” The need
for recreation is directly related to the increases in population which the plan
would make possible. Can you imagine the impact of 7 million people in the
Greater Houston arca? There just will not be enough coastal recreation space
available, Such wrbanized ecnters need to be spread out, decentralized to smatler
units, if there is to be a coastal environment left to support fish and wildlife and
recreation needs,

The Texas Water Plan could, in part, plan for such a distribution--but it does
not, The Plan would provide the necessary water for more than 30 million
people and it does acknowledge the growing problem of providing water for the
estuaries, but it does not plan for the environmental impact of 20 million more
people in Texas. 1t does not consider the environmental impact on Galveston
Bay of 7 million people in the greater Houston complex, or of more than |
million people in Corpus Christi on Corpus Christi Bay, or of more than |
million people in Port Arthur and Beaumont on Sabine Lake,

The Plan does acknowledge that 30.5 million people, with associated
industrial complexes (which the water will provide (or), will generate more than
6.0 million acre-feet of sewage and industrial waste, much of it to be discharged
into the estuarics. The Plan does discuss the need to treat these pollutants but
does not include a comprehensive program, or funds to do so.

The space requirement alone for the millions of people projected for the
coastal areas would be a major disrupting factor on Sabine Lake, Galveston Bay,
and Corpus Christi Bay. Add the tremendous amount of sewage and industrial
wastes to be generated by these millions and the destruction of these estuaries is
virtually guaranteed. The Texas Water Plan does not consider or provide for such
a crists.

What else does the Texas Water Plan not do? It does not consider the impact
on the Louisiana estuaries of diverting Mississippi River waters (o Texas, True,
this problem is being studied by several agencies but this does not guarantee a
solution. 1t is certain, however, that if the Louisiana marshes and estuaries are
further deprived of fresh water marsh destruction will aceclerate, As the marshes
are destroyed the productiveness of the estuanes declines, which poses a direct
threat to dependent fishery resources, both sport and commercial. Merely
dumping millions of acre-feet of water into the estuaries of Louisiana and Texas
might not work; the Plan does not provide for such an eventuality, or the
alternative decisions thal would be required.

Fortunately, the Texas Water Plan does not ignore the Texas estuaries. This is
much to the credit of the people who planned it, and it must be considered a
triumph of sorts. The Plan, however. does not go far enough. Piecemeal
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development by local inlerests of the water resources of many of the Stale’s
major vivers is now causing and will continue to cause severe degradation ol the
estuaries. Total planning and management of all of the State’s water resources is
essential if the estuaries are to survive. [ the Texas estuaries continue to be
altered, polluted, and deprived of tributary fresh water, the fishery resources
they harbor will be destroyed and the recreation they provide will be lost. The
Texas Water Development Roard is now restudying the Plan to improve it.
Hopefully, the revision will provide total planning to assure that the estuaries
receive suflicient high quality water.

CONCLUSION

The Texas Water Plan acknowledges thal many problems remain and must be
solved. Particularly, the Plan recognizes the need to learn more about the
estuaries and estuarine [resh water requirements.

T would like to quote from the Texas Water Plan Summary prepared by the
Texas Water Development Board, viz:

“The Board is aware of an impact from changes in volumes ol water from
streams entering the bays resulting from upstream reservoir development
and waler utilization, continually increasing return flows, and changing
conditions of surrounding land development on water quality in the bays
and estuaries along the Texas Gull Coast.

“The economic urgency for finding meaninglul solution to these
problems is demonstrated by the increasing value of commercial and sports
fishing in the esluarial environment, now estimated at more than $150
million annually, more than 99 percent of which is derived from the catch
of specics dependent on the estuarine environment at some point in their
life eycle. The related cconomic return to the State from Tourism
atiracted 1o the bay areas is estimated at $:300 million annually. All of this
can be lost Lo the State if some solution for preserving the ecology and
aesthetic quality of the bays is not found.”

1 believe the Texas Water Development Board has stated the problem very
well.

The State of Texas took a big step lorward this past year by establishing by
law an Interagency Natural Resources Council. The Council is charged with
developing a Comprehensive Coastal Resources Plan to provide for the
management and development of the human and natural resources of the
urbanizing Texas Gulf Coast Region. The Governor’s Olfice will provide program
coordination to mesh the aclivities of cight State agencies dealing with estuarine
activities into a single united effort through the Interagency Natural Resources

Council,
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Littimade v . it part ol the Texas Water Man wihieh would effeet the
estuaries nust he compatible with the Comprehensive Coastal Resourees Plan,
|lo|n-|'||”_\. the offort Texas s making to save its extuaries and coastal resourees

will T stieeessid.
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STRIPED BASS AND WATER
DEVELOPMENT IN THE
SACRAMENTO-SAN JOAQUIN
ESTUARY

Harold K. Chadwick

California Department of Fish and Game
Stockton, California

INTRODUCTION

Anadromous fisherics resources in California are  affected direetly by
ecological changes in rivers and estuarics as a result of water development. The
intent of this paper is to illustrate how waler development affects fishertes
resources in the Sacramento-San Joaquin estuary by deserihing the effect of
water development on ecological requirements of striped bass. Programs Lo
alleviate potential adverse effects are also discussed.

The discussion is limited to effects associated with water storage and
distribution. Effects of pollution, dredging and filling are important but are
excluded from the discussion.

Striped bass are strictly sport fish in California, now, and they support the
most valuable fishery in the Sac.amento-San Joaquin estuary. [t has been
predicted that the net economic v. "o of the sport fishery in 1970 will be about
7.5 million dollars (Altouney et al.. 19606),

Annual harvest rates during the past 10 years have varied from about 15 to 35
percent of the adult population (Chadwick, 1968 and unpublished data). This is
well within safe limits, so the primary resource maintenance problem s
environmenlal protection.

WATER DEVELOPMENT PROGRAMS

One major threat to suitable environmental conditions is water development,
Most of California is semi-arid or arid, and annual raimfall is much greater in the
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north than in the south. As a result, virtually all agricullure depends on
irrigation, and much water must be developed for municipal and industrial use,
as well. Reservoirs throughout the State store water for all uses, and waler is
commonly transported hundreds of miles from its point of origin to the place
where it is used. The vast water development projects constructed to supply
water needs have often affected ecological conditions drastically.

Portions of the two largest projects, the Federal Central Valley Project and
the State Water Project, are having a major impact on the Sacramento-San
Joaquin estuary. Both projects transport water from northern California to the
Sun Joaquin Valley, and the State project will also transporl water to the Los
Angeles-San Diego arca (Fig. 1).

The present operation of both projects consists basically of releasing stored
water down the Sacramento River, moving it by gravity flow across the
Sacramento-San Joaquin Delta, and pumping it into canals at the southwest
corner of the Delta, Because of this basic similarity, the effects of the two
projects cunnot be scparated.

The projects affect ecological conditions in the estuary in two basic wavs.
One is by the transport of large amounts of water across the Delta. This canses
higher than normal rates of flow in many Delta channels, causes water to move
in a net upstream direction in some channels, and causes the waler in the San
Joaquin portion of the Delta to be largely Sacramento rather than San Juagnin
wiler.

The second basic effect is to reduce and redistribute seasonally the water
flows out of the Delta toward the Pacific Ocean. Reduced outfllow increases
both retention lime in the system and intrusion of ocean salinity. Because of
flow redistribution, late summer minimum flows will be about the same or
slightly greater than historical flows. These minimum flows, however, will exist
for longer and longer periods as exports increase. Hence, maximum salinity
intrusion will be about the same, but the whole syslem will become more stable.

Both of these effcets are most important in the eastern portion of the
estuary, because tidat flows far exceed freshwater lows in the western estuary,
This gencralization may change 30 to 50 years from now, when waler
development programs reach the point where flows can be controlled year-round
in dry years.

Past and predicted future changes in water flows indicate the degree of
change which is occurring and the relative importance of upstream and export
development programs. The historic median Delta outflow was about 29 million
acre-feet annually. The present median outflow ix about 15 million acre-feet, and
this is expected to decrease Lo about 5.5 million acre-feet by 1990 (FWPCA,
1967). Current exports are about 3.7 million acre-feet annually, and they are
expected to increase 1o about 10 million acre-fect by 1990 (Kaiser Engineers,
1969). Thus, most past development is due to upstream use and diversion and to
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SELECTED FEATURES OF THE
WATER DEVELOPMENT PROGRAM IN CALIFORNIA
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COASTAL aputthiy

Figure 1. Map of the Sacraniento San foaquin Detta. Clifton €ourt Forebay, the pumping

plants and cxport canals near FTracy ure in operation, The Peripheral Canal is o schematic
representation of this proposed progect,
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use in Lthe Delta, while most futare development will be exports from the Delta

(Fig. 2).

BILOGICAL EFFECTS
Cross Delta Transport Problems

Striped bass vggs and larvae are pelagic. Millions of them are carnied to the
export pumps by the water flowing across the Delta and are pumped into the
canals (Fig. 3). With the present plan of operalion and increasing exports, over
50 pereent of the eggs and larvae could be lost in this way (Delta Fish and

Wildlife Protection Study, 1904).
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Figure 3

The intake canals 1o the pumps have lowver sereens which are reasonahly
elfective in removing fish large cnogh o swim well. However, about 10 1o 50
pereent of the bass 172 to 1-1/2 inehes long are still lost. To give an indication of
the magnitnde of this problem . an estimated 41 million bass, mostly less than 2
inches long, were saved at the Bur ol Reclamation sereens in 1966, Losses in
other vears have been smaller,

A second problem area associated withy cross Delta transport is a reduction in
eooplankton and  henthaos populations in Delta channels. Thewe reductions
presumably result from  dispersal of rooplankton and unlavorable bottom
conditions caused by the higls net flows.

A final area of coneern is pelated 1o the downstream migration of adults after
spawaing. The export canals are far from the major migration pathways. Small
munbers of adalt buss now find their way ta the trash racks across the canal
intakes and fight the current until they die of exhaustion. As the Mows toward
e pumps increase, we are coneerned that this loss may become serious, The
extent of this loss will depend on the importance of the direction of water flow
wgading migrations. Flis i~ ot known,

Reduced Flow

The Jocation of steiped diass spawning in the San Joaquin River is restricted to
A sl seetion, apparentiy primarity by salinity conditions, Bass seldom spawn
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farther downstream than where the salinity is about 600 ppm TDS. Above this,
salinities fall to about 150 to 200 ppm TDS because of Sacramento River waler
moving across the Delta, Upstream, salinity increases again in dry vears, because
of low quality waler coming down the San Joagquin River. Bass generally refuse to
conlinwe moving upstream bevond the point where salinity reaches about 350
ppm TDS (Radtke and Turner, 1967). Laboratory studies indicate no adverse
effects of salinity on egg survival up lo about 1,000 ppm TDS (Turner and
Fartey, Ms), so this is apparently a behavioral characteristic. 'robably, a larger
and larger percentage of the bass population has spawned in the Sacramento
River as San Joaquin River water quality has deteriorated. The spawning arca
would presumably be reduced further by comtinued reductions in flow,

A second problem area related to flows through the Delta is that from 1959
through 1968 the number of young bass surviving in midsummer has been
dircctly correlated with water flows (Turner and Chadwick, Ms). The correlation
coefficient is 0.95 for the relationship between the number of bass surviving
when their mean length is 1.5 inches and the mean June-July outflow from the
Delta. While this high correlation coefficient obviously indicates that some
parameter related to flow is controlling survival, we cannot identily  this
parameter. The relationship is so striking though that it has probably created
more concern than any other factor, Hence, T will review some of the possible
mechanisms.

This relationship may reflect losses in water diversions from the Delta,
because a higher percentage of water is diverted when flows are low. The
correlation coclficient for the relationship between the percentage of inflowing
water diverted and bass survival is about the same as the outflow-survival
correlation. However, fish distribution patterns we have observed carly in some
seasons indicate that this is probably not the primary mechanism,

The other potential mechanisms which have been identified all involve direct
effects of flows on the Delta environment. The most obvious potential
mechanism of this type is the effect of density on survival. In low flow years,
young bass occur farther upstream than they do in high {low vears (Chadwick,
1964). Because water volume decreases rapidly as one proceeds upstream,
density-dependent mortality could cause lower survival. However, density in the
central portion of the bass’ range is greatest when flows are high, indicating that
this is not an important factor,

A second potential mechanism is food production. Recent inflormation on
zooplankton standing crops in the Sacramenlo-San Joaguin estuary indicales
that they are negatively related to water flows. While this negative relationship
may reflect the cffects of grazing by young bass rather than differences in
production, relationships between zooplankton abundance and net flows and
nutrients within the Delta (Tumer, 1966) make this improbable. Hence,
zooplankton production is unlikely to explain bass survival.
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A more probable food supply relationship concerns the opossum shrimp,
Neomysis awatschensis. The evidence indicating this is thal Neomysis distribu-
tion largely coincides with that of young bass, and the slomachs of laryal bass
contain more shrimp in high flow years than in low flow years (Stevens,
unpublished data).

Another lactor which may be involved in the relationship is thal bass spawn
luter when water flows are high than they do when flows are low. Fhis appears
to be quite significant hecause in all years when we have measured sarvival of
larval hass during the spring, survival has been poor until late spring (Stevens,
unpublished data). This could be another indication that food is important since
invertebrate food supplies generally increase during the spring.

At any rate, the combined effects of spawning time and Neomysis abundance
appear to be the most promising explanations at the moment for the
flow-survival relationship.

An important consideration regarding the potential importance of the
relationship controlling the survival ol young bass is that the recruitment of
adults to the population may not be directly related to the carly survival of
young. While evidence relative to this is very inadequate, the available evidence
suggests that recruitment of year classes from the early 1960% was in fact not
related to early survival.

A final problem related to reduced flows is that they may cause reduced
turbidity in the future on occasions when minimum flows oceur for a long thne
(Krone, 1966). This is of concern for several reasons. First, light penetration into
the water is the primary factor limiting algal growth now, and nutricnt
concentrations are relatively high, so a potential exists for excessive algae
blooms. This could, of course, lead to oxygen depletion. In addition, turhidity
probably provides the primary shelter for young fish now, und light limits the
distribution of Neomysis, the primary food of young bass and many other fishes,
so that reduced turbidity may decrease young fish survival.

THE PROPOSED SOLUTION

A possible solution would be to eliminate water exports, and thereby provide
sufficient outflow. Considering the 18-year history of water exports, the degree
of present construction programs and contract commitments, and water needs, 1
believe this solution is politically impossible.

If export is to continue, an element of an acceplable solution must be the
elimination of cross Delta flows, since many detrimentat effects are associaled
with them. This could be accomplished either by additional levee construction
to isolale a pathway of natural Delta channels from the remaining channels or by
extending the exporl canals around the Delta, so that the point of diversion is on
the Sacramento River above the Delta,
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The latter approach s preferable. from a biological standpomt, bBevase it
avoids eliminating a significant portion of the present Delta, and because 1t
orovides an opportunity (o control flows more efficiently . This premise has been
accepted by biologists and cogineers and has been termed the Peripheral Canal
coneept (Fig. 1.

The canal would not solve all problems. Young fish migrating down the
Sacramento River must be protected from diversion, and cnouglt water must be
released to solve the problems associated with water flows. No solution has been
assured yet for these requirements, but solutions compatible with the Peripheral
Canal coneept are available, Formulation of administrative provedures which will
establish the basis Tor the solution of these remaining problems is a top priority
task of the agencies involved. Current hearings belore the State Water Resourees
Control Board. and the Federal authorizing legislation, should provide the
necessary administrative framework.

The State has authority to construct the canall bat Congress has not
authorized ederal participation. Progress toward congressional authorization
has been hindered by strong opposilion to canal construction hy various local
groups. Hence, it is entirely possible that the canal may never be built. In this
event, a biologically unsatisfactory solution to water supply problems would
probably be impleinented by default.

The present status of the program has several aspects of general anterest.
From the biological standpoint. a ecritical review of the problems identified
indicates that none necessarily causes a reduction in fishable populations. For
example, no one knows how imporiant the loss of some spawning arca or the
diversion of many eggs and larvae is (o striped bass. Ina fish as prolific ax striped
bass, substantial losses of this type might well not alfeet adult abundancee,

Such uncertainties make both the detriments of the present situation and the
benefits of the Peripheral Canal subjeet to question from the biological
standpoint. Yet, considering the number of potentially adverse conditions, the
tikelihood of detriment is probably great, Gertainly. past management actions
have often been based on less complete understanding. and 1 believe that most
conservation agencies would not hesitate to use aieh evidence 1o justify
management actions,

Nevertheless, these uncertaintios contribute o the controversies over justifica-
tion for the canal and implementation of management actions Lo solyve problems
the canal does not solve automatically. AU present, mosl grougs aceept the
biological justification for the canal but disagree over those pertaining 1o canal
operations or, in other words, to those concerning amounts of water allowed to
flow through the Detla.

The California Departiment of Fish and Game wants the water agencies Lo
meet a sel of tentative Mow conditions whenever this can be done at little cost.
More importantly, however, we believe that continuing studies are imperative,
with the intention that (irm criteria be established as soon as need is clearly
demonstrated. I believe the foregoing is clearly the most reasonable course of
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Figure 4

action, provided that an administeative framework can be eatablished 10 assure a
high ||rnimlai|il) ot taking adeqguate corrective aclion, Important consulerations
i this judgment are: a) no drastic changes in Hows will occur in the immediate
talure, b) irreversilile hiological CORSEQREnees appear extremely unlihely, «)
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most management options prior to canal construction are unlikelv to be very
effective, and d) the degree of uncertainty in the biological relationships.

As might be anticipated, this position has placed us squarely in the middle,
Many in the development agencies consider our position to be reasonable, but
the tentative requirements we have identified have caused considerable concern
about their potential impact on water supply commitments. Also, the developers
are concerned about the use and misuse of information we have developed by
oppournts lo development.

Much opposition to the program as a whole and also to the Peripheral Canal
has been based on ecological considerations supported by our findings. Many
conservationists are members of the opposilion, because they question whether
the canal will be operated in a manner compatible with biological requirements.
Some past actions by water development agencies and the lack of a clear
administrative framework for solving problems encourage this attitude. Many of
these conservationists consider our position to be either naive or subservient 1o
the water developers.

A real dilemma is thal constructive opposition will help assure adequate
considerations (or biological needs and may, in fact, be necessary to get such
considerations. Yet, such opposition could casily get out of control and e used
by others with different political motivations to prevent canal construction. This
would resull in continued degradation of the system by increased exports.

The Department of Fish and Game’s present position has obvious inherent
dangers. Essentially. the position is based on the premises that mutually
acceptable solutions are available and that all parties concerned will act in good
faith in trying to implement such solutions. Its success depends on biologists and
engineers recognizing and solving problems facing both groups. We arc
encouraged in this approach by generally being able Lo communicate effectively
with many engineers in our Water Resources Department while seeking mutually
acceptable solutions. Important failures still oceur in our dealings with Water
Resources and other agencies: however, 1 submit that this is the most responsible
and rational course for reaching acceptable solutions Lo tesouree problems.

Hopefully, the present concern over environmental deterioration will create a
climate more conducive to this approach. One ingredient essential 10 success will
probably always be an informed and interested public reyviewing management
proposals and decisions. This, of course, is an important role for the public

groups participating in this conference,
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CLOSING REMARKS BY
SESSION CHAIRMAN

Richard A. Geyer

Dre. Cronin’s definition of an estuary is much more concise than the one |
suggested at the outset of this session. The fact that almost a thousand estuaries
have been identified along the 1.8. Coast is indicalive of the myriad of natural
complexities associated with the origin and characteristics of these coastal
phenomena. Therefore, it is not surprising to find them affected to varying
degrees by the activities of man, as well as their affecting him over a wide
spectrum of scientific, technologic, industrial, political, legal, economic, and
sociological activities. He has also emphasized the tenuous state of the natural
equilibrium in which the ecosystem exists in estuaries and how deleterious many
of the effects of man’s aclivities can be in maintaining this precarious balance.
The eight basic characteristics of the ecosystem of estuaries which he listed
represent the major common-denominator factors that must be considered in
studying specific estuaries wherever they might exist.

Mr. Chapman’s paper dramatically highlights the critical problems occurring
from the intense competition for natural resources. This is brought about by the
ever-increasing  economic and sociologic demands caused by a burgeoning
population. Not only would the important Texas Water Plan have a direct,
perhaps irreversible, effect on some portions of the estuaries; the indireet effects
on those arcas must also be considered. These result from what might be called
the by-products of the expected major increase in population in Texas, in the
form of industrial and human waste disposal and the simultaneous need for more
coastal recreational and living areas. Here again, wise objective and cooperative
rescarch and planning on the part of scientific and regulatory agencies at all
government levels, including Federal, State and municipal, discussed in some
detail in my opening remarks, are imperative if viable solutions are to be achieved.
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The nceds and demands of all the prople, those living inland as well as those
living on the coast and in interstate as well as intrastate areas, must all be
considered in reaching decisions resulting in an cquitable solution for all
segments of our society,

It is encouraging from Mr. Chadwick s talk, in some ways, to see that Texas is
not the only State requiring extensive long-range water development plans to be
able to cope cffectively with its future population needs. Also, Mr. Chadwick
was able to demonstrate specifically and quantitatively some of the actual
hydrologic, biclogic, and geologic effects resulting from the proposed changes.
The data presented, for example, on the effects of increasing salinity on the
migration patterns and mortality of striped bass are particularly significant. They
represent the type of specifie seientific information required on which objective
regulatory measures can be based and adopted. They demonstrate the need for
surveys of this type as well as calibration, inventory and monitoring varicties;
only then can sound Coastal Zone Management decisions and predictions be
made--on the basis of facts rather than intentions, subjective analysis or, worst
of all, emotional reactions only. Unfortunately, the latter criterion is used much
too often in the promulgation of decisions pertaining to conservation practices
and subsequent regulatory action,

Communication, coordination, cooperation—these three C's constitute the
cornerstone on which certain segments of our society such as science, industry,
government, and citizens must build to attain a viable solutjon to the multi-user
problems involved in equitable and effective Coastal Zone Management. We
stand on the theeshold of decision. Procrastination s no fonger either profit-
able or possible, These problems must be solved soon o Society as we know it
today will not even continue to extst, much less flounsh.
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James E. Sykes

Bureau of Commercial Fisheries, Biological Laboratory

St. Petersburg, Florida 33701

Il we think back over a 20-year period, we can probably recall several
biological research programs centered in estuaries of the United States coasts
two decades ago. Those among us who do remember these early efforts are
aware that they were primarily species-oriented and provided little accompany-
ing information useful in protecting or managing the environment. At that time
there seemed to be no great fear that the environment was deteriorating.

As the 1950°s wore on, there were pleas from professionals that something be
done to protect the Nation’s estuaries from [urther industrialization and
pollution—but, to the best of my memory, very litthe was done. The biologist’s
voice was too weak to be heard; funds were not appropriated; and research
designed to show how the estuary could best serve humanity did not come
about,

More can be said about coastal environmental rescarch of the 60’s than about
that of the 50°s. Those later years were characterized by some progress in
rescarch, some progress in management, considerable competition between
agencies in quest of funds—-and very little funding. Nevertheless, courses seem to
have been charted that will have an impact on coaslal resources in the future.

By way of progress in the 60’s, there occurred the first Congressional
appropriation to a Federal agency that bore the label, Estuarine Research Funds.
The appropriation occurred after some 6 to 8 years of effort spent in seeking it.
I recall this well, beecause our BCF (Burean of Commercial Fisheries) Laboratory
in Florida was given access to one-half of those funds and has been supported by
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them ever since, They were among the first funds to produce results that went to
court. The findings were used frequently in public hearings and legislative
hearings concerning estuarine modification, Moreover, they were responsible for
winning several cases for conservation. The most prominent court action was the
Zabel-Russeli case in Florida in which the Corps of Engineers, for the first time.
denied a dredge-fill permit on the basis of fish and wildlife values.! These values
were documented and supplied by research biologists.

Then, some progress in other funding has been noted, for example, in Federal
grant-in-aid programs or P.L. 88-309 matching funds for fisheries. These are
pulting $1.8 million annually into rescarch and development in south Atlantic
and Gult estuaries. A significant outgrowth of that funding has been the Guif of
Mexico Cooperative Estuarine Inventory. This was sponsored by the Gulf States
Marine Fisheries Commission, operated cooperatively by the Gulf States and the
Bureau of Commercial Fishenies, and funded under P.L. 88-309. It began
producing a multistate base line of estuarine information—descriptive, sedi-
mentological, hydrological, and biological. Atlases resulting from this study are
now in preparation for each State involved.

Although it is possible to idenlify some funds appropriated for research and
munagement in the 00’s, it was pitifully small progress in relation to the needs.
Perhaps there were several reasons: space programs, the war, inappropriate
political timing, ete. [t would be unlair, however, if government agencies did not
aceept some of the blame, themselves. Research and conservation agencies have
not planned together except in a few instances. Many programs have been
initiated by separate agencies without regard to plans or existing activitics of
others. Scienlists, Leachers, and administrators have shifted their allegiance,
alternately, from oceanography to coastal ecology, depending upon the direction
of political winds, Now, most attention has been redirected to the coast where
the aclion seems to be.

It appears that a great amount of emphasis will be placed upon pollution
problems in the 70 and it is indicated, at this carly point in the decade, that
moxt funds for coastal research and management may be stimulated through
concern over pollution. 1 cannot much quarrel with that approach because
pollation is one of the serious threats to the coastal environment. I am inelined
to cauntion, however: (1) that there are other serious threats to the environment:
(2) Wt through genuine cooperation and coordination, such as I have observed
hetween ageneies: working on the Gulf of Mexico Estuarine Inventory, I am
posiative that an inter-ageney approach to mutual problems draws more support,
and cesults ina finer product, than a single-agency approach; and (3) if we are to
preserve amajor portion of the coast, our investigations must be largely
mission-oriented.

"Editor's Note: This xignificant case was carried in subsequent actions to the U.S. Court
of Appeals, where the principle involved and related action in denial of permit was upheld.
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I am also inclined to voice an impression that pollution problems, although
fearsome in our environment, should be thought of and worked with in the
proper perspective. Some of us devote mosl of our time o research and
managemenl of natural products of the coastal zone—fish: those types found in
food chains, those offering protein for the human diet, and those providing
recreation. In the 70, it would be advantageous to plan together in accordance
with an outline of agency responsibility—considering that fishery organizations
should conduct studies on the effects of pollution on fish, shellfish, and their
food organisms; considering that pollution agencies should conduct studies on
the effect of pollution on human health and on esthetic qualitics of the
environment.

The speakers in this afternoon’s session are in a position to provide us with
considerable insight into the biological significance of estuaries and some of the
serious problems that we face in maintaining their productivity, These three
gentlemen know more about estuaries than most; they share a combined wealth
of experience in research, research administration, and teaching. If we can heed
the type of guidance that these three can offer, we shall be able to manage most
estuarine problems that confront us in the foreseeable future.
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David H. Wallace

Division of Marine & Coastal Resources, New York Conservation Department
Ronkonkoma, New York 11779

A confrontation ix taking place in the waters of the Middle A tantic area, This
confrontation is the impact of man’s activities and actions on the estuarine
walers. Some 17 million people live in and around New York City, adjacent to
the shores of hays and rivers. The interface between man and the marine waters
i at the shoreline. The coastal environment has been losing as man’s uses of the
waters have inereased. An informed aud aroused public wants an all-out effort
toward poltution abatement and control. However, the tasks of mecting lile
needs and, at the same time, preserving the marine waters so that they can
remain productive for food wd  recreation are appallingly  complex. For
example, over danillion cubic vards of sewage studge and other solid wastes are
discharged annually in the New York Bight. EfMluents from sewage plants
amount o over 2 hillion gallons of primary and secondary wastes charged with
nitrates, phosphates, and fecal type bacteria. Control of these conditions is nol
i sight without massive injeetions of money and man's energy. Aned vet we must
solve these problems quickly | if our marine walers are 1o remain saitable for use
I nuan,

New York has tahen some major steps to meet this challenge, A boml issue of
FL7 billion was sponsored by the Governor and overwhelmingly approved by
the voters in 1965 as the foundation of a Pure Waters Program. Subsequent large
appropriations have been passed to aceelerate pollution abatement, but it is
doubtfid that even these amonnts are sulficient 1o do the job. In some ways,
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New York has become a testing growmd. The lessons learned here may be helpful
i other areas where current condilions are not so acule,

Pollution Trom sewage and chemicals and physical abterations of our marine
envicontent are, in my opinion, the greatest threats to our coastal waters. For
many vears. the receplacle for wastes was the nearest stream or luke, As man
observed  the disastrous effects of these actions, he turned his eves to the
cstuaries and coastal waters. The capacity of these waters to absorb wastes
apprared unlimited. We know now that this conclision was erroneous. Drastic
steps are necessary Lo correct these errors,

POLLUTION AND SHELLFISH

The shellfish industry was one of the {irst marine industries to feel the
pressure from pollution. The natural habitat of ovsters is in estuarine waters
where the salinity ranges from 7 to 30 parts of salt per 1000 parts of water.
These conditions are found in the Jower estuaries and our cities have developed
in precisely these arcas. Before the turn of the century, one of the centers of the
oyster industry was in Raritan Bay, adjacent to New York CGity. As the
population grew and the waters became polluted, the oyster industry was foreed
to migrate casterly on Long Istand, This shift ol oyster cultivation away from
populated  centers has been repealed in Conneeticut, Rhode Island, Massa-
chusetls and New Jersey.

It is neeessary o know something of the life history of the oyster 1o
understand  the cause and effect relationship between pollution and shellfish.
Oysters reach sexual maturity in the Middle Atlantic area in most cazes in the
second or third year of their life, Ovsters spawn when the temperature of the
water reachies ahout T0°F in the summer. The eggs are shed into the water and
fertilization takes place there, The Jertilized egg develops into a free-swimming
larval stage. After lwo 1o three weeks, the Uny farval form must find a solid
object Tor attachment. Otherwise it sinks o the bottom and  dies. After
attachment, the oyster is sedentary unless moved by storms or by man, Sinee the
walers in the Middle Atlantic are relatively cold in winter, the period of growth
i only 8 to 9 months of the year. Some 4-5 years of growth are required (or the
oyster Lo reach a markelable size. On the other hand, in Gull waters, a
comparable size may be reached in 18 months,

Almost all of the oyster production in the Middle Atlantic resalts from
private cullivations on lands leased to individuals by the State (Fig. 1), These
practices have enabled the farmers 1o develop o high degree of skill in their
operations. Unfortunately, the shellfish farmers have no control over pollutants
which are placed i Lthe water, Ovster larvae are sensilive to pollutants,
Suceessinl ceproduction stops in polluted waters, Furthermore, since shellfish
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feed on the microscopic materials in the water, thev ingest the bacterial
contaminants in waters heavily laden with fecal bacteria. At this point, sach

shelifish become unsaitable for raw consumplion.

For the past 15 years, the oyster industry in the Middle Atlantic has been ala
low tevel of production (Fable 1), However, in New York, four commereial
hatcheries are now growing seed (Fig. 2). Oyslers already planted shonld boost

production substantially in the next several years.

Table 1. Production of Oysters in the Middle

Atlantic States From 196069 (in

Thousands of Pounds)
Year New York | New Jersey | Delaware Total
1960 R0 67 77 1,154
196} 784 1, 10%) g3 1.921
1962 728 1.55% 80 2,362
1963 194 5O 41 951
1961 213 (W1 45 1. 356
1965 200 523 34 57
360 177 095 45 917
1967 101 11 Y 1056
G 175 1,286 43 1,504
19649 213 1.OI5 51 1,279
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Figure 2

Hard clams are far more adjustable Lo cavironmental deterioration. They also
live in the lower estuarics. Strangely cnough, the larval stages bave proven o be
more  hardy than the young oysters. In Raritan Bay. which s heavily
conlaminated, hard clams still spawn and reproduce sneeessfully, Ovasters
disappeared from this area many years ago. hwventories indicate a standing harnd
clam population there of several million bushels. But this clam crop is a hazard
rather than an asset since these shellfish are unsafe to be caten raw. Intensive
policing is necessary 1o prevent these shellfish from being placed on the miarket.
Similar conditions exist in various locations in the Middle Atlantic States. Hard
clam production (Fig. 3) has risen greathy in New York over the past ten years
(Table 2). This increase has resulted from a series of excellent sets in several bays
along the south shore of Long Island.

The third shellfish species which has been of importance is the soft clam,
Production of this species in both New York and New Jersey has been at a low
level. The main center of soft clam production has shifted from the New
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England wnd Middle Atlantic arcas 10 the Chesapeake, Again. the probable canses
of this deeline have been pollution and physical changes in our estuaries.

IMPORTANCE OF WETLANDS

[ the Middle Adantic area. as elsewhere, estuaries are used for many
purposes other than shellfisheries, They senve as highwavs for commeree,

Table 2. Production of Hard Clams in the Middle
Atlantic Statex From 196069 (in

Thousands of Pounds)

Yeur New York New Jersey Delaware Total

1960 J.880 2.002 484 0.924
1961 4,201 1687 582 6.560
1962 4 B 1,344 378 6,354
1903 5811 1584 2H2 7.157
1964 5402 1.804 418 7.714
1965 5948 1 B7Y 363 8,184
1966 6,581 2675 204 9,520
1907 7.060 2,846 294 10,206
908 6,986 2.525 249 9,750
1969 70100 2,149 IR} 9.841
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Figure 4

recreational boating and swimming. and as sources of sand and gravel for many
purposcs. Channels must be dredged for shipping (Fig. 4). As people have tried
to move close to the estuaries to live, wetlands have been filled with sand
pumped from the bavs. Houses are often built on the filed wetlands, using
septic: systems for sewage disposal. These kinds of developments damage the
extuaries in at least three ways, First, they destroy the natural leeching processes
which add nutrients to the marine habitat. Wetlands are the food factories for
our estuaries. As the tides wash over them, the nutrients are released gradually
from these marshes to serve as the base for the food eyele in the water, As the
wetlands are filled and bulkheaded, these sources of nutrients are efiminated and
the productivity of the water is reduced. Secondly, the wetlands are usually
filled with sand and gravel from the bays and estuaries. In this sand mining, the
substrate necessary for the growth of shellfish is removed and the potential
production is reduced accordingly. Thirdly, the leeching of contaminants from
the seplic systems back into the estuaries raises the level of pollution and further
limits shettfish production.

Many scientists believe that the salt marshes (Fig. 5) in our coaslal bays and
tributaries are of eritical importance to the ecology of these waters. They believe
that these marshes must be preserved to maintain the basic productivity of these
estuaries. Losses of wetlands in the last 15 years have taken place most rapidly in

the urban and suburban areas adjacent to New York (Fig. 6). Since 1954, New
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York has tost about 30 pereent of its wetlands (Table 3). Thi has happened even

¥ (I i) . 3 1) . £l M ¥ Y ; ' .
though there ar Il}lmt rous enhightened public gronps working Lo help save these
marsh lands and adjacent underwater lands, The tide of destruction has turned in
the last few vears. ( onne ticul has ;mm.(l liaws @iy ing the State strong powers Lo
control wellands. Both New Jersey und Delaware have had aggressive acquisition
programs. fu New Y f)rk. the Long ldand Wetlands Act authorizes the State 1o
enter into ecooperative agreements with local government to presenve and
enhance wetlands.

Table 3. Extent of Coastal Wetlands in Middle Atlantic
and Adjacent States and Losses Since 1954

Total Estimated Aeres \
State Acreage Destroyed Fercent
1954 195448 Loss
Connecticut 14,744 3.200 21.7
New York 45,395 13,000 28.0
New Jersey 241,060 25.300 11.5
Delaware 114,048 1.600 1.0
Maryland 204,060 200200 1

YFrom Spinner, George P.. A Plan for the Marine Resourees
of the Atlantic Coastal Zoue,” Am. Grog. Soc., 1969,

Under this program, some 10000 ol the remaining 32000 acres are
protected. Another 2,500 acres of wetlands are owned outright by the State or
local movernment and are protecled from destruction. Substantial acreages o
New York are still privately owned and scem actually to hechon to the
developer. Land Tor houses adjacent to the water i~ atachigh premum, sinee sery
litthe remains.

The irony of Lhis kind of development is that i uitiniately destros s the very
things that people are sechimg as they s to move Trom the cities 1o the
scashores to enjoy the good things in life.

In New York. there scems (o be only one solution to this problem. The
private wellands can only - be preserverd lor Tutare generations through
acquisition by some level of government.

Large arcas of npstate New York have been el aside as (orest preseryes and
indefinitely by the State ronsttution. Preserves to prolect the

we prolected
muslt he lll'\l"n]w:l

wetlands and this (o maintain the integrity of the wetlands

as soon as possible,

THE FUTURE COURSE

The lashion today i almost eversthing being done by govermment i

planning. Everyane is for planming. But planning can be a trapan the Tast-moving
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Figure 7

world of today. Our Middle Atlantic estuaries could become putrid deserts il we
awal for the nest five vears the results of studies as the basis (or plans.

IC seems o me that asaler course is 1o develop legidtation which permits
government to control diceetly the factors which deteriorate the estuarine
ensironment while the studies as a basis for plaming are being carried out. In
thix way, we may avold arriving at the conelusions of the studies too late to
eftect o cure,

Eheliesve that we will act aggressively and suceessfully in the Middle Athantic
Ntates to aceamplish this goal. New York hax combined air and water pollution,
soliel waste disposal, prsticides contro, and all resource management inlo a new
Department of Emvirommnental Conservation. New Jersev and Delaware have also
restructured their programs to cmphasize environmental proteetion andd preserv-
o, With this concerted emphasis on the environment, the estuaries will get a
tagor share of the altention,

Along with the probloms of sewage and industrial pullution, wetlands
prosecvabion, alredging for Gl cbe, there are numerous other deselopments
which will alteet the extuaries, Policies 1o contro! the heated water elfluen s
from power plants must be developed. Aleeady | atomic power plants are being
constencted using Uie waters from our estuaries for cooling purposes (Fig, 7). As
the  popnlation prows oven faster, pressures {or more and smore of  these

developments geosw. New York has acted to establish rigid eritema for its coaslal
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waters regarding heated water effluents from power plants. All States, who have
not already done so, should act promptly to deal effectively with this problem.

Our youth today are concerned about the state of the world and the
environment. And well they should be along with the rest of us. We must
dedicate ourselves to preserve our habitat so that il remains compatible to man’s

needs.



THE EFFECTS OF POLLUTION
ON ESTUARIES OF THE
NORTHWEST PACIFIC COAST

Ernest 0. Salo and Quentin . Stober

Fisheries Research Institute, University of Washington,
Seattle, Wash ingtan 98105

The people of the Pacific Northwest are becoming aware of the infallibility of
the Liaw ol the Conservation of Mass, which provides that the annual tonnage of
discarded waste materials is exactly cqual 1o the tonnage of natural materials--
vegetable, mineral, and arimal  taken from the environent (Dales, 1968), The
theee carolliries 1o this law are also evident, First, in a “progeessing™ cullure,
muaterial is notonly produced locally but is also imporled: henee, the discard is
greater than the local production. Second, the more complex the society, the
more complex the web of conrumption, Finally, the more comples the web of
consutmplion, the greater the wastage, Small pachages of crachers and catsup are
served after being unpacked Trom slightly larger packages, which were stored in
barger packages after being shipped in still larger packages, and so almost ad
bt fienitum,

Within the past days, we in the Pacifie Northwest have created various State
covironmental commissions and councils, meluding & Nudear Siting Evaluation
Connwil. Also, we have considered  several forms of seashore management
begaslation bt ite utlimate design has not been determined. Pollution in the
Northwest is anly mfrequently & public heattls problem but, as Mr. Walluee
postted out it is a social problem and must be treated a~ such,

ESTUARIES OF THE COAST

Ve Pacifie Northwest, with the exeeption ol the mouth of the Columbia
Ky eor anid Puget Sound. s remarhablh poor in estuaries: therefore, the ones we
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do have Coos Bav. Willapa Harbor, Grays Harbor and Port Angeles Harbor-are
well developed as shipping points and ports.of-call with their accompanying
industries, principally those associated with lumber and pulp and paper. These
industries, although fairly severe polluters in the past, are in the process of
miplementing measures in order to meet the fairly new (1967-68) state
standards. The latter, in turn, have been approved by the appropriate Federal
agencies, as provided by the Federal Water Pollution Control A ct. This Act says,
it essence, that cither each State shall set its own waler quality standards and
have them approved by the Federal agency, or the Federy] areney will set the
standards (Anon., 1967).

From south to north, the areas of major umportance are:

Toleda, Oregon—Georgia Pacific Corporation operates a Kraft process mill at
Toledo, near Newport. The effluent is piped nine miles across land and 3,000
feet into the ocean. Oregon State University (J. Carter, Oregon Sanitary
Autheority, personal communication) conducted studies of the outfall area
and found small amounts of fiber, but generally no real problem.

Columbia River—On February 2, 1970, another nuclear reactor of the original
complex of nine at Hanford was shut down, and only one was left in
operalion. At one time, as many as 1,000 curies per day, of the 2,000 curies
of radionuclides discharged into the river at Hanford, reached the estuary and
the ocean (A. J. Seymour, University of Washington, personal communica-
tion). Some of these nuclides were picked up and concentrated by marine
organisms 10 the extent that a relationship exists between the decline in
radioactivity of some marine organisms and the schedule of shutdown of the
reactors. Salmon wsing the Columbia plume as a habitat picked up the
radioactivity and carried it in detectable levels at the time of capture in the
northern California area (Kujala, et al., 1967),

Grays Harbor—Rayonier operates a sodium base paper plant and Wey erhauser
operates a magnesiam base paper plant in Grays Harbor, These particular
processes are nol involved in the Federal action. At times. particularly during
low flow periods, it is felt that a significant pollution problem exists. Salmon
planted low in the estuary consistently have shown higher survival rates than
salmon planted in the watersheds of the estuaries. The direet offects of
pollution and the interaction of predation have not been separaled.

The latest of the problems 1o affect estuaries in the Northwest is thal of
landfill and development. Such has been proposed on a fairly large scale for
Grays Harbor, Besides the usual Joss of waterfowl habitat and nursery area lor
marine fishes, the effects of the loss of a transition area for the anadromous
salmon and trout is not known. A major salmon-producing river enters into
Grays Harbor in the area of the proposed fill, and undoubtedly the salmen
and trout runs in the area are adapted 10 an existence that requires an estuary
in their life history.
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Port Angeles. The Crown Zellerbach plant at Port Angeles nses a kralt
process which does not have the disposal problems of the aul{ite PrOeess,
Corrective measures, meluding primary treatment, submarine outfali. and the
removal of  dudge deposits, are being considered v the other plants
iberhoard and Rayonier, Ine. of Port Angeles): however, the stages of
negotutions are not hiown o us,

PUGET SOUND AS AN ESTUARY
Puget Sound Pulp Mills

The contraversy ivolying the Puget Sound pulp mills (Fig. 1) is a long and
fntter one. bt one whicly i apparently going o end in g quile satisfaclory
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. 1 oo Tive s 0 )
conelusion. Past studies have shows that ~ulfite pulp-mill wistes are harml in
~everil wavs (Anon. 19670y

Lo Fhey may be injurions to juvenile salmon while mugzrating through harbory.,
ax indicated by live hox studies.

<. They may suppress phytoplankion activity in the harbor.

3. They mav cause direct danage to ovster larvae.

4. They may inflict direct damage to the eggs of the English ol

5. The sludge deposits are detrimental to bottom organisms: they degrade the

wiilers and make them esthetically unallractive,

Suggested corrective measures inelude:
o Primary trealment of sladge by removal of settleable solids.

2. Removal of 80 percent of the sulfite waste liguror from the mill efluents,

3. When applicable, the disposal and diffusion of residual wastes into deeper

walees by means of submarine outfalls,

. Removal of sludge beds by dredging.

5. Modification of the unloading of the barges of wood chips,

The pulp and paper mills i Beilinghan Bay, Anacortes and Fyerett Bay
including Georgia Pacific Corp., Seott Paper Co., the Weverhauser Corp., and
the Simpson Lee Co., are in various stages of complyving with the regulations,
although some negotiations are still going on. The details of these complex
problems are still being negotiated but we may assume that the problems
associated with pulp mills will be defined, clarified, and solved,

Puget Sound is cither one targe extnary with three or four nLjor parts, or a
system of estuaries operating undee the influence of one Gdal mechanisemn and al
least eight rivers of consequence. The basin drains some §O00 s(uare nautical
miles, with Puget Sound proper covering about 767 square nautical miles. The
Sound bas many inlets and channels, but can be divided inte four major
areas  the main basin, or Northern Puget Sound. extendivg from Adwmiralty Inket
lo the Tacoma Narrows: southern Paget Sound, from the Tacoma Narrows
southward: Hood Canal and Dabob Bav, a narrow western finger ol the Sound
extending southward from Admiralty Tubet: and a series of watersay = to (he east

of Whidbey Island.

Other Pollutants of Puget Sound

Four major types of wastes affeet water quality in Puget Sound:

). Wasles originating from the watersheds of the rivers that drain into Puget
Sound.
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Figure 2

2. Domestic wastes, treated or un treated.

3. Wastes discharged from commercial and recreational shipping.

4. Wastes from industrial lirms (such as the pulp millsy located on the banks
of the Sound.

Data on waste production have bheen obtained by multiplying regional
cconomic forecasts by coefficients of waste per unit ol production. These
coellicients of waste production were developed for most of the important
waste dischargers in the State of Washington, and the waste production for
future years by area was then derived from the regional economic forecasts. The
preliminary cesults of these analyses are now available for all of the mMajor rivers
emptying into Puget Sound.

The methods that haye been developed for management of coastal waters and
the “open waters™ of Puget Sonnd are not applicable 10 smaller estuaries. The
approaches used (o define waste assimilation capacity and danger points is much
more difficult to apply in the estuarine environment. Fstimates have been made
for Puget Sound as a whole and also for the major arms of Puget Sound, but
many fragile embayments and river mouths are ncluded in these larger areas,

The Pacific Northwest is rapidly approaching the point where rising demands
for power must be met from thermal plants. Power demands indicate a market
for non-hydroelectrie power sources thal is expected to require plants of
approximately 1,000 megawaty vapacity Lo be added cach year in the Pacific
Northwest over a period of at deast 30 vears, slarting in the late 1970%, Siting
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requires a lead time of at least 10 years. Thus, the first plants are being sited
now. Locations under various stages of consideration include Cherry Point.
Kiket Island (Fig. 2), Samish Island, Roosevelt Beach on the coast, and Dequim
Bay on the (Hympic Peninsula (Fig. 3).

The problem of finding a suitable site and obtaining permission to operate a
thermal station is still a complicated one. Ln the case of a nuelear unit, there are
many Federal restrictions that must be met, primarily  those of the Atomie
Encrgy Commission, and they narrow down its location to a considerable degree,
These requirements are concerned with nearness o present or projected load
centers, the configurations of land and the abundanee ol vooling water, and the
matching of the site Lo the reactorssite criteria established by the AEC (Title 10,
Code of Federal Regulations, Part 100). Proper consideration must also be
accorded such factors as lovation and density of population. and geophysical
(primarily scismic) and meteorological conditions,

At first screeming, the polential areas for phnt location are chosen by the
general cniteria of nearness 1o population centers, available water, and general
seismic zones, Specific site location demands much closer serutiny involving
borings, drillings. studies of seasonal water eurrents, and the establishment of an
on-site meteorological station. Unfortunately, these detailed studies are usually
not feasible until after the utility company either has purchased the property or
has announced its intention to build,
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Almaost withont fail, the fullillment of all of the physical ecriteria places the
plant i cither an esthetically  pleasing area or one utilized by valuable
commercial and  recreational species of fish and shelllish, or both, Thus, the
trermal plant becomes part of the lacal environmental ccalogy and will change
it Not all chanpes need 1o be detrimental, however, and the degree of change
cat be controlled to a large extent by due consideration of the biological factors
1 its design and operation (Nalo, 190%).

[ntensive studies of the Kiket Esland site are under way by the Fisheries
Rescarch Institute and  the Departinent  of Oceanography University of
Washington.

The Fisheries Research Institate has completed a threesy ear study on the
Duwamish Fxtuary, which exists in the most heavily industrialized area of



The Effects of Pollution On Estuaries

93

Figure 6
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Figure 7

Seattle (Salo, Ms: Miller, o1 ol 1967). The Municipabity of Metropolitan Scattle
(METROY was especially ereated 1o solve the sewage problems of the Seattle
esluanies, as well as to halt the cutrophication of adjacent Lake Washington,
During the past year. 95 percent of the antreated sewagre has been diverted from
the Duwamish River 1o & primary treatment plant,

Extensive damage has resnlted to estuaries from land mismanagrement (Figs, 4
and 5), bul some of these occurrences are so commonplace that they are
regarded as part of the seasonal ceology inmany areas. Regulatory agencies and
public opinion have heen concentrating on the more obviously eritical problem
ol industrial and domestic wastes (Fig. 0), so that many of the smaller but
dangeronsly cumulative everyday influences have been overlooked,

Over the long run, the greatest threat 1o oplimal use of the Poget Sound
system s ol posed by diveet elfects of industrial and municipal discharges of
wasle on water gquabity. On the contrary | it i posed by failure 1o identify and
eviluate estuarine ellects of land use, not enly on the waterfront, but upstream.
Al of the important fish and shellfish resources of Puget Sound are vulnerable to
thi~ kind of careliss deyelopment, Sabmon., steclhead trout, and cutthroat trout
require extensive systems of small feeder <treams that are heing = stematically
destroved (Fig. 7)) by itproperly regulated land vse far away (rom Puget Sound
el DvRing and cliaoel altertion, destened to improve the CAFTY RN capacily
of rivers and Lo alleviate Hood damages. nun have serious adverse effects on {ish
spaw it oul resting arcas. Althongh such cffeels are supposed to be assessed, in

the conrse of review v Hie Bepartinent of Fisheries, it is oy with the utmost
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vigilanee that the Department can be sure that all instances are brought to its
attention (Crutehfield, et al,, 1969).

IN SUMMARY

The large problems of industrial and domestic pollution appear 10 be under
control; however, the piece-meal destruction of the small estuaries conlinues.
The principal offenders are municipal and port expansion, real estate developers,,
individual home owners that demand flood control, and protection {rom wave
action. Of utmost importance are the changes brought about in the watersheds.
The occan in the Pacific Northwest is still a tremendous {usher and can
assimilate considerable abuse. Nevertheless, the shoreline and the estuary arc
delicate and vulnerable and are being encroached upon steadily. Thus, it is
entirely possible that Puget Sound can remain relatively cool and clean—with
rigid, vertically-cut, rip-rapped banks—and be surrounded entirely by Municipali-
ties and housing developments of doubtful esthetic and social fates (slums}.
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THE SIGNIFICANCE OF AN
ESTUARY ON THE BIOLOGY
OF AQUATIC ORGANISMS
OF THE MIDDLE ATLANTIC
REGION

William: H. Massmann

U.S. Bureau of Sport Fisheries and Wildlife,
Washington, D.C.

The mid-Atlantic coast - the streteh from Cape Code to Cape Hatteras—
includes o multitude of extuaries, among which are the lower reaches of the
Connectient, Hudson, and Delaware Rivers, Long lsland Sound, Narragansett
Bay (Rhode Istand), Great South Bay (New York), Bamegat Bay (New Jersey),
Assateague and Chincoteague bays (Marvland and Virginia), and the Pamlico-
Currituck-Albemarle Sound system (North Carolina), The largest, most varied
and most important estuary for aquatic organisms in the mid-A thantic coastal
area is the Chesapeake Bay . Therefore, this is the estuary that | shall use as an
example in this discussion. Further. | am more familiar with the Chesapeake,
having worked there for about 15 years,

CHESAPEAKE ESTUARY

The Chesapeahe Bay i 195 miles long and varies in width from 3.5 10 35
miles. 1 inchudes 2.816,000 acres, Maximum water depth is 175 feet and mean
depth of the estuany is 21 feet (Wolman, 1968). The major tributary is the
Susqquchanna River which cnpties into the north end of the Bay and contributes
over one-half of the total freshwater inflow. The Bay itself is the drowned
downstream part of the Susquehanna River valley which was inundated some
10000 vears ago by a rise in sea level, Other major tributaries include the
Patuxent, Potomac, Rappaliannock, York, aud James rivers, Approximately 150

26
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additional rivers and ereeks flow into the Bay. The watershed drained by
Chesapeahe Bay tributaries covers 64,900 square miles in the States of New
York, Pennsylvania. West Virginia, Delaware, Maryland, and Virginia.

Salinities range from near 30 parts per thousand (ocean salinity is 35 parts per
thousand) in bottom waters at the mouth of the Bay to fresh water at the head
of the Bay and in tributaries downriver from or at the head of the tide. Tidal
range is about 3 feet at the mouth of the Bay with tidal currents of up to 3
knots,

Superimposed on the tidal currents is a non-tidal circulation pattern
characterized by a scaward flow in the upper layers of the estuary and a flow
directed up the estuary in the bottom layers (Pritchard, 1968). The non-tidal
flow, generally only about one-fifth the magnitude of the tidal current,
accelerates when freshwater runoff is high and becomes weaker during periods of
drought (Norcross and Stanley, 1967). At times this inflowing bottom current is
detectable as far as 35 miles offshore from the Bay mouth, This current is an
important vehicle for transporting fish larvae and other small aquatic organisms
from the ocean into the Bay and up the Bay toward freshwater tributaries
(Pritchard, 1951). At the extreme upstream end of salt water penetration the
hottom waters become mixed with surface waters, Sediment, detritus, nutrients,
and small aquatic organisms often become trapped and recirculated in this highly
productive part of the estuary.

The marshes and swamps hordering the Chesapeake and its tributary streams
are extremely important components of the estuarine complex. Roughly
one-third of a million acres of salt marsh habitat surround the Bay. A recently
completed survey of Virginia tidal wetlands (Wass and Wright, 1969) showed
there were 213,059 acres located in the Virginia portion of the Bay. The
wetlands included 97,793 acreas of marsh, 55, 623 acres of open creeks, 38,058
acres of wooded marsh, and 12,857 acres of tdal flats. The remaining 8,728
acres were woodland, sand, ponds, and dredged arcas.

The estuary is a transition zone in which the fresh water from the land
becomes mixed with the ovean waters and is affected by both, Biologically it is a
most productive arca. Mcllugh (1967) pointed out that annual fish harvest from
the Bay—both sport and commereial --amounts to aboul 125 pounds per acre. He
further suggested that there is a potential for harvesting 600 pounds per acere

from Bay waters.
AQUATIC ORGANISMS

Fish

In 1966, the commercial finfish harvest from the Chesapeake was 303.6
million pounds. Adding oyster and clam meats (27.8 million pounds) and blue
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crabs (95.1 million pounds), the commercial harvest totalled 4265 million
pounds (Lyles, 1968). Based on the resnlts of sport fishing surveys for parts of
Maryland in 1962 (Fiser, 1965) and Virginia 1955-1960 (Richards, 1962). the
estimated annual total sport catch from the Bay was about 22 million pounds
(Stroud, 1965). Total fish harvest in recent years is thus close to one-half billion
pounds.

In addition to providing some 325 million pounds of finfish dircctly to
Chesapeake Bay fishermen, the Bay serves as a nursery area for fish caught from
Maine to North Carolina. For the entire Atlantic coast, Clark (1967) lists 19
different kinds of commercial fish that are dircetly dependent on estuaries, The
striped bass, weakfish, scup, black seabass, summor flounder, and king-whiting
are examples of fish that may migrate to coastal waters after spending at least
part of their first y car in the nutrient-laden Bay waters,

Some 39 million pounds of striped bass could be attributed (0 the
Chesapeake in 1965, Bay cateh for that year was about 14 million pounds —the
commercial harvest was nearly 6 million potinds and sport harvest was at least 8
million pounds. In addition to the Bay catch, striped bass ntigration studies
(Merriman, 1941 Ranev, 1952; Porter and Saila, 1969) have suggested thal at
least one-half of all the stripers taken in Atlantic coast waters originated in the
Clesapeake, Some 50 million pounds may have been taken in coastal
waters: sport cateh from the North Atlantic was estimated as some 48 million
pounds for 1965 (Deuel and Clark. 1968) and New England and mid-Atlantic
commercial catch in 1965 was 2 million pounds (Lyles, 1967). Hall of the
striped bass in these catehes probably originated in the Chesapeake,

Less abundant than in the 1930 and 1940%, the weakfish has been among
the more prized of hoth game and commercial fish. Studies by Neshit (1954)
and Perlmatter ot al, (1950 attributed the collapse of the fishery for weakfish in
New York waters to the over-harvest of small weak fish in Vieginia. The evidence
strongly suggested that juvenile weakfish reared in Chesapeake waters migraled
noeth to New York waters as they hecame farger, and provided a substantial
portion of the New York harvest. Stadies o the age composition of Bay-caught
weaklish showed that commercial calehes were dominated by one-year-old fish
(Massmann, 19623),

In late spring and smmer, seup move from  ocean spawning grounds to
nursees arcas i sousthern Chesapeake Bay, where they are the most abundant
bottom fish during samner months, Although most numerous in the Bay, young
Mupoare also present in coastal waters, Therefore, the Bay is not the only
nursery proumnd available o them (Clark o1 al., 1969). They leaye the Bay in fal)
for wintering prounds in warmer, oltshore waters, |n spring, scup move nocth (o
coistal widers of Delaware, New Jemeyand New York (Neville and Taibot,
1905, A ~invilar peatiern of moyements appears Lo oceur in other fishes such as
summer Hownder, black seabass, and hing-whiting, These examples illustrate the
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mportanee of the Chesapeake estuary to fish and fisheeies of the Bav and of the
Coastal walers hevond the Bay.

Estuarine Pests

Not all aquatic life of the Chesapeake is desirable, The jellyfish or sea nettle i
probably the greatest deterrent to aquatic recreation, especially swimming and
waler skiing. The hordes of nettles that thrive in the Bay during summer are also
a nuisance to commercial and sport Gshermen, and compete for food or pres
dircctly on larvae of both finfish and shelilish, A closely related hut not so
painful pest is the comb jelly or etenophore. This walmat-sized animal produces
brilliant, luminescent flashes when disturbed in the water at mght. 11 s more
voracious than the jellyfish and, m abundance, has been observed to severels
reduce the amounts of planktonic animals, fish eggs and larvac, and pelly fish
(Van Engel and Joseph, 1968).

Three additional elements in the aguatic estoarine [auna are desteactive or
annoying. These are the shipworms, which are not worms at all but molluses,
They cause extensive damage to the hulls of wooden vessels and o wooden
piling. The barnacles are also a nuizance to hoaters and olten take up space that
might otherwise be used by ovsters for setting. The oyster drills are another of
the: detrimental aquatic organisms ol the estuary.

Two of the insect inhabitants of estuarine marshes are so anuoying and
generally known that problems they cause need not he Turther deseribed. The
saltmarsh mosquito and greenheaded [y are both aquatic inhabitints ol the
estuary during their carly life stages. Extensive marsh diking, ditehing, drgnagy.
and filling activitics are often done in response to the mosquito problem. Too,
widespread pesticide spraying programs have in the past catsed extensive dange
to non-larget estuarine animals including crabis. fish. and birds.

Estuarine Birds and Mammals

Walerfowl, shore birds, other aquatic hirds, and aquatic mammals are closels
associated with the Chesapeake anl its marshlands. Some 350 000 Canada geese,
550,000 ducks, and many thousand= ol our whistling swans winler in the
Chesapeake estuary. A few black durks and the wool ducks remain for the
cummer breeding scason. For the others, the Chesapeahe s a great wanler
pasture. In the open Bay walers loons, seoters, and old squaw are nmost
prevalent, while in less saline waters of the upper Bay the goldeneye, seaups,
buiflchead, ruddy duck, canvashack, ring-necked duck, Canada goose, cor-

morant, mergansers, and grebes, are more numerouns. [ the fresher waters
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associated with the marshes the black duck, hlun-wingn-t.l and green-winged teals,
mallard, gadwall, widgeon. pintail, shoveler, wood duck, rails, herons, and egrels
are_more common. The muskrat, mink, raccoon, and oller also live in these
marshes, Porpoises generally enter the Chesapeake during the warm scason,
doubtless attracted by the abundance of fish, Only rarely have whales blundered
into the Chesaprake Bay. Such infrequent aceurrences, while they attract much
attention, generally ¢nd tragically for the whale. Also associated with the Bay
arc the sea gulls, terns, snipes, sandpipers, and a host of other untigque shore birds.

In the preceding discussion 1 haye briefly deseribed the Chesapeake estuary;
indicated some of the more Important aquatic organisms and pointed out their
abundance, and shown by example that their impact often extends far beyond
the Bay, in the following seclions, 1 will indicate why the estuary is important
and discuss some offects on aquatic organisms of major e-.hangvs in the estuarine
cnvironment,

ROLE OF THE CHESAPEAKE

The Bay is & most productive area. It is espectally important as a nursery
ground for young fish- not only resident species such as white perch and white
catlish, but also anadromous American shad, river herrings, and striped bass and
fishes spuwned offshore, including Atlantic menhaden, spotted hake, Atlantic
croaker, and spol. Further, some sections of the vstuary are far more important
as fish nuesery grounds than are other seclions. The low salinity portions of the
northern part of the Bay and the vorresponding portions of the major tidal
tributaries are the most productive zones, In these areas, the larvae of resident
fish, those of fish from other parts of the Bay, and the larvae of offshore fish
congregate and grow.

I pointed out carlier that the more saline, inflowing bottom layers of water
transport fish larvae and other plankton to the Bay from offshore and up the
estuary toward fresh water, Near the upper imit of salt water penetration, these
currents recyele and  wrap  nu trients, sediments, detritus, and planktonic
orginisms in the area (Schubel, 1968). The water in this most productive zone
supports a large population of planktonic diatoms and algrae. However, the most
important production is from the marshes, Average summer water temperatures
are higher in the highly productive arcas and dissolved oxygen is lower than in
other parts of the extuary (Van Engel and Joseph, 1968). Amoug the reasons for
the bigher temperatures and lower oxygen values could be that the extensive
perimeter marshes hold large quantitics of shallow, quickly warmed water and
great amounts of organic material produced by marsh vegetation.

In mast of the major tributaries, the shoreline in the highly productive areas
is dominated by extensiye cordgrass marshes interlaced with tidal creeks. The
cordgrusses (Spartina) are the most abundant and most important of the marsh
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vegelation. Production of cordgrasses in Virginia’s estuaries, as shown by the
dry weight of grass harvested from sample plots, ranged from 3 to 10 tons per
acre (Wass and Wright, 1968). Average production was 5.1 tons per acre
annually. The dead cordgrass stems and leaves drop into the water. In time, tidal
currents transport the decaying material into creeks and large estuary tributarics,
Decay by bacteria and fungi breaks down the cordgrass detritus into small
fragments and fine particles. In the process, the protein value of this malerial
actually increases.

Experiments with Georgia cordgrass (Odum and de la Cruz, 1967) showed
that the protein content quadrupled--protein for recently dead stalks was 6
percent while that for decayed stalks was 24 percent. The protein increase was
caused by the bacteria, fungi, and other micro-organisms associated with the
decay process. The effect is that of a “hiological multiplier.” Also, a single
particle may be consumed by one organism, stripped of its micro-flora and,
following elimination and bacterial recolonization, again be consumed. This
process may be repeated a half-dozen times before the particle has been
completely digested. Farther upriver, in the area where open marshes are
replaced by forested swamps, dead leaves which end up in the water probably
provide a forage function similar 10 that of the cordgrass. Principal direct
beneficiaries of the particlate detritus provided by the cordgrass are gammarid
amphipods (Gammarus) and opossum shrimps (Neomysis). Copepods, cladoce-
rans, and other micro-crustaceans also feed on this material, as do isopods, crabs,
clams, and oysters. The amphipods and opossum shrimps are among the most
abundant of estuarine animals in this productive estuarine zone. This was also
found 1o be the case in the low salinity portion of California’s Sacramento-San
Joaquin estuary (Kelley, 1966).

Fish larvac and juveniles feed heavily on the abundant crustaceans. Food
studies by Van Engel and Joseph (1968), on the most abundunt of the youny
fishes in this productive zone, showed that cither mysid shrimp or amphipods,
or both, were among the two most important foods for white perch, hogehoker,
bay anchovy, white catfish, spot. Atlantic croaker, weakfish, silver perch, and
southern kingfish. In spite of extensive preying on the crustaceans by small fish,
the numbers of forage animals were nol diminished. Weak{ish and striped bass
also fed heavily on the abundant larvae of bay anchovy and naked goby. Young
striped bass in the Sacramento-San Joaquin estuary were also heavily dependent
on both opossum shrimp and amphipods for food (Heubach, 1963).

Production of marine fouling organisms—the sessile plants and animals that
attach to oyster shells, pilings, and other expused surlaces—was found to be
greatest at upriver, low salinity stations in the Patuxent River (Cory, 1967).
During summer months—the period when production was greatest—the bar-
nacles, hydroids, and amphipods from these stations produced more than three
times as much dry weight as they produced at downriver stations.

Aquatic plant production is also greatest in low salinity areas, especially in
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the clearer waters in the northern part of the Bay. Best known as important
waterfow! foods, the ponl weeds, cel grass, widgeon grass, and other desirable
aquatic plants wlso provide both food and shelter for invertebrates and fish.
When they die, these plants also add to the organie detritus,

Two introduced aquatic plants, the Eurasian milloil and water chestnnt, have
both reduced the production of desirable plants and animals, impeded water
circulation, and clogged waterways, Furlmlalvl_y, control measures have reduced
the abundance of the water chestnut, and a disease has almost eliminated the
Farasian mitfoil,

Production of phytoplankton s greater down river from the highlv turbid.
bow salinity uwpriver areas. Stross and Strottlemyer ( 1965) also working on the
Patuxent River found that, although the upstream area had the highest potential
for production of chlorophyll 2. actual production was greatest in the more
saline waters near the Patuxent River mouth. in this part of the river annual
plant production was cquivalent to about 2.9 tons per aere. The reason for the
difference hetween polential and actual production was that high turbidities in
upriver arcas reduced light praetration and photosy nthesis,

The oysters, elams, erabs, and fishes of the downriver areas receive substantial
benefits from the down-estuary movement of fine detritus in the surface flow, as
well as from vegetation from the shoreline marshes and creeks., Nevertheless, the
mostimpaortant production in the more <alty part of the estuary is provided by
phy Loplankton.

Mysiel shrimy are also present in numbers in the downriver and Bay waters.
Studies in e Delaware River and Indian River Inlet (Delaware) estuaries
demonstrated that, there, myvsids are among the most abundant organisms. At
the same time, they were one of the maost important fish food organisms (Cronin
et al, 1963 Hopkins, 1965). The Chesapeake Bay is probably similar in this
Fespeel,

The more saline downriver and Bay waters also provide feeding grounds for
some ol the larger predatory aguatic ofganisms--including fishes, crabs, jellyfish,
and the comb jelly, Among the most significant findings from the Virginia
ectuanne stady by Van Engel and Toseph (1908) was that the comb jelly,
Muenteopsis, in extremely  effective i depleting cooplankton populations.
Following  the appearance of the comb jelly in the high salinity arvas,
zowvplankion propttations rapidly diminished. [t 15, therelore, a serious competi-
tor of larval, postlarval, and javenile fishes that ure still leeding on smaller
roopankton, lrlmivu")‘. a larger comb Jetly . Beroe, (i

ds voraciously on
Wnemeapsis. When Berge appeared in the estuary, the

smaller coml Jelly was
whmost completely eliminated from the river, and rooplankton numbers agam
mereased.

Low salivities in the productive upriver portion of the estuary provide a
barrier, past which neither the Jelv sk nor the comb Jelly can moye, Therefore,

the larval fish are protected from hoth competition and predation by (hese



Significance of An Estuary On the Biology of Aquatic Organisms 103

animals. The highly turbid waters also help to reduce predation from other
sources. because visibility is so poor.

A remarkable succession of fish oceupy the low salinity nursery grounds. In
carlier spring, postlarval menhaden move in from offshore spawning areas
(Massmann et al., 1954). Young spot move into the entire Bay at this time and
spread upriver as well as into other peripheral areas. Silver perch appear in
summer, followed by young weakfish (Masmann et al., 1958). Postlarval
croakers migrate up the Bay in fall and gencrally overwinter in the upriver
nursery arcas (Haven, 1959).

The tendency of young croakers to overwinter in UPFIVET BUrsery areas is
responsible for the substantial reductions in croaker populations that have
occurred. During petiods in which water temperatures drop rapidly, severe
mortality occurs (Massmann and Pacheco, 1960). In some cases, an entire year
class may be destroyed. Subsequent laboratory studies have demonstrated that
Juvenile croakers fail to feed at water temperatures of 5°C, and that mortality
occurs when temperature approaches 0°C (Van Engel and Joseph, 1968). In
Maryland waters of the Chesapeake, Dovel (1968) has indicated that predation
by striped bass also canses significant mortality in croakers.

[ have briefly indicated some of the reasons why the Chesapeake estuary is so
essential 1o aquatic life, and why some parts of the estuary are more vital than
other parts. The Bay environment can be changed. [t is heing changed now, and
greater changes are in store for the future. I wish to discuss some of the changes
and show Lheir effects on aquatic organisms.

ESTUARY CHANGES

The Chesapeake Bay can be changed physically and chemically. Physical
changes include filling, dredging, and temperature changes. Chemical changes
include depletion of oxygen and pollution by municipal and industrial wastes,

fertilizers, snow salts, biocides, ele,

Fifling

Filling is occurring in the Bay at a more rapid rale than most people realize,
The obwvious landfill projects have been most evident in the vicinity of large
cities- Baltimore, Washington, and Norlolk~where additional land for piers,
parks, industry, housing, and airports has been created. Less noticeable has been
the silt washed in from the tributaries. The Susquehanna River alone delivers
600,000 tons of silt to the Bay annually, and about 2.5 million tons originate in
the Potomac River Basin. Shoreline erosion also contributes to the silt load. In
the past 100 years some 6,000 acres of Maryland shoreline have slipped into the
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Bay (Wolman, 1968). Between 1846 arul 1948 silt deposition has reduced water
depth 2.5 feet over a 32 square mile area at the north end of the Bay (Hollix, et
al., 1964). Roughly one-half of the oyster grownds in the npper Bay have been
destroyed or shifted downstream by sedimentation. Much of the channel
dredging is done merely Lo maintain the depth in previously built channels,

Filling, carried to the extreme, would result in the Bay becoming a delta
somewhat like the lower Mississippi River. [t is likely that the Chesapeake Bay
would be similar in appearance to the old Susquehanna River mouth as it was
some 10,000 years ago—before the rise in sea level. Although many of the same
kinds of fish would be present, the numbers would be much less because of the
deerease in water volume,

On a smaller scale, the effeets of filling depend largely on the location of the
fill and the type of habitat 1o be covered, We have already pointed oul the vital
role of the marshes in mamtenanee of aquatic production. Filling the marshes,
vspm-iully thase located in the low salinity, productive zone, direetly reduces the
amonnt of food available to crustaceans which, in wrn, reduces the abundance
of young fish. On the other hand, filling in some locations with properly
anchored material conld be useful in ereating new marshland, improving current
patterns, or reducing extreme wave action,

Dredging

Dredging is often associated with filling since the material taken from the
channels- the spoil - must be deposited somewhere. Dredging may be done to
deepen waterways and channels or to create new walerways. Canals provided the
most important carly means of transportation. The Dismal Swamp canal, which
connected Chesapeake Bay with Albemarle Sound, was begun in 1793, It
probably influenced aquatic life but little. On the other hand, the cutoffs that
eliminated the need 1o navigate around the large loops in the James River
hetween Hopewell and Richmond have essentially destroyed the value ol Lhe
ox-how sections as spawning and numsery areas for shad and striped bass.
Interestingly, the first of these cutoffs Dutch Gap- was comstructed in late
(864 by the Federal troops in an clfort 1o by-pas powerful Confederate
defensive posilions,

The Chesapeake and Detawaee Canal has provided a shorter shipping route 10
the Delaware River and coastal and European ports 1o the north. Striped bass
and American shad @lso use the canal for migration. The deepening of this canal
Lo 33 (ect is expected 1o result inan increase in [reshwater flow of from 900 to
3,000 cubic feet per second (Corps of Engineers, 1969). Rather than flowing
~outh through the Chesaprake, diverted fresh water will flow north through the
Canal into Delaware Bay. Reduction of the freshwater Now into the Chesapeake
will inerease Bay salinities and reduce the rate of hoth outow of surface waters
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and inflow of boltom waters al the mouth of the Bay. While the damaging
elleets on shelllish will be greater than these on {infish, a reduction of inflowing
ocean waler into the Bay will probably result in fewer of the larvae of
ovean-spawned fish reaching productive estuarine nursery grounds.

Freshwater Flow Reduction

1 have already suggested two of the changes that may occur as a result of
increased [reshwater outflow through the Chesapeake and Delaware canal. This
ix nol the only activity that will reduce freshwater and Bay circulation. The fact
that the Susquehanna has been referred to as the last great untapped freshwater
resource in the East shows that it is now being considered as a new water supply
(Anon., 1967a, 1967b). Proposals have been made for the diversion of
Susquehanna River water to Philadelphia, Wilmington, and other metropolitan
arcas outside of the river basin. Present flow rate averages about 40,000 c.f.s.

If freshwater flows were severely reduced, the productive, fow-salinity
nursery areas would be displaced up the estuary beyond the cordgrass marshes
toward the head of the tide. The fish would lose much of the benefit from high
productivity and the low salinity zones would occupy a far smaller volume of
water and far less productive steetch of river. If freshwater inflow were reduced
to the extent that salt water penetrated to the fall line, the spawning and nursery
area of anadromous shad and striped bass would be eliminated.

Saltwater Flow Reduction

The increasing need for ever larger quantities of fresh water have led to
proposals for the creation of salinity barriers in the Bay to provide large pools of
readily available fresh water. Similar proposals have been made for large parts of
San Francisco Bay and for Long Island Sound. In the Chesapeake, such
structurcs have been advocated for the Potomac River downriver from
Washington and the James River in the vicinity of Jamestown Island.

On a smaller scale a salinity barrier, Walkers Dam, is present on the
Chickahominy River near Lanexa. This dam was built in 1943 as an auxiliary
water supply for Newport News. Tidal flows in the river were eliminated upriver
from the dam and severely reduced downstream. The Chickahominy shad run,
formerly one of the best in Virginia, was substantially reduced (Walburg and
Sykes, 1957). Currents are necded for spawning. On the other hand, glut herring
populations virtually exploded. The ratio of juvenile shad to glut herring
sampled in the Chickahominy River was 1:15,000, while this ratio for the
nearby Pamumkey River was 1:41 (Massmann, 1953). Freshwater fishing in
the impounded river improved substantially and has remained good. The
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anadromous shad and, probably, striped hass were reduced but herring and
freshwater fish increased.

Water Pollution

The Chesapeake estuary has been less affected by pollution than cither the
Delaware or the Hudson. Even 50, a total of 42,255 acres of shellfish grounds
have been closed because of domestic sewage pollution (Anon., 1968). In
addition, some 254,000 acres of the estuary are less desirable for finf ish because
of pollution.

Contamination of Bay waters by toxic substances is especially acute near
Baltimore. Not only the water but the silt from the bottom of the harbor has
been so poisoned that it cannot be redeposited in cleaner waters without
damaging fish and shellfish. The introduction of foreign decomposible materials
that utilize large amounts of oxygen can be especially harmful when it ocenrs in
the vicinity of highly productive nursery arcas, where oxygen levels are naturally
low from decomposition of material from the marshes. The addition of heat to
these waters—already warmer than waters of other parts of the estuary —could be
more harmful than the addition of heat to waters in more saline parts of the
estiary, for it further aggravates the oxygen balance as well as the heat balance.

CONCLUSION

I have described the Chesapeake cstuary —largest of our Atlantic coastal
estuarics. Although it could scarcely be considered as a typical mid-Atlantic
estuary, it has most of the characteristics found in these estuaries,

Water circulation results from 4 combination of tidal currents and a net flow
seaward of low salinity surface water and a net flow toward the head of the
ciluary of high salinity, bottom water. The rate of the non-tidal currents
depends on the amount of fresh water entering the estuary. The non-tidal
currents provide a vehicle for larval fish to move from ocean and Bay spawning
grounds to favorable nursery areas in low sulinily waters,

Chesapeake Bay provides a favorable nursery arca for fishes of the Bay and
for many other fishes, including striped bass, weakfish, and seup, that migrate 10
coustal watees north of the Bay. Further, the most productive nursery areas are
those an low salinity waters, near the head of the Bay, or upriver in tidal
tributaries. The cordgrass marshes provide much of the food consumed by the
small crustaceans that, in turn, provide the forage for larval, postlarval, and
Juvenile fish,

Changes in the estuary reducing freshwater inflow, such as dredging and
filling, or the introduction of various kinds of pollutants, all influence the



Significance of An Estuary On the Biology of Aquatic Organisms 107

estwarine animals in a variety of ways. A thorough Kknowledge of the
relationships of the physical, chemical, and biological factors will enable us to
avord changes that will be most harmful, minimize the destructive effects of
some changes, and even improve the estuary for production of desirable aguatic
lite,

The principal way in which this knowledge may be used is through the
development of a comprehensive plan for the Chesapeake estuary—a plan that
takes into consideration all of the Bay interests. Such a plan was developed and
is being applied to San I'rancisco Bay. In that case, however, the Bay was greatly
changed before a need for planning was accepted. In the case of the Chesapeake
Bay, and some other mid-Atlantic estuaries, we should develop the information
we need and adopt and implement a strong plan before great irreversible changes

Oceur.
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CLOSING REMARKS BY
SESSION CHAIRMAN

James E. Sykes

This afternoon our speakers have related the usefulness of the estuarine
environment Lo many of the organisms living therein and have deseribed some of
the confliets between civilization and estuarine productivity. We can be grateful
that the Nation has such keepers of the environment as Dr. Salo, Mr. Wallace,
and Mr. Mussmann: men who have an understandingg of some of the
complexitics of estuarine systems, and who are dedicated to the task of keeping
those systems in an operable condition in the face of extreme population growth
ot the United States coast.

Although wastes from industry and municipalitics cause serious damage to
aquatic species living along the coast, Dr. Salo has focused our attention on the
unwise use of land on the waterfront and upstreani. It is teue that on the Pacilic,
Atlantic, and Gulf coasts contamination, damming, and general misuse of feeder
stecams have 4 colleetive and magnifying effect upon living resources of the
coastal zone. There would be little advantage in controlling man’s influences
solely along the shoreline while ignoring his influences upon the relatively tiny
streams farther inland. Apparently, the effects of large industrial-ty pe operations
on the estuary can be controlled and plamied properly, whereas the aceumula-
tive ¢ffects of piccemeal estuarine alteration yields problems more diffieult to
solve,

Mr. Wallace, in appraising the middle Atlantic shellfish situation predicts that
some species, particularly the New York hard clam, are destined to produce well
during the Toreseeable future, Harvests would be much greater now and ir the
(uture, however, were it not for sewage pollution which has closed many acres of
producing beds. Both pollution and disease have reduced oyster harvest sharply
i the middle Atlantic States,
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Closing Remarks By Session Chairman M

Mr. Massmann described the tremendous biological carrying capacity of
Chesapeake Bay and reviewed the fisheries contributions which that Bay makes to
other parts of the Atlantic coast. The biological importance of Chesapeake Bay
is readily apparent in statistical digests of United States fisheries {commercijal
harvest in 1966 was 426.5 million pounds and sport catch about 22 million
pounds). He urged interagency cooperation, a consolidation of knowledge and
early implementation of that knowledge, leading to effective management and
control over estuaries to prevent otherwise irreversible changes.



