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FOREWORD

1n mid-1969, The Sport Fishing Institute was invited to joirr fonr s with the
National Wildlife Federation, arid its affiliated Sportsrrrerr's  :lirbs of Texas, lnc.,
in co-sponsoring a two-day public-oriented conferenci iri lhrustori, 'I'exas, on
Uses of Estuaries. As a result of several i»tr r-staff discussions that erisued, the
Sport Fishing Institute agreed to assume full responsibility for organization,
conduct, and publication of a oru-day scientific Symposium on the Biological
Significance of Estuaries. Its purpose was to provide thr' 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. It was followed on February I4, 1970, by day-long
related sessions on uses of estuaries, chaired and conducted by representatives of
the Sportsmen's Clubs of Texas arid the Natioiial Wildlife Federation,'

This lrublication deals exclusively with the scieritific 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 concelrt of bringing to
laymen, in terms they can understand, a comprehensive insight into why the
estuaries of the United States are imliortant, and what American citizens cari do
to foster the maintenance of «stuaries frrr a multiplicity of uses, in perpetuity.
The Institute was fortunate to secur» the services of some of thc most notable
marine scie»tists to present their views on specific problems of a wide geographic
rarlge.

The two sessiori leaders and six speakers, aulhorities 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.

ix



Foreword

 A! Morr ing session

DR. RlCHARI3 A.  'VYER  S«ssion Chairman!, Director, Department of
Oceanography, Texas A&M University, College Station, Texas.

DR. L. KU iK» IK CRONIN, Director, Chesapeake Biological Laboratory,
Natural Resources Iristitute of the University of Maryland, Solo-
rn ons, Maryland.

MR.  ;IIARLES R. CIIAPMAN, Bureau ol' Commercial Fisheries, U.S.
I!epartment of the lnt«rior, Waslrington, D.C.

MR. IIAROI,I! K, CIIADWICK, Calif<>rnia Department of Vislr and
 >arne, Stockton, California.

 B! Afterrroorr Sessiorr

MK. jAMES E. SYKES  S .ssion Chairman!, Director, St. Petersburg
Biol !gical I,aboratory, Bureau of Commercial Fisheries, U.S. Depart-
m<.nt of th« Interior, St. P«tersburg, Florida.

Mli. 1!AVII! II. WAI.I.ACI'., Dir<;ctor, Division of Marine and Coastal
K  s<>rrr«.»<, N» w Y<>rk  :<iris«rvation [!epartment, Ronkonkorna, New
Y >rk.

III<. KItNVST O. SAl.f!, I'ishcri«s K<'s arch Institute, College of
Visli< ri»'>, l! r»v» rsity of Wdshi»gt<>r , b 'attl ., Washurgton.

Ml<. WII.I,JASI II, KIASS51AN.  , 14 rr  «u of SI>ort Fish  ries; nd '5>il clif<..
U.. I. I!< f>artrri» rit  >f th  Irit  ri >r, Wasliirigt !ri. I!.t..

'I'li<  >I>< riiiig pali» r I>i I!r. t'.r<>riir  w,i«sf>» iafla s<>li .it»  l t<> s» rv», iri I>art, as
tli<' k< yr><>t< tli»'rn»' I' >r th» .'>x rrif»»»sii»ii. 'I'Ir»»'I<»ir>g pap<'r I>v AIr, Aldssrridrr i was
<'sI><'»'Ially s<>li< if» <I t<> s» rv ', iri l»irl. as;i i irr rrrdrir,dli<>rr f<>r tli< irih<'r< iit th<'.me
<if tll»' ~l iil fi >sllinl.

I  rlrlr<'atl»»t  >f fills ~ yrlif> >s»ill  was rllil l»' p >ssibl ' hy in ' Itis of i la~I  >ldrrt
N<>. IIfNNN�f!, irri<l» r tli» ~» a  >rdr t I'rograrrr of tli«Nati<»ial Scicrire Fourida-
ti<>ri,

'I'lr». ~I» >rf I''ishrrig Irislitlrt  is irr< sl grdt 'firl to th<' I>arliciliarits listed above,
wlr > f»;rv»' s<> g» ri<'r >iisly  >f' tli<'.ir a»'»' rm rial ' I krrowl<' lg<'., »'.xp 'rience, arid time to
lr» II» ni ak  tlirs ~> riif»»>si rrr} I>ussibI . 'I'h  Instit it<. is «iso grat«fir l to th«Natioridt
i i» ri » I' >urrddti >r  f<ir I>rovi Iirrg»  <   ssary financial s rl>port to the Symf«>sium.
'I'li» Irisfilirt< was pl< ds 'd t<> c >op  rat< with thc Ndtioriat Wildlif<. I'».<I rdtiorr arid
Ilr» .~i»< rtsrri ri's Clirl» <>f 'I'< xds iii I>rovi<Iing a solid scieritifi» foundati<>n for
! Ii»'i ' ~llbs»' I  i»'rl t r»'Iil t»'d s»'ssl iris ori fir ' s ><'.i >-poli t ical con sid«rations jn
I  t» rrriiri »g  rf»f>r >f>ridt»  is» s  >f   stiiari< S.

I'»il>fi» .iti<»ri  >f' tfiis ~yrrrf><»i rrr  will b< of gr iat value in «xlilaining to
";i»I» r.-frip» I» rr«rifi iri fli» iri!» r» st» <f g»»  ral I> rblic the "whys and wherefores"
f' » if i». ri» .- .»»I lli» ir I>i<if »gi»»l, igriif'i« ric»'. It is  stimatcd that well  >vcr half ot'



Foreword XI

th«n<arini fisheries resourc«s of th« .:ontincntal Sh~ If ailla  i nt to tl» l ..~. land
>nass is fully dependent upon»stuari«s as spawning and/or nurser> ar«as.
51or»over, estuaries are critical links in upstream and downstreani n!i~~~ration
routes of anadromous and catadromous fish«s,

There is urgent need to focus national attention on outstanding su«»esses in
th» management of some of thes«areas, analyzing how tI>ey w~ ri a»I>ieved, as
w»II as to analyz» failures in other areas and reasons for such. The latter will
point up the n»ed for r~ search and for application of available knowledge. Our
speakers were selected for th«ir exceptional background and capabilities in
brining th«s« facts before a concerned, if poorly informed, public, with
examples from th» Pa»if'ic,  'gulf, and Atlantic coasts.

An increasingly rapid decimation of the national heritag» represented in
estuaries is taking place for purposes of short-term private economic gain,
without adequate consideration being given to preserving future multiple-use
options for the broad public benefit. I''nhanced public comprehension of the
biological significance of estuaries, which is the principle 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 improv«communications among aquatic scientists,
economists, engineers, sociologists, politicians, and planners, as well as concerned
lay citizens, in order to achieve this important goat. Elopefully, this Symposium
wiII generate a significant part of the improved public comprehension needed
among the many different users of estuaries in order to create an improved
climate for solving the problems in maintaining the estuarine cnvironm»nt in a
productive condition.

Philip A. Douglas, I',x~ cutive Secretarv
Sport E'ishing Institute, Wasliington, D.C.
Symposium Chairman
December 10, 1970
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INTRODUCTION

TO SYMPOSIUM

Richard H. Stroud

EXecutiue O'Cp PreSident, Spnrt Fishinp Institute,
II ast ington, f!. :. 20005

Si Veral lultinnWide «nd regi illal stil<ly ri Iii>rts <>n   slllarii > hayi b  i ll
coml>leted recently.!Vi>n<, h<iw<.v  r, has ad< q««t  ly i ra I>basis   <I tilt' Iilll<lanli'ntal
biological signifi ance of <.stuari 's. 'I'his is thi' sul>jt < t i>I t<><lw 'i sylnliosillrrl,
il '.signPd to set the stag<. f<ir subsi qu .nt <lis< uiii >r> <>I' sii< ial, i" t <ill<»rli< , arlil li gal
aal>PCtr> ol Patuarlne. uaf'.

At thi< v<'ry out~ 't, th '.r<'fore, il is irnli<irta<lt t > i >r>~i I '.r the llatur ' of «n
eatuary. In the firat lilac , all i Stuary iS n<it a lalld «ri a. and ROie n<it illi lull  arly
land abovi. the high-wat .r <nark. Ali i . tours ii a }i<i<ly <iI' wati r at thi i <lgt <il' th<
sca with alii.cial «iilogical iharact  risti<.i, l>i irlg»i ith» r wh<>lli frt ~h lliir wholl>
salt. As gen<.ral}v r  garil< fl:

An <':tuar'y l, a s<'lnl-<'n 'lo.'<' I i' <la, 'Lal l>Oily  ! I Wat<'r llaVlllg a free
<' >fin«.ti<>n Witll tilt i>I>i ll ~ a «ll<l will>ill whi<.h Ih<' s< a wat< r is
mi «suralily <lililti'<I witll I'rt ~h w;lti r  It rivirlg frt>m land drainagi."
 t;afn<'r >n «ll<l I'rit< ll:lr l, I <!I>,'I!.

'I'l u~, t.ituarit i ar  n><>t i <>f i i  >l<igical transition b«tw<. .n fresh water and salt
watt'r- tl>t' t' >a.'t'll t>ra 'kith walt'l dr<'as.   I >a<'.ly associated with cstuarif.s are the
ti lal Irt ihwatt r 1<at>itati that oc<'.ur imnlvdiat< ly ahovi' the upper limiL~ of
wltwatt r intro~i<>n. l h  si ari. vitally if<>p<>rtant as nursery anil spawning areas for
many an adrorll olid slit:<:ies. Seaward from the estuary, beyond the semi-
 lli:ornliassing headland features, measurable dilution of sea water by land
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drainage can be traced for considerable distances ofl'shore in some oceaii s»«acr
waters. Moreover, considerable acreages of coastal salt meadow and salt marsli
customarily occur in close ecological relationship to estuaries. Together with the
estuaries, themselves, these important transition zones encompass th«t>tire
estuarine-associated environment, which may be usefully regarded
"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, l 966!,

This symposium, today, is concerned with the estuaries as the key
environments within the estuarine xone. Since all estuaries  by definition! lie
adjacent to salt water, the mouths of rive.rs tributary to the Great Lakes are not
considered here. However important otherwise, they do not qualify as estuaries
regardless ol' 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 l l,022,800 acres along the roast of Alaska. Of the
total, about 7,734,400 acres �9.4%! is water less than six fiet deep, most
vulnerable to filling, as well as especially productive of fish, shellfish, a«d
wildlife. At least 564,500 acres �.89''! of thi lattir hay~ }ireii obliterated
through filling, mostly in the last fifty yiars. This obliteration lias Iiroceeded
most rapidly on the%'cst 4>ast below Alaska � 35 pcrcr nt loss of original shallow
areas �0Yo in California, largely Saii Francisco Hay!, arid on the Atlantic
Coast � 4.2 percent loss of thc original productive shallow areas.

One of the broad expatises of Contin rital Shelf  out to the 200m depth
contour! occurs adjacent to the Atlantic Coast estuaries. This broad Shelf area
encompasses about l66,656,000 acres of readily arcessible orcan bottom. In
l967, the total weight of' fish and «heHfish harvested from the Atlantic
Continental Shelf area was at least 6,610 million pounds.' Thus, the yield from
this «rea of Continental Shelf «vcragcs about 40 pounds per acre, the finfish
fraction  about 37 pounds! being equivalent to about 22 percent of an estimated
standing crop of l68 pounds of I'infish per acre. The finfish yields appear already
to bc close to, «t, or beyond the: level of optimum sustained natural yields for
many species  I',dwards, l 968!.

l>asrd on findings by the Sport Vishing Iiistilute, resulting from a recent
survey ol' selected estuarine fisheries biologists, unanimity of opimon is lacking

Includes IJ.S. «ngier-catch of edible finfish = 400 million pounds, U.S, doinestic corn
ntrrcial harvest of all fish «nd shellfish  about equally divided! = 1,100 million pounds, and
kr>own catches of I'infish by foreign nationals = 5,I I 0 million pounds.
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Table 1. Mentification of Estuarine-Dependent Maritse Fishes Cotnmon to U.S.
Coastal %aters

Working Locations of Biologists

Atlantic Coast
Gulf

Coast

Pacific

Coast

At

Large
Estuarine

Fisheries

Biologists

Middle SouthNortheast
Speciest

Barracudas ....,...
Bass, Black Sea
Basses, Pacific...........
Bluefish ...

Bonitos

Cabezon and Pacific Seulpins .
California corbina
California sheephead
Catfishes
Cobia

Cods, Atlantic..... ~
Cods, Pacific......... ~ ~ .
Croakers

Cunner

Dolphins
Drum, Black.......
Drum, Red,.............
Eel, American
Flounder, Pacific..........
Flounder, summer .........
Flounder, winter ..........
Gar

Groupers
Grunts .

Haddock

Hake, silver...,,.........
Hake, spotted
Hake, squirrel ...
Halibut, California ........,
Herrings, A tlan tie
Jacks ...,
Jack Mackcr«I
Kingfishes
Ladyfish
l.ingcod
Mackerel, Atlantic
Mac kerel, K ing
Mackerel, Pacific

X

X

X XX X X

X X

X X X
X X
X

X X
X

X X XX X XX X X X X

X X

X X
X XX X

X X X XX X

X X

X X X
X X

X X

X ?
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Working Locations of Biologists

Atlantic Coast
At

l.argv
Pacific

Coast

Gulf

Coast
Estuarine

Fisheries

Biologists

IVortheast Middle SouthSpectra
1

vl hD
X

Mackerel, Spanish
Mullets

Ocean Whitefish

Opalvye...
Perch, white
Perch, yellow
Pigfish .......
Pollork

Pompanos
Porgivs
Purfv~

kockfishvs,.....

Sablvfish

Salmon, chinook
Salrn m, coho
Salmon, pink
Scabs', whi tv
Svarobins .

S rat rou t, sand....
Svatrout, spo't ted
Svatrout, white
Shad, Amvrican...
Shad, hickory
Sharks .,

Sl>arks, d<igfish
.'iilvvrsiah ..

Snu'l'Is

~ !»appvr, gray

St>appt r, rvd
4»appvr, yvllowlad
4»ook

Npad! fist!, A f la»lic,,
,~l«i I
,~'ti!-tll! ad

~tf! [!!«l t«/l+
, t»r!«<>!!

v! i J r'

X X
XX X

X X

X

X XX X

X X

X X X XX X

X X

X X

X X

X

X X
X X X

XX Y

X X X

X X XX X A

X X A

X X A

X

X

X

X

X X

X X

X A

X A

X X

X X X
X X X
X X

X X
X

X X

X X

X X X
X

X

X X X X X '!!X X XX XX X

X X X X X

X X X X

X

X X
X X

X X

X

X

Y X A

X X X A

X X X A

X '!!

X X
X X X XX X X

X

X X

X X

X X

X X

X X
X

X X
X

X

X

TahIe I, Identification of Estuarine-Dependent Marine Fishes Common to <"-S.
Coastal %aters  cont'd!
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Table l. identification ot' Estuarine-Dependent Marine Fishes Common to U.S.
  oastal %aters  «rrr t '8!

JYB: " designates "some species orily"; A designater anadromous nature.
List of Species  Species groups! from � Iteuel, I!. t'. arid J. R. Clark, 1968. Th< 1965

Salt Water Angling Survey. Bur. Sp. Fish. «nd Wildlife.. Res. Pub. No. 67. 51 pp.
McHugh, J. L 1966. Management of Estuarine l'isheries � A Symposium of Estuarine

Fishes. Amer. Fish, Soc., Sp. Pub. No. 3:133-154.

about which species or slircies grc>ups of marine fishes commonly found in
coastal wat<.rs are in fact estuarine-de.pendent atsorne rritiral stage s! of their
life histories  Tahl<. 1!. This s<'rv<'s t<i illtcstrate th< poorly-appreciated fact that
much esscritial < l<rri< ritarv bic>logical information about mariy of these species
r<.mains to bc acquir< d. ln t<.rms of th< ir land<.d values, however, nearly
hvo-thirds �3%! of th«:<irrrm< rcial catch cm th»' Atlantic Coast is made up of
species belie.ved lo be «stuarirre-d<.parr<i<.nt  Mcllugh 1966!. Assuming that this
applies equally to th«<>rrrbin< cl < atrlies by f<ir< ign riationals as to the 1J.S.
domestic catcli, th< fisli< ri< s yic ld from tlic 1.~,5. Atlantic Continental Shelf, at
pr<.sc..nt lev< ls of <l< v< I<rprrr< iit ol' thc l'ishrries, is equivalent to about 535 pounds
per a<:r<. ol' < striari< s.

Tlirrs. t«r <;i< li a< r«>f <.stuart <>blit<.rat<..d through filling, or otherwise
<l<istr<i>«l. tli< r«<>ul<l b< a «err< sponding annrial loss iri yield  at present levels
<il' r<s<>rrr« cl<vel<ipmcrit! c>f aborit 535 pounds of fisheries products on the
C<intiri< rital ~h<'ll'.  'A'hc tli< r some compensatory increase might occur in
pr<i<lu<.ti<»i <if <ith<.r spc cics is a matt«r ol speculation.! Similarly, general overall
redu<.tions of productivity of th<. estuaries by pollutiorr  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 lor
optimum fisheries yields, it is already certain that Shelf yields couliI
substantially increased, especially for high-value sessile shellfish and selecte"
species of finfish.

The Sport Fishing Institute takes great pleasure in welcoming all
contributors, distinguished guests, and other participants to today s Symposium
Its purpose is to help demonstiate the great biological significance of those
unique brackish-water ecosystems � the estuaries-that occupy the vital aqu~t~~
transitional zones «t the edge of the sea. It may not be too extreme to predict
that what present civilization does to or with these irreplaceable Iimi«d
resources over the iiext few decades inay 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

Richar<rl A. Geyer

Department of Oceanography, Texas Adolf University,
College Station, Texas 77843

There is an»vcr increasirrg int<.nsification ol' thi use of the  :oa«tal /one as
the  '.xparrding population of th» Unit d States moves irrt<> this ar» a.

Currently, s< vcnty p»rcerrt ol' the rration livi s within an hour's drive of the sea
coast, if tlri  ir»at Lakes ar  inclrrdcd. A di.c».nt concern to preserve life' s
amenities, as well as  '.conomic eonsid<:rations, demand that mori. adequate
lirovision l>c. made for r<  :r»'aliorral usi' of thc Nation's crowd< d  :<>astal Zone.

This i,<>nc is a rcgiorr of trarrsitiorr bi tw»err two envir<>nmcrrts � the land and
thc s»a. It r»ay he d  fin<'d as that liart of th ' land aff '.ct<.'d by its proximity to
the s<.a, and it irr .ludes a total »>f IF�1 statrrt<. miI .s along th»  iulf Coast. The
asso<.iated» stuarirr» ar< as alorrg th< ~  iulf of Mexico include 3,837 square miles.
This area is bas».d <>n a definiti >rr of arr est  arian z >ne, as an  .nvironrnerrtal
system corrsisting <>f arr < stuary a»d th >s» transitional areas consistently
irrflu< rr«: d  ir affi <.t«l l>y wat< r fr<irrr arr i'«tuary, s<r<.h as, but not limited to, sall
marshi s, coastal a«<l inti.rti lal ari.a«, l>ays, harl>ors, lagoons, inshore waters, and
charrrrils. 'I'h» istrrary, its< lf', is Iiart of the: morrth of a navigable or interstate
river or «tri arrr <ir iitlrir li<iilv i>l water having unimpaired natural connections
witlr <il>< ri «i;< anil withirr wlri< h th» sca wat r is measurably diluted with fresh
w;<ti'r <Ii'rtvi'il Ir<>nl la<Id drairr Jg»'.

'I'h< t<>t,rl . Ir<iri lirri <>I' th<  »ulf ol' Mexico includes 17,500 statute miles. Gf
tlri..«<>r»< I, ! !t! rrrili s have been categorized as recreation shoreline, of which

I > I rrri < t tlr» criteria of public recreation shoreline. Of the slightly more
tharr a tlr<>rrsarrd mili.s of recreation shoreline of the state of Texas, 301 miles rtre



designated as beach, 421 miles as blul'fs, and;I >'.I:nih s a; >lioral>, V~>r I,iui~iiaria,
with a comparable total shoreline, 2,">7 niilcs are di signated a. Iieac!i and thc
remaining 819 as marsh. All but two miles of th~ ~ ntir~ I,076 in l,ouisiana are
privately owned. Of the total of 203 miles of shori lin~ for Mississippi, 134 are
categorized as beach, 69 as marsh, and I78 miles are privately own~ d

Currently Federal, State, and local governments, including intrastate and
municipal coastal and harbor authorities, ar~ 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 thc
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 date has been thwarted by:

I. the variety of government jurisdictions from all categories involved,
2. the low priority afforded marine matters by ! tate governments,
3. the diffusion of responsibilities among State agencies, and
4. the failure of State agencies to develop and implement long range plans.

Current coordination at the Federal level is through the Committee on
IVIultiple Use of the Coastal Zone of the Marine Council. It considers thc broad
aspects of coastal management and seeks effective and consistent Federal
policies. ln addition, the Water Resources Council, a Cabinet level coordinating
and planning group analogous to thc Marine Council but rhaired 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 rnanagernent of specific coastal areas. This diffusion and
fragmentation of responsibility is reAected within State governments within
which individual agencies deal directly with their counterparts at the Federal
I~ vel. 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 Federal plans.

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

The I'residerit's Commission on Marine l'.ngineering and Resources has given
«onside rable thought to th  problem of Coastal Zone Management. It recognized
tin trimiridous significance of this probhm by designating a panel to study it
sin cifically during its two-yt ar tenure. In fact, of the many recommendations
nia<I» lii  fn Commission to a<i~.brats the development of marine resources, the
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closest propan> considered for the 1>os~ible categor> of a cra 'h I>r >gra>n was that
of Coastal /one 5'lanagernent. 'l'his is necessary because ~ >f' the rapidly
accelerating rate at which existing coastal zone ar~ as;~ri l>< ing c<>nsurned for a
variety <>f l>url>oscs, without any long term plannin ~. 1fi cognition ot the
!ey'timat» needs of co>npeting uses, both industriat and .- ~i iological, is often
lacking. As a result of the studies of this C<»nrnission Vandal, as well as of the
entire membership, a number of specific r~cornn>c»~fations have been made.
Some of the major ones include:

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

2. Federal legislation to aid States tc> 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 necessary 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 bc 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 to implement the Coastal Management Plan.

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

,>. 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 ~>n cr>astal issues and for their training.

lt is not too soon to start implementing the many recommendations made by
the Commission for thi C~>astal Xone of the United States � the nation's most

valuable gr ograf>hic feature � if th< Cc>astal Zone is to be developed in an
c>1>timum nianni r f' or all c~>r>ci rncd. Yr t, it must bc done in a manr>er compatible
with tl>r hest she>rt anrl long term interests of the diversified segments of the
industrial and so<:iofopcaf components of our society. Otherwise it will not be
l>ossiblc t<> c<>f>< successfully with the myriad of problems involved in this area,
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An estuary is a mixture of a river and the sea. Mori; exactly, it is a
semi-enclos .d body of water which has a free <.onnection with the open sea and
within which sea water is measurably diluted by fresh water I'rom land
drainage. Each estuary is a site of vigorous interaction among land, sea and air.
The syrnposiurn cover shows a diagram of one principal type, the drowned valley
or coastal plain estuary which is fourid i» many coastal areas.

There is enormous variation among the nearly 900 estuaries along the coasts
<if the United States. The Atlantic Coast includes many of them; am ing th '.»  -,
Ih   ;h«sap<'.a4. and Delaware Bays  Fig. I! are large a<id i xcetlerit «xaniplcs of
drown .<l valleys and have rrc»..iv  d rnu<:h research atti nti«in. Such c iastal I!lain
<;st<iari s are th« I>rototyp<:s for niost of t!ie < haracteristics a<<a exariililes
I>r» s »t«<1 iii this <liscussion.

t!th» r tyli<s <if i sti1ari s, and those in r»'gions «!th .r tha« tlie Atlantic  .<>ast,
<lil'fi.r fr<»ii this summary t<i varying d«.gr .<,s. lt is iiot possible or apliroliriat ' t<!
r d<> :  all < stuari .s Io a single eharact»'.rilation. 1',a<.h. iii ri'ali y, is an individual
«'<isysti ni willi its <!vvn iiiteresting identity, reflecting tli» highly local effects of
rivi r, si a, la<i l and air.

III l<'I 'r-g<!<jg ' ] fi !rd~, su<.li as <  <.ur in N< rway and the VaciIi<. Northw  st, are

'C<»>lribuiion No. 421 from the Ch» sapeaI< . BioIogieal Laboratory. The Senior author is
I!ir<   l»r <>f tI» L«b»»r«<ory «»d the e <.r>nd author is « Itesearch Associate.

"I!  i'<uili »   !I' llr. 11 >«udd 'A. I'rii hard.
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Figure I

one kind oI' < st«ary  Fig. 2!. Earthquakes, land shifts anrl other violent actions
creat~ d estuaries such as San Francisco Bay. Barrier beaches have slowly
developed to «nclosc Biscayne Bay in Florida and the lagoon behind Acean City,
Maryland  Fig. 3!, «nd scores of cornparabI» coastal lagoons, «ski< cially along the
 gulf  :oast. Some estuaries contain a mixture ol' oceanic and land-sourccd water
hut are not easily classified, such as thr area in Florida around 'I'en Thousand
Islands and at  ..apc Sable.

SOIVIE PH YSICA L, CHEhllICAL AND GEOLOGICAL
CHAR ACTE R I STI CS

TI>c ri ar» however characteristics which appear to be common to many
estuaries. As shown by a section along the center of a simplified model  Fig. 4!,
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Figure 5
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Figure 0

th< r< is fresh water at the riv<.r end, oc<.ani< conditions at th». other, with the
n>ixing syst<rn called th<»stuary located b».tween. The river influen«:. nlay
«riginat< far inland, an<i th«oc<'anic infiu»<r<ce may d< rive far beyond th»'.
«anti<«ntal sh< lf  Vig. 5! or the «dg«<~f the <il><.n s»<a.

ln rn<ist < st«ari< s, th< rc is a y adient in salt content from high values of 30 to
:l.< i<arts of salt i«'r th<!<<~<<d parts ol wat<',r at th» ocean cn»l to x<'ro salinity at
tl«riv<'r <'n<l. Is<>l<ali«<' lin<'s foll<!wing th<' sam«. sa!i!<ity value, however, do not
«s«;<lli ru«straiI;ht a< r<»is th«st«ary. Th«.arth's rotati«r«auscs these lines to

J<igl«r «r< th< right-l<an<l si<l< facing ul<str<.am in thc norther<< h<:rnislihere
 l'ig.  >! ur«l «r< th» l< ft-ban<i sid» in th< southern hemisl>her<.. Sampling also
r< v« ' I. tlat;<l <l« l«r ii.<l< rs ar< usuall> salti» r than s»rfa< «wat»rs and that the».bb
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an«l A<iw «if the tid< carry the is«ihaliries ul> arid «l<iwr> th« stuart'  Fig. r !. These
lines «>f iiniform salt content are also driv< n d«>wr>str<'am wheii tli<' river Aow is
high aiid upstream during th<. perio«ls of low Aow froin the land. !i»ce. high-Aow
runoff is «iften several hundred times as great as low-Aow ru»off, seasonal
salinity variation may be very large at one locatioii.

Many of the coastal plain < st»aries cori taiii a two-lay< red system of
circulation which is of unique irnportaiice to th«sl>«ci«s whicli live there. This
circulation pattern is the result «if the. intrusioii «if heavier salt water from the
ocean »rider less saline and lighter wat«.r from th» river. Particles of water near
the surfac«underg«> a net downstream moveme>it, whereas wat<.r particles near
the bottom arc carried toward the upper end «>f the. system  I'ig. 8!. This creates
a stratified syst«m, with a distinetiv< cstuaririe pattern of circulation  Fig. 9!
that results in transportation of «>rganisms in the. surface water toward the sea
an«l of organisnis in th< l>«itt<>m wat< r t«>ward th«river.

Th« t«ital quantity «if water A«>wing past each point of land increases
enorrno»sly t«>war«l tli«ic< «n, ln a diagrammatic representation to suggest the
incr«.as<, II< <ari «iiial the Aow from the river and the quantity at various
1<>cati<ins n>a> l>< sli<iwri iii niultiples of R  Fig. 10!. It is clear that far greater
voliiin< «>I' riv< r wat«.r ar«. available for dilution of wastes  if that is desired! in
tli< s< awar<l l>ortion of the estuary.

l1iv< r wat< r <:ontains sediments which are washed down from the river or
< r<i«l«;d fr«iin thc shore. The constant input of this sobd material eventuaHy fiHs
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Figure 12

<.ach basin or builds a delta out into the s<.a. In large estuari<.s, tl>c highest
conc<.ntration of susp<.nded sedim<.nt is usually found i<> the low sali»ity I>ortion
 I'ig. I l!. This is where fl<>cculation occ»rs, where th<. broadening of th<. bay
I><'rrnits sediment to settle, and wl>crc currer>ts from wind and waves fr«.' luently
resuspe»d and rerlistribute sediments. Pcrman<;nt accumulation ocr»rs in tl><
deeper charm<'.Is  Fig. 12!, where cotnpact d<'l><>sits of fin<. I>articles may b<. ov<.r
a hundred I'eet deep, The sediments absorb many <,h<.rnicals and r< >n<>ve them
from the wat<.r <>nless dredging <>r stirring rcl< as< s th<>n or bi<>I<>gical activity
removes thc ch<.micals from thc deposit.

Physically, estuaries ar<'. influence l>rin<.il>ally by variations in riv< r flow,
density dil'fcrences betw«..n water mass< s, tidal mov< n>ants, th< physi<.al shape
of the basin, the <.arth's rotation, and friction. 0«;.aus< th< i ar< r< lativ< lv
shallow, estuaries ar< more affect<.d than th< ol><» s<.> l>y win<I. changes in air
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temperalurc, and sunlight. Man's effects iin thc physical parameti.rs are rapidly
increasing. Flow rates, temperatures a»d vcrlical stratification all chang~
seasonally', also, lhere are short-term variatioris in all physical coriditions.

The chemical composition of estuarine wati.r at one site is usually the
quantitative resultant of the mixture of seawater  with slabtc inorganic ratios
and more variable organic components! with land-sourced waler  chcmicalfy
related to the river basin!. The form and chemical activity of elements and
compounds in estuaries are only partially understood.  ;hcmicals may enter
physical association with the abundant sills 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 substar>ces
as nutrient salts from trealed scwagc, trac» metals or other i:iimpounds from
industrial wasti., pesticides, or other materials from specific poirils o ' origin, will
produce patterns which are not the sirriple resultants of admixture of ocean and
river water.

All of these geological, physical, and chemical [iatterns create thc i,'nviron-
rnent of the liviirg organisms which are so frequently abundant in estuaries. They
produce a dynamic, variable, and highly stressful «nvironmi.nt for life, and they
have many important effects on the selection arid aliundancc of successful Ii4irt
and animal species.

THE 8 IOLOGICA L PATTE R NS

Bacteria are ubiquilous and abundant in estuaries Many surfaces and lhi;
water mass itself are rich in bacterial flora. As "lil.tli Iiags of errzyrrrc~" llu y ari
important to many chemical cycling and rccycling processes. They are also
important to the health of rsluarini. species and peopIe and thi,ri; is urgent riced
for increased compri.hcnsion of their roles in estuaries.

The only food factiirics iri estuaries, as on thi. ri.'st of the earth, are planLs.
They use nutrii.nts and carborr dioxide in thc phiilosynthetic processes tii crcalc
organic materials. Drifting one-celled or colonial Iihytoplanktori are frerluentty
present in quantitics of millions of organisms pcr liter of water. Measurenrent of
phytoplankton and of its rates of production are riot easy; lhi;ri;fori., usc is made
of indirect techniques such as comparing oxygen producliorr in light and dark
bottles placed in stable ciindilions of temperature and light fair fixi.il pi.riods iif
limi...iuch studies show that phyliiplanklorr, in surnrni r, is ofli.ri rniisl di.nsi.
near lhc surl'aci. and in thi; low salinity ari.as  Fig. 13!. In winter, the crop is
smaller ariil rri iirc uniform Iy distributed  Fig. 14!, }iu t fiiiid production
con tin u es.

Plankloriic plants arc lhc iirily irnpi!riant Iilants in thi. open si:a, but the.
rooted aqrratic plants are iif i;normous importarice iri lhc shallow wali rs of
estuaries at tire edge of lhc lanil. Thcsi. form two kirids ol' commuiritir s--
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g<vled
gquatie;-

b'ig are 1.'i

srrbmr rgr rI hr ds and marshr s  Fig» I,>!. S<rhsurfacr roote d Iila»Li  in which the
fo !t ' is rrror< a< < rrrati Iy called a holrI-fast! eaptrrri rurtrie»ti whieIr are l»rilt

i»to plant tiisu< i <Ilrrirlg tlrcir gre>wirig ieason. I'hese beds arr cxcelle nt habitats
frrr many I'ish, crrrstacca a»el otlur spr eiei. Iri temlrrratr climatei, theie br ds rlie
Iracl during tall ar»1 wi»tr.r, ri lea.-irrg <irga»ic dctritu». Filrrls e!r bcd» of algae eirl
the I!<>ttonr ar«somr times highly produe tive,

%'Iarslrlarrds  Fig. 1 !! vary, e specially in relatio» to salinity, thc availa!rle
sulrstrati . anrl lorlgitude. I ece rlt rc.sr ar«h has Irclpr d to r.larifi tlrcir conrplex arul
»niqrre roles iri r oastaI s>strms, I/ricfly, they are organic laetorir.s, traI>s for
sedirncrlts, resr rvoirs 1'or»utrierits and other chemicals, a»d thr Iiroductivc arid
 'rsr ntial halritat for a large nunrber of invrrtehrates, fish, rcptili», birdi arid
mamnxals. Arrr»ral plant growth and decay, Iiroviding corltirluing large'  luarrtities
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«lf «irgani«detritus, is ont. of the major «ompont nts of the cycling of nutrients in
tel u aries.

A portion of the plant mat«'.rial is «.onsurn»d by animals. The zooplankton
inclu«lt s abundant copepods, shrimplik» sp«cies  Fig. 17!, larvae of almost all of
the animals which liv» in»stuarics  Fig. 18!, jellyfishes, and other drifting
t«p«ci«s. Many of these consume phytoplankton or browse on larger plants, but
tt«lni« ingc~t detritlis, strip off the bactt.rial film which has deve.loped, and
t.vat uatt the' d« tritus to act again as a substrate. Zooplankters, like all other
«stuarin« till«'.«.it.s, reveal behavioral patt«.ms which perinit tht rn to be. successful
in th« t'lit «'.ific I nvir«inin«nt of tht I stuary. A diurnal migration cycle has b»«n
«ths«rvt «l in nlally sp«'.«:i»s  Fig. I«!!. I » th«ocean, this would involve only vertical
ni«wt'nit'nt. ln tht' wat»r clrculatt«>tl patt«'.rn «lf a two-Iay«'.red es'tuary  Fig. 8!,
l«lwt'vt'r, tllitt vt'rti«al mov«'.ment trar»lat«s into upbay movement during tht day,
an«l «l«lwnliay transport at night - r«.suiting in a roughly circular motion which
rt tains lilt' spt « it s nt ar its «tptimal salinity rang«;. Other interesting mechanismr
art knt two tti t xist which prt;vt'.nl ?Oolilankton populations from being washed
«lilt ttl st a, and th«rt ar» probably un«lisrov«red adaptations which assist the
sl It' 'lt's,

'l'l« lltitt«>rn slit «.it s, »oil«'ctivt ly «;allcd the benthos, are usually more
Il»»i«hint ln«f I,«liuablt in I t luarit s tha» in frt sh water «lr the ocean. The sp«cies
II't l«i~ Ill > t livt rit', irit hl«lin«ninny «inn« li«l Wor«ns, a Variety Of Cruatae«'.a,
Iit tlhlit'i, 'II}tl »,. t>t i;Ilt tl fill« atl«l inst rtt lir;ltt s. Many ft.t'.d by VariOuS filtering
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t!rr!ci sacs, and t1!is i i!!!li!!linus rt n!<>i at of' t!hy tot!lankti rs and other food
t!artiCles is an i ffi CliV< tratitiirlg <! f llulri» lllS fli!w i!!g thrOugb the eStuary,

Tile rich sheIIfish 1ii ds <!f C1!i satii ak< Ik'!y a!ld many  !ther hays on all coasts
ari vivid l xan!f!t< s of I at!tl!ri d li!i� ir!c~!rf»!rated into sessile and harvestabie
anin!aIs. Sh!.llfisl! 1!i ds are wide.f> iti~t!i rsi 	 in estuaries, with «ach species in its
 !Wf! Optimal ha1iitat. < t >st! r. of' Vari'!ua it!cCieS are fOund Orl ajl COaStS Of the
United !tates, bul sr veral iif thl most. SuccesSful SpeCies OCCur only in eStuarine
i nvirc!nlncnts.,ii!ft-il!! II «h!n!s arr more northern in distribution and range from
low to higt! salinitics. Sc!n«c of th» densest c1arn beds are in the Chesapeake, near
the southern i dp' of ti!! ir range  Fig. 20!. The bottom sediments of many
estuarine areas contaill a varied and abundant mixture of species which is
ri vealed only 1!v si  ving and washing  Fig. 21!.
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Along the length of the cstiiary, thc b< rifhi<. li<iliiilaI.io»s rang< t'r<im fr< sli to
rnarinc environmerits, bul the d<..»seat beds ar< often»ear the c< nter of I]i<.
system. Each community is complex  Fig. 22! a»d greatly affected by the
surrounding biologica! coinmunity aud abiotic envir<inmental conditions. The
oyster, for instance, is notable for its ability to to!crate high sediment
cciiicentrations, temperatun variations from near freeziiig to summer heat, and
saiinities from about five parts pcr thousand to oc< anic corici »tratioris, The real
cii<'trib»tion of' oysters, however, is freque»t!y controlled by three factors. The
upstream limit is set by the maximum fiow of' fresh water from the river. Thc
downstream limit is set by predators and parasites  boring snails, starfish, fish,
arid microscoliic cirganisms! which occur only in high sa!i»ities. its lateral sprear!
i~ !iniit< d by the too-soft sediments of many channc!s, so that the oyster  and
<it!i<r rnolliiscs! are most ahii»dant on the shoa!, firm chaiiiie! shoulc!ers  !'ig.

Th< s<.ssi!e ti<»t!iir. estuarini. species possess unique advantages and offer some
c>f the great< st opportunitics for aquaculture. They occur close lo shore and ar<
aux < ssiblc, they are sessile and can b<. owned by thc culturist, and they have high
<:c>inmercial value. Vspecia!!y significant is the fact that they feed very near thc
bc/i»ning of th< f'ood chaiii, wliere the quaritities of available food are greatest,
~ <c>rn< sy«:i< s <aii also be rear«<l iri !iat<'h<'ri<'~, making iI. possibl<. to breed
siili< rior straiiis for f'ast «row Ili <ir <ithc r d< sirahl<' «!iaracb.ristics.

l'li< aqiiati«sfi< «i< s whicli < aii swini fast<'r t!<an usual water c»rrcnts, and can
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therefore control their distribiition and movements, are called nekton. Most of
these are fish, and most of the valuabh coastal sp»cics are totally or partially
dependcnl. upoii the estuari»s. Sorru fish are herbivores, feeding on microscopic
plants by filtration or or! larger plants.  !thers ar» carnivor»s, which catch smaller
animals. Some of the finest game fish are super-carnivorcs, pursuing arid
capturing other fish. Most species, in fact, change their feeding habits drastically
as they grow from tiny larvae to post-larvae to juveniles lo 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 estuarin» waters in
sev»ral different ways, and typical species illustrate. those uses.

The striped bass is one of the great estuarine species of the world, providing
cxcelle»t fishing for both food and pleasure. In many bays and rivers, it spawns
near thi interfacr of fr»sh and low salinity water Fig. 24!.  Some move farther
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Figure 24

into rivers. and a fcw striped bass populations are adapted to fresh water.! In the
estuary, the eggs and larvae drift downstream  past thc area of heaviest silt! and
the developing fish feed throughout the system until they reach maturity and
repeat the cycle. There arc several subpatterns, involving movcmcnt 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 estuaries by human waste disposal may have
been beneficial to this species. The white perch, a member of thc same family of
fishes, follows a similar pattern  Fig. 25!, except that populations do not range
as far in thc large estuarine systems. Both of thcs«, are semi-anadromous fish,
which move from saline water to, or almost to, fresh 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 brows«, 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 incredibl>
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 thc species, or the life
cyc'le will be broken. The homing instinct is almost certainly guided by
extremely small quantitics of chemical substances in thc water. Therefore, it is
conceivable that onc or morc of the many. exotic chemicals now seeping and



33
The BioIoIIy of the Estuary

hLARIHfESTUARINEFRESHWATER

I'ignore 25

FRESkVCLTER ESTUARINE

Figure 26



Morning Session

Figure 27

dripping into estuaries may interfere with the delicate sensory syst»ms or
mislead or confuse the fish on their urgent migration to the spawning gn>unds.
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 plarikton-rich low salinity area  Fig. 27!. Several
members of the drum family, the menhaden, and other species use thc 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 thc abundant
l>iological crops that occur there  Fig. 28!. In fact, most oceanic species
»>ecasionally enter estuaries, and some undertake regular seasonal feeding forays
into them.

All of tliese patterns of use exist simultaneously as each species follows its
»>wn s».asonal sequence. The resulting complexity of movement  Fig. 29! may
include the regular or occasional presence of up to several hundred species. Many
»>f these species are dependent both on the estuary, itself, and upon availability
<><» lear> wat»'r ai>d a favarabl» environment in all of the areas they utilize.

Tb» l<>w salinity l>ortic>n»>f many estuaries is a region of exceptional value to
<i-h. 'l'l>i. r» i.'ion r» e» ives 1"i~b» l:gs, larva», and young from freshwater spawners,
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~ mi-anadromous and anadrom ous l'ish, estuarine spawners, and some of those
that spawn in the lower estuary or ocean  Fig. 30!. This region there fore
becomes a resource of uniqur importance. Its high value is not obvious, however,
since these stages 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

diversity and abundance of young fish and their food. These rich fish
nurse ri es that are the estuaries merit special care and protection; i t is a
tl~reate ning coincidence that many cities are located near these regions close to
th«head of navigable deep water.

Thc species which have successfully adapted to estuarine circumstances are
Hot numerous in comparison with tropical or oceanic species. When they ar» well
ada pte~l, however, they are often «xceptionally abundant. With in the groups
bri~ fly d i~ nssed, copcpods, jellyfishes, oysters, clams, worms, striped bass.
wh i tc perch, anchovies, herring, and ma ny others provide examples of
remarkably leigh population densities.

Among those species which are exceptionally weH fitted for the estuarine
i »v i' i»m en t is tlute hiu~ crab, which spawns near the ocean to produce
/ilanktoiiic znca larva<  Vig. 32!. The rnegalops, or second stage larva, settles to

lint t»n> a»d siihsi ~l »a nt post-larval stages are wid«ly dispersed l>y
~~/>>  r«pill ll« 'fiwat~ r <b if . 'l'ln juvi »il«crabs s«mi-hibernate during cold weather
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Figure 32
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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
douinstream 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 continent 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 ol' thc rich biological systems involved can assist rational and effective
efforts to live in enduring harmony with thc complex and sensitive ecosystems
of these valuable but vulnerable bodies of water,
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THE TEXAS WATER PLAN
AND ITS EFFECT ON
ESTUARIES
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Th« 'f'<.xas Water Plan  Fig. I! is a c<inif>fcx, ff< xibl< guide for fo»g-rang<'
<J< v<'.f<!pm<<at of waI< r resourc s to rn<.ct th< n«<;ds for wat<'r thr<>ugho«t T«xas
for alf piirfioses through 2IPO.

Tfi< T xas Wat<r System is that part of th«T<xas IVatcr Pla» comprising
r< «'rv<>irs, canals, pipefincs, distribution facilitics, purnpi«g stations, ctc.. which
will b<'. necessary to rnovr and manag< water rcs nirc«s of basiiis in 'I' 'xas with
i<it< rim <ir long-tcrln surpliis< s, lo provid<' for intrabasiii <re<'ds, t i niak< s»rplus<'s
availafil< f<ir conv< yauc< tu areas of defi<.i«iicy, and t<i f>r<ivi<f< for and manag<
wat< r imfi irt«f fr<im out of itat<..

'l'h< Slat<' has  '.<uiclu !cd that if its «'.o<!<<my is to ti< maiiitairi«f and < ontiiili<'
t<i <'xf«i<id it is <ss< iitiaf to <nake th< fi<st <is< of avaifabf< wat r f<ir <»u»irif<al
;<ri<f ii«f<istrial <is< s, irrigat«f agri< uftur<, nii«iiig, r«r< ati<~r> aii<f otlirr < ss«iitial
<<s<'s,

'I'f!«i, |le< I <x;» !Val<r f!<'v<f<!firn«»t B !ar<f first d<fi<i<d long-ra»g< requir<-
<ii< rils l<>r wal< r i<i aff l!arts  !f th< State, a<< f wat< r r<.sourc«s in th< Stat< wfiirfi
«»if<I fi«<fifiI«f t<i iii« t tli< s< r«<l»ir< m<rits. lt s»<iii b< am<' apf>aNiit tliat if'
ff« 'I'< w'<. Ii<>f«<l <ti «<  '<!ritiii<i<  I t ! gr<iw an<I its «':<iiiorny t<> < xf!arid at th«
fir< s< i<  r«t< . wat< r siii>f>li< s wilfiin tli< Stat< w<iul f 11<!'t b<' a<f«'f<1at<' t<i rue< t t}i<.
fir«j« f«f ri«<f, <»< r tli«i<'xt .>I! i< ars. Th< Ik<!ar<f <'«<!cf « fi'd tf<at wat<'r fron<
i>«l <>I',+I,'<I< ii<I<~t I» «f<ta <<i<'<f. <<<<I s<'v<'raf alt<'r»ativ<'s w«r<' i.'xan!i»< Q. The
«<!»<'fn. il< I<I w 'I. i'«'«'li<'<I tfi<<l i<<rfrf<<. w;<t< r fr<<rn tl« low< r Mis!<issippi Riv< r

40
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Figure I

apl>» ared to offer the greatest lirotnise. Th»' Texas 0'at»'.r 1'lan, th»'.r»'fore, is based
On th». a»sl!mptionS:

I. that the watt r r» s»iurccs of Texas will he fully comtnitted by 2020
'i, that 12 to 1'< million acre-I'».».t r>f surplus wat» r annually will be available

for export fro>n th». lower i">mississippi River

WATER SUPPLY AND DEMAND

Th». water suplily lir il>lcn> in Texas i» compountI»»1 1>v the. fa»'.t that atmual
suplilies vary greatly ant1 the atnount »if water flowing ir> T» xas str» am» rat>ge»
widely from cast t»i w» st, as d»i» s pr» cipitation. AI><>l>t:1/4 of th» total av»rage
alulual runoff »>»» ur.' in th»» a»t» rn I/4»il' the .itate. 1!»>rin«a s» ri»» of w» t y» ars
�940-1946! t<>tal run»ifl' averag» d al>o»t59 mil4»>n a<:r» -I'»» t antn>alii but
tlurittg a dry cycle �9,i0-19.if'!!»inly 24 million acr» -f< ct t>f run<>ff re»ulte»l

Ir> 1%>0, '1'»;xa» it>»1ustry, apicultur». and municipaliti»» used morc than 15.0
milliot> acr» -f» ct of fr»»h water, suliplied mostly hy p<>»hand water  Tamil»'. I!. It is
cstirnat»:d that with» ipulation projected to incr» ase from 9.f> million pcopl» in
1960 to 30.a nlilli»it> p».'ol!l» in 2020, together with attendar>t industrial and
agri<:tIItur» exl>a>>»it»>, Texas wit1 require more than 29,0 million acre-feet of
I'r» sli wat».r annually for municipalities, industry and agriculture. These are in
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addition to fresh water needs for mini>>g, navigation, l> >ll»li >tl
 'stlt«lies, and to replace ev«l>oration loss  s, Sine ' p' >»tl l wat 'f s tl>l>li  s are
diminishing, most ol' the future fresh wat .r n . ds rrt»st I>  s»I>Iili '- I I»
wat .r and almost half of thts will have to I>e import .d fron>  > tt of,'>ta t '-

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

t
In«ludes 13.0 million acre-fe  t  >f surfar  water needed frotn out of state.

2 I'artial replacement for   I>strean> divisior s; not total estuarine fresh wat«t r«quirements.

Source.' Publication, "The Texas Water Plan," by the Texas Water [!eveloprncnt Board,
Novetnber, 1968.

M» :h of the water diverted from str  ams for municipal and i»d»strial
l> lrl>os  s is r '.turn ;d to th ; str 'a»> as N '.Wage and in i»atrial waste. Part of thc
wat  r tts«d f' or irrigati ut also r  turns to str .ams or «stuari  s as agriculture return
flows c >ntaining fertilizers, p«sticid  s, a»d herbicides.

hf j»icip«I and industrial ret  rn A >ws now total «l> >»t O.I3 ar>d 1.3 million
« r -f   t, r sl>  :tively,   ach y ar. Ahout 0.5 million acre-f«et of th  industrial
r  t»r» fI >ws «re saline water from th«estuaries. 'l'h»s ab >»t I,f! tnillion acre-feet

 >I' I'r sh w«1 r «r  div rt d from str ;«ms, us«d, and return d t > the streams and
 st»ari . as  I >nt .sti  s wap and industrial waste. Th '.r  is little if any
i»f' >rtt>atior«>n th  qu«tttity an l quality ol «gricultural return flows.

AI o >st,'30 I> r .  t>t  >f all mur>icipal and industrial return flows d  rived from
fr  sh wat .r  >riginal  i» tlt  II >»eton area an l ut >st is discharg d into  galveston
Iles. A rt a l liti > >el I .> I> .r : »t  >f th '. r 'turn flows originat ' in l!alias-Vort 5'orth

' ls > r» a  lt Iialv  st >» I3  y via tl>«Trinity River. IHunicil>aI «nd ir>dust,rial
r  ti>r» ll >w.  vill i   :r a.  tr 'tn »d >»sly, with 30.a million pr >pl . i» Texas,
 «.«.I>in '»i  '. i r>»>te l f> I n>illi >» acr -f   t l>cr year l>y 020. Mu h  >f this wast 

will r » l> [I>   . t»;tri .. 'I'I>  a»> > »>t of futur ' ap'icu!turai n turn fl >wsi.
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I i< ii Iw «<! 4 « I» I I ii <»il I b«< ul+Hl<'rabI ! Irr<'uter w } tl } cx li'l «<lci] irrii~at i<i<i. Tlie
 '. ti«iaido <I an»»»it <>f niu«i<:ilial a«<I i«<Iustrial ri tiirri t'I<iw, «<i~ r~ a<hi<i~« tli<
estuarii.-. a«<I Il<iw.- cxl» < t«1 lii '  !' !, ar< sh<iwii it> 'I'al!lc '.

Table 2. Fstimated Change in Annual M unicipal atid
industrial Return Flows to the Texas F-stuaries
 Millions of Acre-Feet!

Futur< rrturn flows estimated to 20l0 <inly.

Source: Ifistor<c;<nd Sabine Lake 2010 from the Bureau <il'
Reel am ation

Future, excluding Sabine Lake, from the Texas Waler
Developinent Board report, "The Texas Water Pla»," of
November l968.

At present the Texas <.stuari<s, including Sabine lake, r<ceive «» «v<.rag» <if
2ti�i millioii acre-fe< t of fr<ah water fr<im major tributary run<iff. This has varied
I!<'.tw«,''.n about 6.0 anil W..O million acre-fe<'t d< liendiiig if th<' liarticular year
was «xtr<.m<'Iy w< t <ir dry. %1u<.h <il' this wal<.r iiiust b<' cori.iil< rid as part <if
T<'xas' water requir< meiit if the < cology of its < stuari«s is <<<it t<> b» disrupted.

1» its presetit fort<i th< T< xas Water Plat> d<>es pr<>vid< f<ir coiisiderable
amciunts of fresh water for th«stiiaries to liartially replace that which will be
diverted liy local upstream d<.v< lopmenLs. In fact,, abo<>t '2.4o niiHion acre-f~ < t
wouM b< deliv< red to th<. estuaries each year. I will discuss this asp<ct ot th<
Texas Water Plan later. First, however, I woiild like t<i a«: luaint y<iii witt> tlic
maj<ir features of the Texas Water System.

Virtually all of thc information and statistics I am presenting was obtain< d
fr<irn publicatioiis of the Texas Water Development Board and from records,
r<.ports, and publicati<>ns of the Bur<au of Reclamation, IJnited States Fish and
Wildlif< Sirvie<, and Texas Parks and Wildlife Department  cf.  general Source
Rel< rences, foIlowing Conclusion! pertaining to the earlier Texas Basins Project.
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The latter has been incorporated virtually intact irito ilr< l>l »i I'<>r tl«< Texas
Water System.

DESCRIPTION OF THE PROJECT

will not attempt to discuss irrland areas which might be modified
infI» <need by the Texas Water System as this is rr >t thr p<irp r e of thi»
symposium. Kv n so, I can at best dis .uss only sum   >f tli< liighliglrt» of the
T '.xas Wat '.r Syst .rn as it relates to estiaari... It would tak  y<.ars of stirdy by a
large group of specialists and many days of discussion t >  Ies :rib< all of the
ramifications and impacts  il' this proposed «yst< r»  !rr ttie < stuari<'.i and tIreir
ass >ciat 'd fish and wildlife resources.

Thc coastal area which would b . influcnc<.d I» th  T<xa» Wat«r System
includes all of the estuari .s, coastal lagoo»s, and brackish a»d salt marshes in
l, iuisiana and Texas. They total about 9.6 million acr  s.

Texas presently has existirig or under roristruction 357 r .servoirs of 5,000
acre-fcet or larg .r capacity; thc total combined conservation storag . ii 28-6
million acre-feet. Tlie T<.xas Water I'lan prol>oies 67 additional rnaj >r storage or
r '.gulating reserv iirs with cunservatiuri storage  >f 32. l million a 'r<.-feet.
I lllndlcds of mil :  of canals and I>ipelrries would be rcq<iired. Th ' ac trial length
of surh cnnveyanc ' facilities is not kriown b . au» . firial alignmerits are not
d  finite. In any  .vent, waters from  .ast Texas would have to be lifted 2,700 feet
to thc terminus in the high plains. This would require about S million kilowatts
ot' electrical energy annually for pumping. When fully operational, the T 'xa»
Water Syst .m would require almost 7 million kilowatt-Iiours <>f el«ctrical energy
 'ach y .ar, or 37 percent of the present generating capa :it> <>f tire  ,ntire State.
Thii dues not include the   nergy which would be required t<> p»mp Mississippi
Riv<;r waters to Texas.

'I'hc physical facilities of reservoirs and conveyance chariri 'ls, pipelirie, etc.,
  in«I>rising the Texas Water System are group d into  I! tire Trans-Texas
l!ivi i >r«, P! th .  ;oasta! Division, �! th . Vastern l!ivisiori,  »id �! th  Interstate
.3Vs t<'Tn  I' lg. 2!.

Trans-Texas Oivision

Th  'I'r«r»-'I'< xai l!ivisiur« includes the storage and r gulating reservoirs arr8
int  r   >nri«.tirig <  >rid<«it» and p<rmping plants iri th< northeast T 'xas river basins,

'I'ra<ii-'I'< xai  .'arral. arid th  t .rminal reservoirs and water distribrrtiorr

, <«,»t  rrii iri w<»t T 'xai, tli<' l>ariharidlc and  aslerii New Mexico,
Tlr< Tra««s-'I' 'xai 1!ix iii >ri w<><rid supl>ly water for all muriicipal, industrial,

;«r«l irri«.«ti<>i< r<  l«rir  rr«  r<t» ir«r«!rtIr 'ast T<'xa» arid the 1!alias-Fort Worth area. It
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Figure 2. Schematic Diagram of the Texas Voter Pfan's ilfajor Focilitr'es and the Texas
Latuories.

wo rM di liver water through th  Trarr»-I ;xa»  .'.arral to n rrth c .rrtral Texas, th 
high l>lairs, arrd east rn New Klr xi  r an� l>y pip .lirr» from the hinh plains t r
west T .xas.

Water t ! be trarr~lrnrtr 3 thr rugh the 1'raus-Ti xas  ,anal in l rd ».

About 8.4 rnilhon acre-feet of this total would be
supplied from the Mississippi River.
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The Trans-Texas Division is far rent !vrd from the coast and coubl n<>t b<;
expected to effect estuaries directly except that it would carry considerabl»
volumes of wat<.r which otherwise would reach the csl.uarirs.

The Eastern Division

The Vasterrr Division includes the conveyance tacilities, regulating reservoirs
and pumping facilities in easter ! Texas to mov<; imported water from the
Mississippi River north to th» Trans-Texas Division and south to the Coastal
Divisior! as r ; luircd. Since final decision has not been reached as to where
imported waters  if any! worrld reach Texas, the plan for the Eastern Divisior!
r<.mairrs flexibl«. .nough to accommodate cith<.r southern, northern, or mid-state
d<'I lverv.

The Coastal Division

The C<>astalDivision is compris».d of the Coastal Canal with storage ar!d
rrgulating reservoirs, storage ar!d conveyance facilities r .quired to supply wat»'.r
to th». city of Ho !stot!, a»d div»'rsi !n, storage arid cor!veyanc<'. facilitics to supply
irrigation waters to the southwrst and Rio C>rande Valley. Thc Coastal Divisi<>n
wo rid 1!r !vid<', water for murricipal ar!d industrial uses, irrigation, the estrrari» s,
and wiMlife refuges as follows:

1
Docs not include water for Houston and San

Antonio which can br provided from several sour<ra.

Ab<>ut 4.1 milli<>n acr<.-fr<.t »>f water for tlr< Coastal Division w<>uld b<.

suppli .'d by thc Mississippi Riv< r.
The Coastal Canal would paralh 1 tire coast from Ihr Sabi»»; River of easter»

Texas to the lower Rio  :ra»dc Vail»;y, a distance ol' ab<>ut 400 miles. The
aligrrm»'r!l. is similar to that propos '.d by th<. Bureau of Rerlarnati !n I'or the
T<.xas Basirrs 1'rojr<.t.
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Tl,e  ;<!;!. t;!I  ; anal wouM div»'rt »urlilus water fr im onli thr i' riv r ha»i».
nd N 'eh! s Iliv r. that flow i»lo th  Sabi

I,al,-< estuary, a!«l th»' ta»adalup ' River that is a tributarv to Sa» A»ti!»i i Bav.
Qaat r would not b» divi'rted by the Coastal  ",a!!aI from tl!i othi r»!aj !r river,-
wh!eh t»farl»i»at  in th» i st!iarie». 1»stead, the w at» r of these riv  r:, whi< h i»eludi

'I'li»ity, Sa» I a<.i»to, Brazos, Colorado. Lavaco and N avid;«I, Nlissio»,
Aransas a»d Nu» c es, would b» developed, divert d a»d used hy 1» al interi sb' ~!
that f}ows r achi»g th» estuaries nol«th 'I '.ss w i!lld be redu 'i'd i» quantiti an l

Tl!e Coast ll I!ivisio» through the  'oestal  : anal woul l a»gn!i'»t fr '»I!wat 'r
gows to   alv»'»to», Mat'igol'da, Al'ansas a»d  .<!rpu»   hrlst'I  '»t!l 'Iri 's t ! I!a! tiall  
n'plaei local diversions and to Sa» Antoni<i I ay t i relila< i  in p !rt! divert»<I
proj   t flows from the. f!uadaI»I!< Riv r.

The Interstate System

The It! tcrstate System includ s the faeilitic s . 1«h a» < ar!at», ri pilali»«
stn! .turns, siphon&, and pumps to Novi' I -I3»litli<!» acr»'-fi ~ i t i!f wati'r i'a 'h
v ar fr<!m the Mississippi River to 'I'cxa». Many ri!»t » an ti» in«ii!»si liri l I»!t
r!nal selection must await a deter!»inatio» that »urplu; water, ari i»diid pris »t
in th . Mississippi Riv» r for  xl!ort. Studies n<!w an 1!n l r wa  whi< h»h i»td
settli this  II!estio». In a»y»»v» nt, th , 'rout  which is ri e  ivi»g thi' »lost att '»ll !»
is  ini which essentially would f<ill<!w thi tautf l»traeoastal Ideal  rway
i»ti;rsi ct thc Mississipiii River below Ni w t!rl» an».

Rages of Construction

I'r<.r»<I»isit . t ! <o»»tr!!<.ti !» of a»y c il!vi yani.i  !»it wc>»I<I l!avi t i !ii tl«
ass»rane» that o!!t iit Stat  wat r is availal!li f ir 'I'i xa». '1'I!i» is ali»i!luti ty
 '.»s '.»tiaI to avoid exl!i»dit !r»' <!f hug  s»ms»t mo»» y  !»Iy to i » I »I! with a dry
 lit<.h.

After !ml!orl<.d water s»pplics havi bi i 11 ax»ur  l, the 'I'i xa» '5' !t r It<vili!I!-
 » 'nt Ikoard has Iirop is» d that »chid»l» s fiir»ti!<ty, a!!th<irir.!tii»1,  ia ~ig», a» I
c !n»trui tii»1  !f thi 'I'i xas %at! r .iistil» a»il I»tirstati ~>»tin! tin!ii'i d «i
I  !H ! w»'.

I. I' .'asibility stu lii s cc»npleti  I Iiv th». i nd <!I 197 I
Au thorlzatlc!» for  '.oust! uct toll by Bl!d-1974
Yu»ding for dc.sig» i» Iat  l974

4.  . !NI!l ;ti. th ' d»'s!gn fol' th '  ,oastal I!iviaaon ln »lid- I 976
 .' !»II!I ;t  the design for th  Trans-Texas Division in mid- t977

6.  :or»piete the di sign for the Interstate System in rnid- l98�
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Timing of these developments w<>uld b» < ritieal, 1>artie<>1«rly f«>r tl>< high
plains where ground water sul>l>lies for irrigation will b<' «>onsiderabl! red»< ed by
1985.

Construction would start in<mediately after corn pl« ti»>n of design so thc first
delivery of water through the Coastal Carral to the Rio <'rand<' Valley wou1d
occur in 1980; delivery of water from northeast Texas through the Trans-Texas
Canal to the high plains would be achiev<.d irr I 985; and lrrst del ivery of
Mississippi River water through the Coastal and Trans-Texas Canals would be
expected in 1988.

Thc T«'.xas %«ter Plan is th<. largest, most complex and c<>stly water plan ever
e<mceived. I stimated total cost, exelrrsiv< «>f 1<>cal irrigatron distributiorr systems
based on 1967 pricn, is «bout $10 billion. l.ocal irrigation distribution systems
would cost ab<>ut $250-$300 per acr« . Thc State p«>rtion of the estimated $10
billion cost would be. about $3 billion. At 3Iz percent discount rate it would cost
«b<>ut $1 20 million irr capital costs to supply 2.45 million acre-feet of
rel>la< emcnt water lo th< Texas < ><tuari».s. This is abo<rt 1.2 percent of the total
«'.<>>»t <>f the 'I'<'xas Rat»'r I'lan � a r<.al bargain.

FISHER IES RESOURCES

A sigrrificarrt part of th<.. Or>it< d States commercial fislring industry is located
i» th<'.  gulf ol' Mexic«> regi<>n. From I 950 to 1968 the r<.lative contribution of
 '<ulf larrdings t«> the t«>t«l United States commercial fisheri«'s harv<'.st rose fr<>m
12 t<> 31 percent. Thc  gulf of l!exico in I 968 contributed 1.3 billion pounds of
I'isl > and sir «II fish, worth $ I 25> milli<>n to th<. fish<.rm «rr . Most of this harv est
«.<>nsistcd «>f sp«< i«'s de 1>ender>t orr».'stuari»'s.

«.<>«alai «rea 1<> b»' in fir« r>c< <I l>y th< T< xas Water Plan  l,ouisiar>a and
'I'»'x<<s! in 19 N c<>ntribu t»'<I 22 I>» rc< nt «>f tl}< t >t«1 volrrmc of 4. I billion pounds
of I'ish ar>d ah< llfish caught by Urritcd stat»'s Irsh» rmen. This catch contributed
Ill I>< r« nt <>f tire t<>tal income t<> <>ur fishermen  Table 3!.

Virl.>rally th». «r>tir» eat<.h from l,ouisia»a arid Texas is eompris< d of species
d<'I><'r><l<'>rt <>r> < st<rari«s. Sp< ei«s < «>rrtributing lo this c<>mmcrcial harv< st include
tlr» br<>wr>, wlrit» ar>«I I>ir<k shrinrl>s, me<<baden, sp<>t. Atlantic croaker, striped
mullet, bi«< h»Ir»>rr> «rrd r< d drum. All of th< s<. sp  cies sl>awn in the Gulf of
i'8» xic<>, l>ut th» ir y<><>r>g rnov»' irrto the <.stu«ri< s to complet<' their juvenile
pm<>wth b» f <>r< r< t rrrr>irrg t<> tlr«' <x <'«>r. I I tlr«'r sp<'ci<.s which corr tribute signifi-
carrtly t<> th« «>rrrrr>» r< i«l < «t<'lr <>I 'I'<'xas a»d 1.<><risi«r>««r» the American oyster,
« f >»'rrr>«»«'r t r«'sl«I»'ill <>I tl>«' 'st»a< i»'s, «11»I 111»' bl»r»' «'f«b arid spo't t«'d s» a trout.
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I~ ! th»! l' t11»'. »' .'p»' 'i ", � !rtt!ally sll»'iid most of th  ir liv  .. in «stuarics, but
occasi  > iia 1ly n!a'I v 'll t l r»' ii! o th ' shal 1 ! w, n 'a r-shor ' w at ',rs  ! f tll ' 'Gulf.
Without tlic «stuaririe iiursery habitat, or suitabl ' «stuarin«conditioiis, it is
doubtful if aiiy of th»'s . 'sl!  ci«s could surviv . in commercial qt!antities.

Table 3. Comparison of 1968 Commercial Fishery Catches from the
Project Area  I ouisiana and Texas! with Tota} Catches from the
Gulf of Mexico and from the United States  In Millions!

Source: Bureau of Commercial Fisheries publication, "Fisheries of the Ljtut
States � 1968," C.F.S. No. 5000.

ln addition to coinm«rcial fishing, most of th .se sam«sl> ci».s now support
abotit 1f! million man-days of sport fishing it> 1,»!uisiaiia arid T«xas, 1f liopiilati !ri
pr !jections are anywh r  n ar correct., Ih  coastal proj»»:t ar«a  E.ouisiar!a and
Texas! will b '. call 'd oii to provid«nior ' thar> 35 niillion man-days  >f sport
fishing annually by 2020.

Vvrn tltough th ' proj  rt ar  «cstuari» s and niarshcs    !i!tribute s ! riiuch to tile
t !tal Uiiit  ~ �!!t«t» s c !mm r ia1 fish»:utch. th» ir E> !t !itial to contribut«rnor» is
consider«bi ., %1any sp» cics arc ii !t ri !w being harv st  E t»> «apa»:ity «rid  !thcrs
are iiot caught at all. As the human E!opulatioiis incr . as , th«r«. will b«mor» and
morc dcinand 1'or comtiiercial fisheries products, as well as for morc fish to
support r ;creational fishing. Il. is entirely possible that tlic catch ol cstuarinc-
dependent species can be incr«as«d several-foM in T«xas and l,ouisiana if the
integrity of the estuaries and coastal rnarshcs can be maintained.
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PROJECT AREA ESTUAR lES

The  'ulf of Mexico is richly eridow<.d with < stuari< s and < oastal mar.'h< s. Th<.
ntost recent figures available indicate there ar< l 2,7 million acr<'s of <'stlial il<'s and
coastal marshes in the five States bordering th<.  gulf of K]exi ' i. Th .' ratio <if
tidal shorelitie to marsh area of 0.54 is the great«st of any coastal region iii the
United States. Two-thirds of our coastal marshes and more than I/3 of oul'
estuarine water area is located adjacent to tli '  gulf  if 4'lexlc i. It is this
treniendous area of coastal marsh and shallow <stuari< s that mak s the f'ulf of
Mexico so productive of fisheri«s resources.

The combined estuarine areas <if Loitisiaiia and T '.xas  th< lir ij«':t ar<'a!
inclurle 4.8 million acres of estuari< s arid lagoons arid 4.5 milli in arr< s  if coastal
marsh, This represents about f!H percent <if the  ntir«<stitarine a 'r<'ag«f th«
Gulf of Mexico and almost 80 pere<.nt <if its <. iastal marsh<'s. Vv 'n more
significant, the project area coiitaitis 34,0 percent of the total estuarin<' area and
55 liercent of th< coastal tnarshes of the etitire «»itigu<ius IJnit< d Sta«s Sta«"
<Ill ith <r way, Louisiana and T<.xas con tain almost  ine-third of th<' total
estuarine- .oastal rnarsli complex <if the contigiious 48 States  Tabl ' 4!-

Th<.' Project ar< a est uaries ar<.  u<i lu <- « is< i for an ith .r reasori . Th  y are
extrern<'ly shallow, being only a f< w f« t  I< «p, liav«v<.ry small tides of  »ily otic

tw<i f« t arid, f<ir the most part, ar< r< lativ< li tiirbid naturally, Tliis is b<'caus«

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  Mi%ons
of Acres!

l!u< s»<it i<i«lude 350, }00 aer»s of <u<lt-flats in T< xas.
S<>«r«':  '><if<sf .'ir <f»s ««d G«tf of Mexico from tli» F»d»ral Wat<r

l'<>lliition  ;<iiitrul Admi»i«tration's report <ai, "Th< National
l;«tuari<ir P<illulion Studv," <>f N<iv»rnber 3, 1969,
l.oui«i«>«< fro<n th» l,ouija»a Wildlife a<id Fish»ri»s
 :<»n<nissiun's  iulf <if M»xi»<i I'.stuariiu inventory Federal Aid
88 309 studv.

r.xru fni<n data d<v<lop«d by the tinited States Vi4 and
Wildlife!iervic» f<>r tli<' T«xas Basin Proj»< t.



The Texas VVater Plan and its Effect on Estuaries

of th  <I ; t i il»I» i il fril>»t!ri I'r .l! wat r r   iv d wlii«li  arry fi!! '.<dim !!ts
fro	1 lh ' i pl'n  l., 9 al 'rs <if ll! '  ' 'ntr Jt '!r!d west 'I'Il 1  'xas  'stuari<',', he!w 'y 'r,
ai' ' r 'l;!l'l%  'l'!  'I ';u' I> ' 'aus<' I!in 'b I 'ss lributiiry I'i!rl ifl.  > '«Iit's.

14 ' 'a Is<' tli ' I >roj ' ' t ai  ~a  'sti! '!I i 's c > I!tai!i I <'Iatiy 'Ii small y<!lum<'s ot water ir!
r 'L!ti >» t i ll!  ir . urfa   ar ;Is ai!d b '  aiis< li<]al   i< ha!!g  is small tI!<'y are y<'ry
susc< I>tibl  t<> li<>lli!liori and ptiysi  al alt< rati<!ii; caused by rrlan, i!!eluding
rnodifi< ati i!i  ir r  d!I  ti iii <!I' tril>utari fresh wat  r.

The l>roj 'ct !r a I sti!aries provide suitable ha!>itat f<ir riiust sp '«i .'s that
  !i!trit>ut  t >   >I!!r»e reial ari<lsport fisI! ri s. 'IIa!!   e!f tIies  sp eics r«'Iuir 
s >ni  'w I Ia t di fI <'!'<'I'I l <'liy }n > nni 'Ii tal c lnd I t! ! !is d uriri g yari ! tis stag "s of tile! I
d<'v 'I iI>n! '!ll. ~fyl!i 'al cstuari 's Ii! th<' l>i' !j<'«'t '!r 'a Ii<!ss 'ss a w<'ll- I 'fin<'0l saIii!ity
gra<Ii iit b  lw  n Ii<adwat< r an<I tiilal I>ass, 'I'b > tliiis are chara<t r!z< 3 4 a
bro  d sli  e tr»m  >f  o»diti<>iis a!id habitats lhr<!iigli<qit wliicI! niaiiy specie» «ari
b ' !i .' ' !nlr!!odat 'dq r'Iliuiy o} th 'rn s!!ii!il tan ' Hlsl'! .

14<' aniount. <lf fresh water discharging int > <>r r  aclii!ig th< estiiarics c !ntrols
th<s  coii litioiis to a v< ry large mt< nt and lit«raII ,  an he c<iusidercd the lift'
bloo<I of th  sy st .I!i. Without suffi«ierit fr 'sh wat  r, hyl> 'rsaliri  coiiditions
cley4'I<!ii Ill r 'pons of high e'ya[>oration, such as Iri s >uthw '+t I  '%as. Tli '  'stuary
th '.il 1!<'coi!! s a hyl>< rsaliiie «<!astal Ia«<>oi!, Th< I,apina X'1adr ' is si!cli a sy stern
ar!d  ; irI!us Christi  stuary fr«. I ! .I!tlat <.~hibiL» .ucli hyI! rsa]in« hara<'te rislics
I!e  ',iu» ' its I'r  sbwat< r st! ppli< s are b«ir!g re<I»cud by iil>streani d  v  l<>prncrit.

H<  Ii!etio!i of fr< sh water als<i tias a Iiroft»I!id < fl'cct <in «<>astal marslies <>I' tl!«
l>roject i!r<'a. ~alinitl '.s i!l  '. >astal L !uisiana hay« b 'e'n in 'r 'asi!lg diiri!ig r 'c<'!it
d<' iad .s, «ausing a conversion of fr .sh arid bracl ish rnarbI! to salt marsh with «n
aCcompanying acCelerated rate Of marsh erOsion, Louisiana Ii<iw is l<> isi!I e
thousands oI' acr<.s of rnarsI! < acb y  ar h>  'r<>siori. TI!is has b  c ii w  II
doc!!!n< nt d by current studies ot tjiv  ,oastal Studi s lnstitiit  ol l,e»!isiaiia
Stat< 11»iV '.raity WhOS< pr  liriiiiiary fig!!r<'S i!idi '.ate I. >i!isia!ia ii<>W is IOe>s!I!g
throu@I! < r<>sin!i m<in: thar> I0,000 acr  s of c iaslal I»arsh   ach y  ar.

I ribulary ln'sI! wat< r ale<i is   ssciitial lo assist th<   st»ari 's t« Iil!it  arid fl!ish
pollutiori int<i the o<.'«ar!. Ii! a jdition, Inany sp  'i 's d 'p 'nd on l >w 'r 'd mali!!ity
t i  'xclu<I  pr  dalors. I' 'rI!al>s niost ir!il><>rtaiit is lliat tribi! t<!r! fr< sI! water
«arri< s nulri< !its d .riv<d froni land drairiag  l i tli<   stuari  s. ib!!tri iit. Iro!n tli«
land tlien Inix with min  rais fr !!n th ' .   a, l > <'r 'at   !!i ' of lli< r!i<!st natilraII ,
l>ro<Iu 'tiy '.  '»Vlr<!f!I!ie'.!its 	1 tli ' '%<i! ld.

FRESH WATER AND THE ESTUARIES

'I'li  re li<>rt oii ll!» 'I' :xas %at r I'lan atte Iripts t i d< s«rik>  ti >w niucI! fr<sh
wat< r  .acli of th  'l'  xas < .ti!aries will roc< iy  i!i th  fi! ti!re. Totals <>f tabular data
ir!<li  at< ll!al tli '  'st!!ari  s would r .«  iv  as m»cli fr .sli wat  r i!i .� y cars as the y
d<i Ii >w, 'I'f!is, l! >w 'v  r, is rnisl  adi!i«a»d riot «>rr   t b< ca!is<:
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l. f Ji< ri fiiirt <I<i<;s r>ot <i<>nsi<}< r thi am<iii»t <>1 tril>iit,>rv lri. Ji w;itir that
w<>u}<} hi' <1<'v<1<i}i< <1 a»<1 <}iv< rl« l }>i 1<i< a! i»ti r i . ls iri iiii»iy <>f l}ii major
riv<'r4.

2. 'I'Jii' ri'li<>rl <:onsi<J 'rs onf! avera '< <1 f1<>ws, »<>t ll!i niir>iniiiiiis or
I>i ax imun>x.

:3. Th< ri li<!rt inc}u J<.s ri t»n> f}owe  s< wag< a»<J industria} wast< s!, as Jiart <>f
t}i< t<>tal fresh water su}>pfy.

4. 1}istiiri<. av< rag< voluniis riac}ii»g  ;<>r}>us  .'}>risti <xtiiary as ~»<'� in the
re}i<>rt a}r<.a<]y havi' }> '<'n [n<1»1! red<< '«.}. T}lls >nd! 4<' a J>r<>}>J<'<ll for ot}><ir
<'st»arii s as wi'll, }>«':a>is< J:3 y< ars hav«' lalis«l sin<'i' t}ii 1 ! k J-}957
li<.rio<1 of ri'<.or<} usi <1 to i sta}>}is}i histori< J>ase i'<><i<}iti<>ns.
Sa}>in<' }.ak<', thi' <'axt<'r<in!<»  <'stiiary w}iir}i r«''<'iv<'s t}li' Jarg<'st 'y<>1<>in«' >}
tri}ii>tary I'r< sh wat<'.r, was ri<il i»<;Ju<}«l i»  hi' r< liiirt.

T}>< filar> 1>r<il>< rly ini.}i><}is <Jir« t rainfall <»> i a<h i stiiarv a>i<1 < iiastaf iir loca}
<}rain»};< as liart <if t}>e ti>la} fri s}iwati'i sUJ>J>J! .

siil>}i}ii's, h<>w< vi'r, ri inaiii ri Jativ<'Jy fix<  }. TJ!< rai<> a}1 <'a<i>i<>t, }><'
i alit»ri <1 a»<} 1»i al run<>ff' < a»n<>t }>«}cv< 1<>l>«.1 «.o»<>uiica}ly. Thi' <'iti»1; of
ailllilal av<'ra1'»' I a><ifa}1 a»<} Jo<:af rii>>of 1' yofii»i< s, h<>wi v< r, on}y c !n>J>Ji<.'at<'s thi'
1>r<ib}ii»s ass<><iat«1 wit}i i xtr< ~ in<'Jy <}Iv' y<'ars, w}iiii litt}i. or rii> fr<'s}> wati'r is
r« iiyi <l fr<»n sii< }i s<iiiti <.s,

A rial J>r<>J>}< n>, Jiiiwivir, is ivii}i »t wh< ii wi «»isi<]<r t}ii. vi>lurn<s <!f
tri}»>tary Iris}i wat< r ri <iiv<<J l>y iach ist»ag asof>J><>s«'3 t<i lh<. ff<>ws i.xiii<:te<}
i>i t}ii I'iili>r<'. I'.vi ri witli tfii 2.:I,"> riiil}i<i<i ai r< -li i'.t <>f fr< s}i wat<'r w}>i<.'h t}»'
'}'i'xax Rat< r .'>yst< c» w<iiil<1 <}<livir, thi t<>tal ami>i><its r<'a<'hi»g thi' <'stuari<'.s
wi>uh} }ii <»i>< Ji r«i<i<:i <1  'l'a}>J«,>!, 'I'Jii i <>tir< w;it< r riifiiiri'meiit -wat< r su}ilily
Jiii liiri' iii i'<}i' l<i 1>< st<i<}i< <1 iri i <iiisiili ra}ilv iir< ati r <1< tail. }'<>rtu»at<'JI> tlii'. T<'xas
i%at< r }!<'v<1<iiiiiii ril f3<>ar<J is <}<>i»g j<i. t that.

}list<>ri< ally, t}ii '}'i xas i stii<uiis ri < iiv«>ri lhi av< rag< a}i<»it '  >.� milli<>i>
'<iri'-1'< i l iif tri}>i>tary fr<s}i w'itir i a<1> yi ar fr<>»>»1aj<>r str<anis  'I'afi}< 5!. As
litlli as .'>.1!»ii}fii>ii a<'r< -1'«' t, }><>w< vi r, Jias b>< i i> ri «>r<}< <1 <}uri<>~«a» i xtri mi:Jy

vi ar;i>i<} «s <»u< Ii ar >'.' »iilliiiii a<'r< -I< i t <}»ri><g a vi ry wi t v i'ar. NJ<>r<' t}>an
ha}f' <il tfiis i»J>J>}i <}is<'harp< s iril<i t}« .'>u}>i»<' }.ah<' i sti>an }ron> t}» 4a}>i»< ari<}
We<'1»'+ ll >vers. 1 }1<is, i >I> iiil av<'ra>»<' a}>out I '.'1 <>>if}«>ii acr< - 1» i't ar<' avai Jal>}<' l<>r
tlii ri sl <it tlii ~tat< s i st»ari<.i. J!»ri»fi a <lry liar Ii ss t}>an '~ »>i}}i<»> a<.re-li i t
>vi ii>1< I 1»' l<> i< ill>}if i',

1 iiil< r " !'ll i <>»<}iti<><>~, lhi '1'i was N'at< r }!< vi 1<>1»iii iit }3<>ar<1 <'sli»!at< s tliat,
i>II t i>i' '<><'r'I i<' 'lf>iii>l 11. !»kl}li<»> a< ri -fi i't iil' 1'ri sh wati r w<iii}<} 1>i avai}a}i}i lor
t}>i <st<i;irii. >a< sl iil .~al>i»< },ah< i aih ii ar, '1'Iii' v<>}i>Ill<'s <>1' wat<'r willi'li w<>»J<}

<li i< l<>J>«1 a>i<} «Jiv< rti <1 liy liii:af i»t< r<'sti, 1»>wi vi r, }>av<' i«>t }>i < rl <}i <Jii<'ii<1
Iri»i> tliis a>iii><i<it. 'il'}» I I. ! n>i}li<>t>» ri -I'< i't fip>r«l<»'s irir}i>ili iliri i t rai»l'a}i

i stiiarii s;»i<1 1<i< it ri»>i>l'1' li<il <l<>i.- <i<it irii lii<}i Nat< r t<i lii s»J>J>fi<.<J
J>i tlii 'I'ii;«%.<tir .~i,ti>»,
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Table 5. Projected  ;I»»tges i» Fstirnated Average Annual Major Tributary
Freslt 9ater Flow to the Texas Estuaries  Miljions of Acre-Feet!

Vote: Figures do not include direct rainfall on est»»aries, local runoA', or return
flows.

includes water proposed for delivery by thc T»'xas Water System  also shown i>i
parenthesis!.

Source: lf»'storic and 2010 Mi»th Lor»>l D»'tersio»> Ordy frotn th»' Bureau of
Iteclamation and from th» publication, "1'h» Texas Basins Project," by
Charles R. Chapman, in Special Publication No. 3, l 966, by the America»
Yisherics Society,

2020»»>ith Texas IVater Systeir> b»»t not Lorx»f l!i»<ersions from the Texas
Water l>evelopment Board report, "The Texas Water Plan," of November
l 968,

1!irrct rainfall wouId av» rag» abc>ut 3,4 million a» r» -fe» t an»1 I»>» al rut>»>f1 an
estim at»:»I 1.3 mil1ion acrc-f» et. Therefor»'. about 6.'1 niil li» >n acr» -I'» e I
tritiutary rut>»iff, exclusive»if l»ical div» rsions w»>ult1 b» r»»» iv» d. Tributarv fr» sli
water titus w»»>ld be cut in half. Th»' T»'xas %at» r,>yst» t>i, h»>w»'.ver, w»>t»M
deIiver 2.45 million acre-f»» t ol' wat».r t»> tlt»s»' »st.uari» s. TI>us, aim»>st '!.0
million acre-feet  ext lusive»>f 1»ical »liv» rsi»in, dir» et rainfall, an l 1»i»:al rurtt>ff!
might be».xl>cct».d. 'I'h» s».', howev» r, ar». av» rag»' fl»w figur».'s. 11ow mu».li fr»sh
wat» r w»>»tld li»' r»'c»'.iv»'.d ir> a dv, y» ar". Obvi»>»>sIv mti»'h I» ss. It a1>1>ears tliat l»>e.»1
divr rsit»i will pres» r>t th». most criti» al Iiro1>l».m.

Th». Il»tr»:au»if R»'clamatior»»1»ring its stud>»>f th» Tex;»s [hajji» I'roj»».t did
dev» lop art »stimat» of tlt» v»>1itm» of wat»r wht»h rni«ht li». divert».d by 1»ical
inter»sts, I wottld lik». t»>» x1>Ior» these».stimates 4>r u mom»n . Fx»lusivt of
.'>abine Lak»., local in crests might dcv» I»>I> and»liv»'rt ab»i»it 5 milli»>ti a»:rc-I'»'el »>r
abc>ut 4 ! I>» rcent »>f th». str».arr> flow on the average tltat now reaches th»'
estuari» s  Tab'I»'. >!. 1!uring a dry year ocdy 500 thousand acre-feet would rcrnai>i.
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do not kn<>w how much of this estirnot< d lo< al <1< i < I<>lir»< rit Iiai l>e< ii
irrclud<;d in Lh< T<;xas %at< r Plan; th< r< f<>r<, it i. irri 1><i. iil>l< t<i <1»<> < a trul>
reliable futurr figurr'. 5<'v<'ral v< ry ir» I>ortarr t <'orl<'Iusi<>rl., lrow <'v <'l, carr
drawn. 1!urirrg ex.trcrn<:ly dry years, th< or>I> firm i<><rr«»f fr< sir wat< r I'<ir tlr<'.
T< xas <.st<>aries w<iuld li< 1'rorrr th< T<.xas Wat< r >yst< m. 1!uring dry y < ari Llrc
T< xas < st<>aries would rec<:ive as much sewag< and i»dustrial waste ri they worrld
fr<.ih water. Even durirrg years of n<irrnal runoff th<. total sr>I>I>lw af tributary
fresh wat< r to th» Texas estuari< s would b<. much < urtailed,

WHAT THE TEXAS WATER PLAN WOULD NOT DO

'I'h< '1'< xai Water 1'lari I!r<>vi<1<'s wat< r I'<>r rnrinieil>aI arid iri liritrial lls<'i,
irriga Led agri<:ulture, rniriirig, rravigatiori an<I tlr «.itrrari<'s, 'I h<'. Iilaii also
ir«:orp<ira tes flood c<>» tr< il b<.ne fits, sal in i ty «>rr tr< il liroje c ts, an<I g<r ara rr L<.e s
water for e<iasta1 wildlif< r< frrges. Tli< T<;xas %at<.r 1'Iarr is d< w rib< d as a ll<'xible
pri<1< for tlr<' d< v< l<ipni< rrt <if wat< r r< s<»rrcei <if th< State. The stat< 8 goal ii to
1>r<>vid<' lrr tlr< rr!<>st < If« tlv<' an<1 4'«'>Iron>I<' rrlallrl<'r Llr<' wat<'l irrl>1>ll  s arid <ith< r
}>< n< fiLi rr< c< i>ary t<i nr« t th< rr«di <if T< xai f<ir all purl>os< s l!>rougl><>rrt th<.'
>tat< as tlr< 1><ilirrlati<irr gr<>wi arid th«. «<irr<irny < xliari<ls. Tire Texai Water Vlari,
lr<iw< v<'r, <3<>< s ri«t 1>r<>vi<l< f<!r tli< ~ ord<',rl! d<'v<'1<>1>m<'nt and nrarrag< rn<'rrt. <>f all
<if tlr<' >Lr<L< 's wot<'r r< i<>rrr«.i. Vlost <>f Ll!< riv< ri which </is<'.harge irrto ter<
< itirari< i w<»>I<I r«>L li< in< I<i<le<1 iri Llr< 'I'< xas Wat<.r I'larr, at I< ast irr th<'ir I<iw cr
r«'<<:ll<'s, Iriit<'a<l, tli< ir wat<.r i<>1>lili< s war>Id b< d< vel<ili< d 1>i< c<'.nr<'al by local
i>it< r< sti witli littl«>r rr<i r< gard f<>r < iL<rarin< r< qr!ir< rn< nti. Th< T< x'rs 4Vater
I'lan worrI I r< 1!la  < in 1>art srrch divert<.d sulipli< s with wat< r of different qr!ality
or><1 claim a project b< ri< fit for r3oirrg s<i. Furth< r, water for the < ituari< i t<i b<'
d< liv< r< d 1>y th< T<.xas %at< r !yst< rn wi><rid corn<. fr<im tlr< !I>lississil>I>i 1<iver. If
w<>L<-r fr<>in th< Mississipl>i Eiiver <.arri><>L b«ibtairred, ther> what".

I lr<' I <'xas Wat<ir 1'lon objcctiy< is Lo lirovide wat< r for a growi»g li<i1>ulace
all<I < x liari<lirrg «.<»i<nny; a I><>prrlac< arid < carr<>my Llrat ar< pawing mr>eh faster
Illlltr tlr<' lrrltl<i'rial ayerrrg», Tlr< lilan, iLi< lf, by lirovidirrg wat< r thaL is riot
av rilalil< ri<iw, will «>rrtril>rrt< arr<l <.ontr<>l t<> a large. dep«how l<ing tlris 1>eriod
<>f a< « I< r<r < d powtlr will «'>r>tiring<' irr T<'xas and wh<'r<' it will oc<:<rr. Tlris is Brl
<'x« Il<'rrt <'xarrrI>I«' >I' a wat<'r <I<'v<'I<>I>m«nL I>roj«''.t tlrat, f<!r tlr<' r»oit part, rs riot
rr« <1< rl;it tlirs  rrrr<', t>rrl rs d< I>< r><I< rrl <>rr 1<> trrr< gr<iwth that could rr<it tak<. lilac»
if tlr< lir<ij« l w< r< rr<it brrilt. Ta> <i<i<it< 1!r. l!arrieI Willard ol' tlr» University of
'I'< xas, "1ri sir<>rt, tlrii i<irt <>f Lkrirrkirrg ii a claisic <'xaml>l< of cause and effect
r< v< r,''rI. W< ih<>r>I<i l>< tlri»I irrg rrr<>r«il' irrcr< aiing th<. quality <>1 living rath<.r
thor! Ilr«' 1rrrrrr tits <>I Irvrr>g.

Ar><I aft~ r ' !'> ! wlr'rt'" ,Wal< r sir l>lili< s w ill ti< t<iLally < onrnritted and irn ported
sill> f>li< s iw rrrrr«<Iry . 0'ill 'I'<'xas I>< ><>r»irig «<>riorr>v arid l>opulatioii gr<>wth th«ri
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. l<iw»l<iwii,iii<l staliiliz< .' '1'li< 'l'<'xas Wat< r I'laii do<'s not cot»sider the iiicvitahle
tli»»i !< iiil<' »lal t ills w ill liallp<'n.

'1'li<iiigli tli< '1'< x;». 5'atcr I'taii would lirovid< wat».r for more titan 30 rnillioti
li» olil<, iis liri« ta ~ <il $1 ! hillinii does not in«iud<i the cost <it' lirovitling
r».» r<»»tio»i l'<ir tli< s» mas~ s, liarticiilarly c iastal recreation. Wh> riot'! Tli< in ed
for r» < r< ~tion is directlv r»'lated to the increas<'s iii liopiilation whi< h thc plan
would mal e possible. Can you imapn<. thc impact of 7 tiiillioti lieople iti tlie
 ireat»'r 1lotlst<ui area'! Ther< just will ii<it b«' iiough c<iastal r<» r» ati<»i alia<'»'
avail'»bi<'. ~u<'h urbanized c<'riters r»<'<'d t»i b<' spr iad out, »1<'c»'ntraliz» tl to smaller
uiiits, il tli<r< is t<ibe a coastal » nvir<iiit»< iit 1< 1't t<i siilili<irt fish aii»l wihllil'< a»id
r<»cr< atiori ti«ds.

Tl«T< xas Wat< r Plari coiil<l, it> liart, ldan for s»ch a distriliuti<in--but it d<ies
iiot, '1'lic Plan w<iuld pr ivi le th» n< c<'ssary wat<'r for nior<' thaii 30 tnillion
p ' !ld< and it, »lo 's acknowledge thc growiiig l!rohl ni  !f lir<ivi lingr wat< r for tli<
<»stuari<'s, but it dries riot lilaii for th<' cnvir iiim< iital irnpa<.t »t'' ! milli<i»i iii<ire
lietilile iii Texas. It does not consider th< environmeiital iiiiliac  on  >alv» st»iri
Bay <if < millioii people iii th<' greater llouston cornlilex, <ir of nitire tliari 1
rnillioti lieople iti Corpiis Christi oii Corpus Christi Bay, or of rii<ir< thaii 1
milli»xn lieolil<. in Port Arthur and Beaumont or> Sabine J,ak»,

Tli< P4n do  s acknowledg» tliat 30 5 millioi! p< olile, witl! ass !< iat< d
industrial complexes  which th<' wat<'r will pr<!vide f»!r!, will g»'tier»it<' in<ir<' tl»an
 !.0 milli<iii acr<;-feet of sewage and industrial waste, much of it to b» <lis< harg< d
into the estuaries. The Pla» docs discuss the nerd to treat th<.s< li<illuta»ts biit
does not include a comprehensive program, or fuiids to do so.

The space requirem<;nt alu»c for the millions of pcopl». lirojected f<ir th<
coastal areas w<iiild be a major disruptiiig fact<ir»ni.'iahin». Lal »,  ialv< st<in Ba>,
and Corpus Christi llay. Add the tremendous amount of s< wa«< aiid i»diistriat
wastes t<> be gen«rat< tl by these millioi» arid tli» d<.structioii »if tli< s«stiiari» s is
virtually guaranteed. 'I'he Texas Wat» r Vlando< s riot » <iiisi»l» r or pr<ivid< f<ir su< h
a crisis.

What els»' does th< '1'exas Rater Plan not d<>'! It d<ics riot <:oiisid< r th< iiiilia< t
<!n the l,<iuisiarla»stuari<s of divcrtiiig Mississippi Riv» r wat<rs t<i T< x'is. Tru<.
thi» liroblem is b«iiig stiitli< d by s< >< ral ag< tieics but this do< s ri<it «uara»t«a
solution. It is c».rtain, liow< v< r, that if tli< l,<iiiisiaria marsli<s and < stiiari<, ar<
lurther depriv< d <if fresh wat» r marsh d» structi<iii will ace< lcrat<, As tli< niarsli< x
are destroyed the productivcriess of th<. estuari<'.s d»'clin»'s, whi<.h li<!s< s a dir« t
thr»<at to dependent fisherv resoiirr< s, both sli»irt aiid comnier<.ial. 51< r».li
dumpitig milliotis of acre-fe».l of water into the < stuaries ol Louisiatia aiitl 'I'<.xas
might not work; the Plan does not provide for such an eveiitiiality, or th<
alterriative deeisioiis that would be r< cuir< d.

Fortunately, the Texas Water Plan does not ignore the Texas estuaries. This is
much to th  credit of the people who planned it, and it must be consider<..d a
triumph of sorts. Thc Plan, however. does not go far enough. Piecemeal
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devi.lol>ment by lo«al irilercsts of llic waLer resour<.c.s of mar>y of thc. State' »
major river» is riow c;aii»irig and will c;onlirii>e to causc. » .vcr< degradation c>E Lli«
csL«aries. Total plann>rrg and manageni rit of all of lhi Stat  '» wat<'r ri,so»rces is
essential if the estuaric s are to surviv<. 11 the T«xas c »Liiarirs continue L<> bc
alter .d, 1>olli>lcd, arid <1<:l>rivi.<l of tributary fresh wat<r, lhc fishcrv r< so»re s
th  y I>arbor will be dc slroyc d arid the reer<.ati<>n they provide. will be lost. Th<.'
TexasWat<'r l!evelopment Hc>ard is riow rc»tudiiiig th<' 1'lari to improve it.
llol>cfiilly, thc. rc.vi»i<>n will I>rovid  total plannirig to assiire that tli«. cstuari«s
re<.rive sufi'i< i<.ril liigli  Iua!ily wat 'r.

CONCLUSION

Tire 'I'c.xas Watc.r Plan ackrr<>wl  dges that many problems r<.rriain arid must bc
»olved. Varlic.iilarlv, thc. l'lari recogniz<;s lhe nec d to 1<,'arri rric>rc ah<>iit llic
< still ric's ari l est>i ii!>1<' Er ',sh wat<'.r r«' Iulrc'rrr '.irts.

I w<>i id like Lo <Iu<>lc Eroni thc '1'c'xas Water l'lan Si>rnmarv pr<.l>arc d l>y the
Tc'.xas Water Dc'.v< lol>ment 13oard. viz:

'"1'hc. E3<!ard is awar<. of an impact from char>ges iri volumes ot' water from
stre.arri» entering ili  1>ass resulting from upstream reservoir d<.v<.lopmcnt
arid wal r utilizatic>n, contiri«ally incrcasirig return flows, arid changing
conditioris of surr<»in<1irig la id dc vc'lc>prric nt or> w;itcr cl»ality in the bays
and «»tuari«s along th  Tc xas  ' ill' : >ast.

I llc' <'«on<>i lie i rgency t'or Eincling rneaningfi>l s >lutiori Lo LI>«sc
prohl«ms is d<'.n>on»Lrated by' thc in<:rc.a»ii>g valu«ol «ornrricrcial arid sport»
fi»hing in thc. «sluarial «rivirorim<'rit, ric>w estimated at rric>rc' than $150
milli<>ri aririually, mor '. lliarl 99 percent of which is derive'.d fr >rn thc catcll
of »I>cci '.s deperldei>t o� LEic rsti>arin» «nviroiirnc rit at sorric' l>oiril ir> tlieir
life < y<.lc.. 'I'hr. rc late.d c.c:c>nc>rnic return lo Lh ' State from Tc>urisrn
atlra«tcd to Llie bay ar as is <»Liriiated at 8:300 millie>ri arinually. All <>f this
 :arr b» lost lo Lh< State if some. »oliiLiori for prc>» rvir>g LI!e ecology and
'I '.stlrptic quality oI' Lhr bays is nol found."

1 beli<.vc'. th«Texas Wali r l!ev 'lopmc.nt E3oard has staL >d the problc.'rn very
well.

'1'he Stat<, of '1'exas toc>k a big stc'.I> Iorward this l>ast year by <.stablisliing by
law an Intcragcncy Natural Resorrrc.c;»  .'ouricit. Thc. Cou»eil is «harg«d with
d«velo1>irig a Com 1>rehensivi.  :oastal Rcsour«c» Vlaii lo 1>rovide for thc:
management and dcveloprn .nt <>f th ' humari and natural resources of Lli«
urbani>,'ing Texas  > »If Coast Region. The  wc>vernor's 0ffi<:  will provide program
coc>rdir>ation to mesh th<'. aclivitics of <,ighL Slat ' ag >uci 's dealing with estuarine'.
activities into a single uriited effort Lhrough th<. Int<.'rag .n<.y natural 8< so»re .s
Council,
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STRIPED BASS AND WATER

DEVELOPMENT IN THE

SACRAMENTO-SAN JOAQUIN

ESTUARY

Harold k. Chadwick
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Stock t<>rr,  :alifnrnia

INTRODUCTION

Anadromous fi»h  ri  s resourc  s in  :alifornia ar  affected directly hv
ecological change» ir! river» and  ;»t !ari ;» a» a rc»ult  >f water d 'v .'loI>rr <.nt. Th 
intent <>f this I!aI>er is to illuslral< how wal r d .v lol!m ul afl< L» fish ;ries
r .»ources ir! th<; 'iacrarr! r!to-Sar!,joaq!rin  ,»tr!ari I!i d<'»<.rihing the «ffect of
wat r dev<..l<>1!m<.nt  >n ecological r<;quir ;rn .r!t»  >f strIped bass. Program» l<>
alleviate potcr!lial adverse  .ffecLs ar . al» > <lis .'us»< d.

The di» :u»»ior! is limited to   ffc .t» a»»ociated with wat .r storage and
di»trihution. Fffects of p >lluti<!rr, drcdgir!g ar!d fiHir!g ar '. in!!!ortarrt but ar '
 >x :luded 1'rom thc discussion,

!>trik>ed t!ass ar  stri :tl>»i! >rt  'i.-h in l.alifornia, n >w, and lhcy suk>port th .
mo»t valuable fi»h<.ry in llu ~a   m .nto-San Joa<luir«»tuarv. It has b  < r!
predicted that the n<.t <.c<>r!orni  v, '�«>f the sl>ort fish  ry in 1970 will b . ab >ul
7.~> million dollars  A 1 tour! ;y < l al. 1 ! f>t>!.

Annual harve»t rat<.» during lh< I>, . l 10 y .ar»1!av<. varied fr >rr! about 1.> l >.'1.>
p<.rc >nt <>I' th ' ,adult l>opulali<>r!   ."ku«lwick, 1�H and ullla l!li»h .d d !ta!. '1'hi» i»
well withir! sal'c limils, s > tk!< primary r .»<!ur ; '. rr!air!lena !c prol>l  rn is
ef!v!r >t>lrll',rl tal I!fot 'ct!ot!.

WATE R D EVE LOPMEN T P ROG RAMS

 !r!c major lhr<..al lo suilabl«errviror!mental c<>rulili<!n» is water <l .v<;l >prr!  r l,
Mo»t of California is» .mi-arid or arid, and annual rainfaI1 is much p .at  r irr lh 



Striped Bass and Water Development in the SacrarirentoSar> Joaquin Estuary 59

rior�> than iii th<»oiith. As a result, virt<rally all agric»i tiir ' depends on
irrigatioii, and much water must be developed for murii .ipal and industrial use,

w<'ll. Reservoirs throughout Lh«State store wat<'.r for all uses, and wat< r i»
cornmorily transported h»ndreds of miles 1'rom its point of' <>rigiri to Lh< plac .
where it is used. The vast water development projects constr rcted to suppf>
water needs hav . often aff  cted cc >logical ronditioris drastically,

I'ortions of Lhe two largest pn>j 'cts, the Federal  : ;ntral Valley Proj<.ct arid
the Stat«Water Project, are having a major impact on the Sacram nLo-Sari
Joaquin <.stuary. Both projecLs Lrarr»1>ort water from riorthcni  :alifornia to the,
San Ioa fuin Valley, and the State proj 'ct wilt also transport water to tlic I. >s
Arrgeles-San Diego area  Fig. 1!,

Th . present operation of both projects «.msist» 1>a»icalfy of releasirig stored
wa ter do w ri the Sac rain en to River, moving i L by gravity flow across tl i <'
Sacram«nto-San,Joaquirr Delta, and piimping it into canals at the. » >»thwe»L
corn< r of the D«lta. Bccairse of this basi<: similarity, the ef'fects of thc two
projert» cannot b<' s ',paratcd.

Thc projects affect ecological c<>nditions in the estuary irr two basi<. way».
One is by thc transport of large amour> ts of watcracross the Delta. This  :aus s
high  r than riormal rates of flow in many Delta chanricls, causes water to move
in a n  t up»tream direcli<>n iri some channels, turd causes the water in th«San
Joaqiriii portiorl of the D 'lta to be lai'gely Sacrameiito rather' thar> Sail Jua<!iiirl
water.

The. »ecorid basic cff .ct is Lo r .duce and redistribute seasonat1> the wat r
flow» out of th  Delta toward lh  Pacific Ocean, Reduced outflow irrcr .'a» s
botli n,t 'rrti<rrr Lime in the system and irilrusion of <>c<,an salinity. Be<ause of
flow redi»tribution, lat<: surnrner minimum flows will be ab<iut the sam< or
slightly great< r than historical flows. These minimum flows, how<..ver, will  .xist
f' or loiiger and longer periods a» exports increase. ll< nce, rriaxirnuin»atirriti
intru»ioii will bc about the same, but the whole s>»L .m will h . . >me more stable.

Both of' these eff<.cts are most irnportaiit iri Lhe ea»L<.r» portion of the
 .stuary, bc<.ause tidal flows f'ar cxcecd 1'r«shwat< r flow» iri tlr  westeni < stuarv.
This ger  'ralization may cha»g . 30 to 50 y  ars from n >w, w fr ,r> water
d<.velopment 1>rograrns rcacli Lh . point wh  re flow» <:arr be c<>ritrolled year-round
iri dry years.

1'ast arid predicted f rt rre. changes iri water f1<>w» indicat . the d<gn.e of
change which is occurring and Lh . r .lative imliortaiic  <>f upstream and exp >rt
dcvelolimcnt programs. Th ' liistoric rn '.dian Delta outflow wa» aborrt 29 rnillio»
a re-feet aiiiiually. Th<. l>reserit m . liaii o   tflow is ab<>ut 15 million acre-fe .L, and
this is exp«<.L .d to  f  '.n',asc Lo about 5,5 millioii aer -fe 'L by l990  FWV :A,
19'>7!. Curreirt  ixports ar . about 3.7 niilfion acre-feet arinually, aiid tliey ar<
expect '.d to increase to about 10 million acre-f'c<'L by 1990  Kaiser L'ngineer»,
l969!. Thus, most pa»t developrncrit is du< to»p»tr .am iise a»d diversion and to
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P'igiin I. lliqi r>/' lhi,1nr rani~ si o,~cia Juror uin I!r Ao.  '.li fthm>ri  .'uurt I'or< bay, lhi prsrriping
pkititi iiiid ~ afrr>r  r«teil» tireder 'I'et<'t rishi' t'ri r>pt'ru ion. Tlirt' Ps'ri'phd'rat  .'aug is a sr'hq'mati<
fr pf<',ec'tl sill<>ll <>/ IfliLc />trsgswfci ll fltr>y 'l'.I.
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BILOGICAL EFFECTS

Cross Delta Transport Problems

.itrilu I ha~i  <~~ps an� larva  ar  Iu'lanai :. M II  in.'  >I them are came I t > Ih 
  «I> irt punll s hy th ' wat 'r flowing acr »s thc Delta and ar .' purnpc l into the
canal,~  I'ig, <!. IVith thc I>r< s  ~l. I>lan of  !p ration an� increasing exports. over
.!I! I »'I    'n t  !f th '  'gpss an6 larvae  '.OUI j h '- lost ln thts wa>  Delta Fish an I
IVil clif  I'rot .etio   Stu I!, 196�!.
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I'ig<<r< 3

Reduced Flow

'I'f>i fii< .<l i<i« iil itrifr«} Ii 1.. itr«w»i«g i« t}><',>'»>,I<>a<}»ir> It iii r ii r< stri< t<  I t<>
i< i>«<ll . i'f'llir«, <fifiillr'»t} , frllnli<fif1 I>'> >'>}initV «'>«<}iti<>»i. }Sass w'} I<>n> >7>aW»

I lli' I» t lki' <'al>ai>' t<> th<' I»>n>I>i Il'Iv<' I iuv<'1 ',i<'r«''»~ whi  h ar ' ri "lr< >>'la}i} y
i I'fi <.tiVi irl r< l»»Vil>g fi>'}> Iarg«' 'n »>g}> t<i >'W I»i Wi'}I. I I iW< V 'r, ah<>» t } 0 t<> 50
Iii ri i « l  >f' t}ii ha><> I/' t<i I - I/' i»<}li s } >»g ar  util} l >it. 7'<! priv< «» in }i<'atio>>  >f
t}li n>;grl»t» l<  >f th >< }>ro}!I  m, a» i >it!n>at<  I 1 } fill}h »l }>i&a, »l >>ltfv I<'.~s thai> 0
ilii }li >< I<»>g, w .ri ><av  <} at t}1< Ik >r<'atl <il' } <' .'Ian>ati<>n ~ r< <.n~ ili }9f'> !. },<>ii  i in
<it}1<'I I <'ar> hilvi' }le<'ll >ill>all 'r.

,~1' ' »> I I>r<>h}<'rll ar<'i> ar<>r<> :iat ' I with  'f<!>'w }! 'Ita tran~I> !rt ii a r  }n .'ti<>n i»
r<><rt>}a»klii» a« I I><'1>t}> >i Ii >I»>}ati<»>i ill }!< Ita < hal»1< }~. 'I'he~< re }ni ti<>n~
f>r<'.i»n>a}>}y n .'< <}t I'r<>n> 1}i><}>< r~a} iit' '1<><>}>far>kt<>» all }»r>l'av >raf>}< Ijr >tton>
i ir«<lit <»lr < a<»<' } }>! l}>< }»g}>»<'l f}<>W>.

'L f>n;>I ar '< i>f « ini < r» i~ ri lati  I li> thi <}<>wl>>'tr< al» n>igrati<»> i>f a }»it~ aft< r
,itrr w<>i<>g, 'I'lli i i<}r<rrt i a>>al> ari frlr tr<ir» tf» rnaj<ir»!igrati<»1 }>at}>wai >'. br»all
«<»»}><'n <>I il f»lt I>a.'r>» >W fill I t}!<'Ir W Jl tii  }i< tra> h ra<'ki a 'r<>~>' th '  al>a}
i»liiki i il» } tip}>t t}>i'  'llrri »t »»ti} t}><'i <Iii <if i r I>a»r ti >ll. r%> thi' }7 >wi t !war I
lhi' fi»»l }>> I>l<'r<'a&', >%<' ilri' <' »>«''r>l<' } tllal l}>i> }<>><<' »lay }>«'' >i»<' ~<'rl »l~. The
i i t< lil <if t}>i» I<>~i wi}f <}i Iii r> I <i» thi inl}i irt<n>i i <if t}>i  }iri < ti«l< <>f wat< r f}<iw
l«g»><}>«g >»>pri>t1<»>i . I I»> Ih»'iil k«i >'4 II.
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fa tft<'I <I<!w tl. tt'<','ilri tli,'tti wit<'i<' tlt<' salittit~ is itlroiit  t S pftrri ] l!,I. 'Xbov<' tlris,
saliiiitic. f'all to 'tb nit 1.! ! t<i 'r ! ! frptn TD~ b< cau. «!f Sa< r;trit< trt<> Rtv<'r wet<'r
trt<>virt~ a< r<iii tlt< D< it<i. Elf>str< ani, safiriiti iri«r< as< s afntirr iii dry i< afs, b<'<'arts<'
of l<>w <lualitx wat< r cornirig dow» tb< Sari Joaqirirr River. Bass gert< ralll refrrs<' t<!
corrtr'iirr< rti<tvirig «pstr< arri b< v<>tid tli< fioirit. wli< n. safirtiti r< a< h< s about 3.�
i<pin T[!~  Ra<ltk< arid Turtter, 19|'t7!. f.aborator> studi<; iridi<'at<' tl<! arlv<'t' <'
effects of saliriity on <gg;urvival itp to about 1,000 pprrr Tl!S  T«rrr< r and
Varley, ~l.!, so ttiis is apltar< ntly a behavioral characteristic. I'robably, a larger
arid larger per< < ntage of the t>ass liol>itlati<tri has sl!awri< d iri tlr< 'Sa<-.rarrrerrt<!
Riv< r as Sa» joa<luiri River wat< r quality- ltas dct<'Iiorat<'d. flic spawllirrg ar<'a
would ftresrtrrralrly be r< duc  l fi!rtlr<'r by  orttittrted reditcfiotrs iri flow.

A second problem area relaterl to flows tlirough th< l!elta is that from 19.~'!
through 1968 the number ol' youtig bass survivirtg irr midsummer lras b<.< n
directly correlated with wat< r flows  Trtrrr< r art<i  ..hadwick, Ms!. Tire t<trr< lati<irr
coefficient is 0.% for th< relatioriship betwe<.rr tlt< nirmber of bais siirviving
when their mean length is 1.5 inches and the meari Ju»<- fuly orrtAow 1'rom th<
Delta. While. this high correlation coefficierit obviously indi<at< s that sorrle
pararnet<.r related to flow is controllirrg survival, w< canriot id< ntify this
parameter. 1'he relationship is so striking thouglt tltat it lras fir<>babfy <.ruat<'d
mon'. concern thar> any <!tlr«r factor, llenc<, 1 will r<,vi< w sorn< of the lrossibl<'
m< chan isms.

Tlris relationship may r< fleet loss<.s in wat< r <liv< rsioris from tli<' D<'Ita,
because a higher p<rceritag< of water is diverted whert flows are l<tw. Th<'.
correlation co< 1'ficierit for the r< lati<triship b<.tw«< rr tfre lt< re<.it tape of inflowing
water diverted and bass survival is about the same as th«outflow-survival

correlatiori, Howler, fish distribittion patt 'ms w<'. lrav«!bs<.rverl <.arf> in some
seasons indicate that this is probably riot th< primary mechani.rri,

'1'lre oth<.r p<!tential m<.chariisrns whiclr have be< rr id< ntified «II itivolv< direct
effects of flows <ui the 1!elta erivironnient. The most <titvi<tus p<rtential
mechanism of this type is lhc <.ffect of dr nsity <>rr survival. lri f<!w Aow year,
young bass <>ccrrr farther upstr< am that> they do iii hi<~h Aow y<.an   :hadwick,
1964!. B«caus . water v<!lurn< deer<:ases rapidly as <>rr<.. f>r<x«ds ttpstr<am.
density-dependent mortality could <.aus<. low< r survival. ll<rw< v< r, d< nsity iri the
central p<>rtion of the bass' range is great<.st wh» rr fl<rws ar< higli, indi<'ating that
this is not an important factor.

A s<rr<rnd poterrtial mechanism is food pr<id<tcti<rn. R<,c< rrt irif<rrrnatiorr ori
zooplankton standing crops in th<. Sacrum< rit<r-Sari Joa<luirr <.stuart iridicales
that they are n<.gatively r< lated t<t wat< r flows. Wlril<. this n<f.ativ< n lationsfrip
may reflect th<,  ff<.cts of pazirrg by y<!ung bass rath< r tlrati diff< r< nc<'s iti
production, r<.lationships betwc<.n zooplankton abiiridance arid riet. Aows anti
nutrie nts within th< Delta  Turner, 19 �! mak» this improbable. lienc<.,
zooplankton production is urilik<:ly to «xplain bass survival.



Morning Session

A riior  Iirok!able food »ripply r lati >r<»hip concern» th   >puss»rn slrrirrrp,
JVromysrs <rr<>atscherrsis. The evidcn«. irulicatirig lhi» i» tlial Neomysis distribu-
tion larg .ly < or'ncidcs willi that  >I' yoilllg k!ass ar!d the slomaehs of 1arval bass
 .:oniairi more shriml> in high flow y .ars than iii low flow y .ar»  St<'v  r>»,
iinliiiblishcd data!.

Arrother factor wliirh may b< involved in the relati >n~hil> i» thai Lass spawn
later when water flows are high than lhcy do wh< r! flows ar< I<>w. 'I'iris apI!<'ar.:
to be q»itc sigriificanl boca»sc iii all years wlicn w< 1!av<. rnrasiired:urvival <>f
larval has» during thc»l>ring, survival ha» L .< r! p ><!r iirilil late spring  ,It vrris!
unpublished data!, This c >»ld be another indi<.alion that food is important »iricc
invertebrat . 6><>d supplies gcn :rally increase during th<. »priiig.

At any rate, the combined effects of spawning time and Xeomysis aburidaric<
appear to bc thc most promising <.'x planalioris at the mome!it for th .
fl >w-s rrvival relationship.

An irnporlant <.o»sideration r .garding the potential irnI>ortarrc ! of lh 
relationship c<>nlrolling th< survival <>f young bass is that itic recruitment ol
adults to thc I>opulalion may not L  directly related t > th ' early siirvival of
y >ung, While ovid<.nc  relative to this is very inadequat<, lh  availablc evid  iic 
suggesls that n.crrritmcrrt of year classes from th   arl> l9f�'s was iii fa  t »<>t
related to  .arly survival,

A final problem r< lated lo rcd<ic< d flows is that th .y rriay ca»»e r dii< cd
turbidily in th» future. on occasions wh  n minimum flows  >«:.»r for a loiig tiiri '
 Kror!<., l9f!t!!. 'I'his is of <: >nccrn for s  vcral r< as >ii». I'inst, liglit penetration int >
thc water is thc I>rinrary factor limiting alga  growth now, and nutri<.nt
c inccntraiions ar< relatively higli, so a p<>tential exists I'<>r excessive algrn
blooms. This could, <>f course, lead to oxygcri depletion. lri a<lditiori. tiirhidity
pr<ibably provides thc primary shell  r lor young fish n >w, and light limits th<
distribuli<>n of Ncomysis, th  primary fo id <>I' i oung bass and many <ithcr fishes.
so thai r< duced turbidity mav  Icrrcase young fish survival.

THE PROPOSED SOLUTION

A possible solution wo»ld L  to eliminate water exports, and th .rehy provid 
suf'ficicnl outflow.  ;onsid rir>g the l8-y  ar history of wat  r < xports, the d '.gr ' '
of present constr»cti >n programs and c >ritract commitrn .rils, and wat r n .rds, I
bcli<.ve this solution is politically irrip<>»sible.

If export is lo coritiriue, an el<.ment of an acc  I>i.able solutioii must Le the
elimination of cross Delta flows, since mariy detrimental   ffects are associated
with them. This could bc accomplish .d either by additioiial Icv   «on»triiclio»
to isolate a pathway of natural Delta <.harinels from th< rernairiing  .hanricls or bi
exl .nding th<. export canals arourid lhe l! '.Ita, so that the point  if div rsion i» <>ii
the Sacramento River abov ' the Delta.
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111<' I'ilt'<'r '<I<I<1'ai' ia'll I. Iir'»' <'i''II<I'<'. Ir<iiri 'i Eii 	 !gla' il stail<IIi«lrll, Ei«'''ilis<' it
avoi<1 <'Iirni»;itirig;i si«»iI'i»a<it Iiairlia»i »iI' tli» Iir<««t 1!< tta, ar«1 Ii» <".r»sr it
proviaf<.' a» a<1<1<<irtrriritx l<i «iritraiI II«w. rii»ir« I'I'i< i<»tie. '1'Iii. Iir< nii!< Iias ba <'ri
are<'Iit» <I l<i Eii<ila< i. ti iii<1» <igi»a ~ < r. air»1 lia, Ei<'» ri t< rrii< � tlia I'» rilrlra'rrl  ;air'rI
c<HrcrIit  ['i<'. 1!.

TIra' <.'arri<I w«i<1<1 not, <ilaa all 1<rolila ni,. 3 <iiiri�r I'iili @rip'atirra <Iaiwtr lli<
Saerairi<'!<to EEiv< r r»iiil ba' Iir»it» < ta <1 I'rairii «liv< rsiairi. ari<l a'rr<irigli wat<'r iiiiist li»
rrE<*as»'<I t<! soIv<' ill»' I!ra!bl 'nls assai»'i'r t<'� witli w,it<'r fl<iwi. iN'o sail <iliaiii Ii;is li»'<'ii
assur< »E y< l I'air tli<!< ra'<EEiir< in»'iit!, Eirrt iailiitiairri » «riiIiatilil» willi tEr< I'a riIili< r'il
 ; anal a'<irra»'Iit ar< r> ailabI» . I''airrii <ilati< i<i <if a<Errrirristratia i ~ Iir<ia «lair< s wEii< E»viIE
< stalilisli tIi< ba. i! I'or lli<' i<	i<ti iri aiI' tEr<'!<' r» inuirrirrg Iirailil<'nii ii a t ili 1!ri»!riti
task of lh<' 'i«eri»'i»'s irrvolv«1.  ;rrrra i<l !r<'ariirgs b» I'«ra lli» ~tat< i%at< r IE< iaiiire< i
 :<intra!E h»urr<l, «iitl tli» 1'»'J< rai authorizirr«1» gisE;rtiairr, sIiaiul»I Irrovida tha
nec»'ssa& arllrlir<lstrirtlv<' fram<'w !rk.

The Stat» hai a»ill«arity to a ainatni< t tire»"iriaI. E!ril  :»illgT»'ss Iias riot
air thoriza d I'» <leral IiartiriIiation, E'r<>p< ss taiwaral < arngr< ssi<>rial arr th<>rixatiori
has b<.en Irinalere<l Eiy strong ol>Ei<>sitia>n t«curial corislriia tiairi lii vari<»rs laical
groul>s. EE<:»«', it ii < rrtir».lv I>ossibla tliat the eaiiaI mav riever br hiiilt. 1ii this
».vrnt, a bi<!la>gicallv rrrr~tisI'actor> !ailutiairr t<i wata r iiiE<1ily Iirolilanrs wai«lt1
1!robably ba iinlila iri» nt» d by»l< faiilt..

Tire Eir< s< iil stat<is of t}i». Err<>«rain has i» v»raI aiIia < ti a>f ga r«ra1 iiit< r»il,
From tli»' bi»ilogicaI slari»11ioiiit, a ariticaI r<virw ait tli» Iir»ihI<ms i<E»iitifiarl
in licat '.s lliat rionr ii«:a!sarilv   aiis  i a r<.'drreti !n iii Iishabl< ~ EiaiIiiilati<iiii. E'or
rxarnl>te, »o on< kririwi how i»rfia>rtant th< loss of sorn»' spawrrirrg ar<a»ir tlia'
div rsion of marry» «gs art»E larvae is to strilia <E Era~a. lii a Iiili as lirolitir as stril«'tl
bass, substantial loss» s»if thii ti li< might wa II iiol al'I».ct «»Err lt «brrrrrlarre<'.

Surh una < rtairitiei mak<' Eiaith l!ia' <1»'triiii< iiti of tha lira s< i<t iitiiatiairi arrtE th»
ben».fits aif the I'< riIiha ral  :arral s«bja   t t i <!ra<! ti iii fr»!rri lli< I!i iI»!gi al
stanalli<!irrt. 4 < t. e<iiiii<l» rirr« tli» ririrnt>< r <iI' Ii<it»»tiaili aalva rsa' aorrtlitiairrs, tli<
Iik< lihooal aiI ah trini<.rrt ii IirailiaIily gr» at,  ;< rtairilv. Iiast »iarrag< rn» iit aeti<iiii
hav» aiIt< ri ti<» n }iai» al aiir I»'is < airnlil< l» ra ra»E< rst.iri<liii ~. a»al I Ii»'Ii< v<' lhat ma>st
a'.»iriiervatiori ag»-ri< i»;i w<iiil<l ri<it Ii» iilal< t<i <i. < . »a Ii a vial< ri<» t» jii. lil'v
manag< in<.rit actions.

Va.v»;rtha'I<.'ss, tIia ia' rirra'<'rtairr tia! a'< err triE<r< t< t<i t'Il<' a'ail< tr»!v<'fsi<'s «i'v 'r jrls tiI'i< a-
tiori for th» <:anal anr} iiiiI<I< rrra'nlati<iii »!f <rrairaI«r!i< rit a :tiaiii. l<i s<!Ii< lira!lil»-rti!
tEle e<ifial <E i<'s ri<!t !<ill,<' «»lta!llratl<'allv. 'Xl Iir<'!<'rlt, niai!t gfailiI<~ aa'<'»'E<l t11<'
biolo«ical jiistifia:.atiair< fair tli< a: »rial hart ali!agr«a>v< r tIi<ii» lia rtai<iirig tai < aiial
<!~<» raliaiiis or, iii <itIi< r w<!r»1i, lo th<iia'  :»!rl<'<'rlllllg arri»!liii'l!  if w'rl<'r allow<'� t<i
flow tlir<iugli th< 1!a tla.

Tire  .:alif<>rrria I!< li'irtiri< rit  if I''i!h air<i  >am» waiils th<' w'<ter .rg<'rrcics t<!
rA» < t. a s<'l  if teritativ< Ila>w c<!rrditions wheri<.v<.r tEiis carr be rior<» at litlle cost.
I]or<' imlrortaritl!, liow<"v<'r, wa< Ei<'Ii<'ve that coiltiir»itrgr itu lies are imIierativ»',
with tha. intenti<>ri that I'irm crit< ria ba establislreal as soon a. na'<'.d ii «Iearly
dernonstrat«E. 1 Eia lieve the foreg<!in' is c1earIy th» most n'aioriabla course <if
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ni<>st iiiaii.i<«iii< ilt <ilitioris lirior t ? <:aiial <onstr<>cti<>n .'ir< ui>liL< lv to b  v rv
 'ffccllv<.'. <In<I  I! lh<'  l<'gr«'' <?f i<lie 'rtalil tv iii ttie biol<>gi '.al r<'lationshif>s.

As iiiight b< aiiticil>at< 8, this liositiori has l>lac d us s<~uar 'lx it> tile mi j ll<'.
Many ii> tl«' <l<'v<'lol>m< iit agcriei< s c<>iisid<'r our f><>siti<?n to l?< r< as<>nab/<, but
th<' t<'Titiitlv<' r«']illn'Til<'ii ts w ' liav<' i<lcntified hav ' caus<' l « >iisiJ 'rail«' onc 'ri>
ab<!ut t4<'ir l>ot< iltial inipart on wat  r supf?lx eoirirnitni< riti. Als<>, th<' 8< velof?<'rs
ar ' conc< rii«l about th< use an<i inis«s  ol' i«lorinati<iii w< hav  <l 'v< lof><'d hy
ol>f>on<'<its to  I<'v<'lol>iii 'iit.

Mucli oliliositi<!ri to the program as a wh<>l< and also to thi I'< rif>h ral  : anal
has b ' 'ii has< d oil «, >logical con.id< ratioiis supl> >rt d by <»ir fin jir<gs. h3anv
cons< rv«ti<»iists are rn<inbers of th< ol>l><>sition, b<.cause th< v <lu< sti<»i whetlier
the ca iial will l>  ol>< rat  d in a man<i< r c<>ml>atihle with biol<igi< al r  <liiir<.mi nts.
~<?rn  [>ast a<.ti<»is by water <l< v< lolirn< iit ag< iici<s an<! ii!< ~ Ia<'L ol' a clear
administrativ< frani  work for s<>lvirig f>r<?l?I 'nls <'l>co<trap<' tllls attitii<l . Wlar>y of
th 's<' < oiis< rvatio»ists «>r>siA< r «ur li<>sitiori t<> be < ith< r riaiv< or subs< ryi  rit to
th< wat< r <l  v< lol«r..

A n «I <dilemma is that <onstr<i< tiv«>lili >siti<>ri will li 'll> iissiir<' a<j<'quat<'
c<?nsi l< rati<iiis lor biology<:a! n«ds and n>av, iii fact, b . ii«< ssarv to g<'t su<h
consid<'rations. Y  t, such <ippositi<>ii < ouM < asih get out <>f control arid l?<' <is<'d
by oth< rs with diff<;rent f>olitical rri<?tivah<!r>s to prevent caiial c<>nstru '.tion. This
would resiill. iii  .ontinu . I degraBatio<>  >f th  svst m l>y incri as< <l   xl>orts.

Th . I! f>arttnent of Vish and  'am<> s f>r<'sent positi<in has <>bvious irih<r 'iit
dangers, Vss<»itially, the p<>sition is has< d  >ii th ' l>retiiiw'.s that mut<iall!
a<:c< l>tal>le s<>lutioris are availabl ' ar>d tliat all parti< s c<?nc 'rn  d will act it> good
faith iii trying to impl«ment su<:h s<ilutions. Its success  lel?ends on bi >logists an<i
enl;inc .rs recogiiixiiig an<i solving pn>bl .tiis facing both gr<?ups. W  ar<'
encourag<; l in this apl>roach by g< ri rally b< i»g «bl< lo rommuiiicat .   ff < tiv 'Iy
with ni any engin< ers in our Wat  r Resour<  <s f!q>artm< nt whil< s<» kiiig niut»ally
ace< l>tabl  soliitions. important failur<.s still  >cciir iri <?ur <l<*ali»t~ with Wat<r
R '.s<>ure 's arid oth  r «g<.nci< s', how< v<.r, I submit that this is the inost r< sf> >nsibl<
au<3 ra ti<iiial «:?urs< for r  achiiig are< l>tai>l< s<>lotions t» r< s<>iir« lirotilenis,

llop<'.fully, the l>r< serit conc<.rii ovi.r < iivir<>runental  jet rioratiiiii will cn ate a
climat<. mon. eonrlu<.iv  to this al>l>roach. t!n< inp'<. li< iit   ss ntial to su<.c< >s will
l>r<!bal>ly alway» 4<. ari ir>l'ormed an j iiit< r< st«l liiililic revi< wiilg IT<a<lag ;m<'nt
pr<!l>osals aii l  l<.cisi<>r>». '1'his, of c<iiirs<, is an irnl>ortarit r<il<. l'<>r th< liiit>li<
gr<><l f>?i particif>atiiig iii this < onf<.ri ri«:'.
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valii<-..s in th<. .'ian Vrancis<o l4y an<j f!<.lta. Stanford I<<scar<.h lristitute,
f'r<>j ct .'!8,'0, l 78 l>l>.
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 ;f><><fwj< h, II'>r<>l l k. 19F>4. Ann<>;<I <>f»»«<I;»» «<il' i <>«»>«, trif» <I fi;>s., A<>c<'us
s<>rritiliv, n> tli< >««<r~m«nt<>- ion f<>a«I«>»> I!< ft >,  :<>f>l«>r<>i,>,  .'.>I>l. I'i!Ii n><f
 i<»<«<, .'> ! '!;F>F!-9<!,

 :I>J<fwi< h, }far<>f<f k. I �}3. iaaf<>rt~lih r>t«;- i<i tl>i  ;;>Ii}<>rr>i;> !trili«I
I»l}»<IJl><»l.  .<>}If. 1' tbf> <n><J  ><<n><', ~ >'1�! 8-'4F>.

I!« fta Vi!1>;»>«I %if<}}i}«. Pr<>l«< ti<in St«>«}v. }«!F>l, '1'f>< « ff« t <>I w;>t«r <I«v< f<>f>-
fn«'«>t <»> 0f><' I !< It>> «rivir<inrn«»> t. Ii< Iit. 3<>..'3. t:a}i I . I !«}>l!. <i} I''ii<fi <n>«I  '<>n>c
an<} '6'~t< r 11.«s<>i>re< s,:34 Iil>,  'n>j>n«>!.

V«f< r~l 6'et< r I'<>lf«>ti<>n  '<intr<>f rK<}n>inistr~ti<»>. I <! ><. I'.'I}< « . <il' tf><' '>'>n
f<>e<f»in A}@it<'r f!rair> <»> wet<'r <1»;>fiti <>F tfi<' 8;n> I'r<n>< i!«' i }3 >x;«n«I I!«'It>-
I  } } fili,

k<>is< r I',«>pi<>«< r,, }9r>9..'i'» 1'r<«>< is«> f}'>y-1!<}t;> w;>t< r «I«».}its «»>tn>l I>r<>-
p;»n I''i>i <I r< li<irt t<> tl>«'.'it;>t«' >I  ,'alii'<>rni;<,

f> r<»«c, II It, }'! >t>, I'r«li« t«l !«>!Iii <i<}i <I !< «Iin>< >it i>if}<>is t<i t}><','i;»« I''r;>»«'j!«'>
}3,>i .-» ti n>. I'ri  i'>ri «I l<>r ll>i I'«li r;>I 9;>t< r I'<>f}»tj<»>  .<»>tr<>f K<I«nin.,
. <»>lf>>«<'!t I <'«><»>, 3 3 fili.

II<l<lthi, I �>rr< I !. <>»«I f«rr« I,. 'I'«rni r. I'!F>7. If j«f> « »>« »tr >ti<iri.- <!I t<it;>I
«fj!!<>}i«I !«i}i<I! }>}<i< h !}>aw>>i»p n>ip~r,>ti<»> <>}'!trili«<f f>a!!, I<<>r < us.ivrv«lilis, i<i
tl> ~'>» J i@<}<iin ttiv«r,  :<>Iil'<>r»j >. 'I'r,>n!..%tn«'r, I''isf>., i<><'., ! >  }! } ! >-f }7.

'}'<iriii r, /«rrw f., I'J >l>. 5«;<!<»<el «li!triliiiti«in <>I «-met;<«'«'«» I>t«nht< r>< in tf'><'
~'>< r><«ni <>t<>-.'i>««>,/<>««<I<>jn I!<'lt <. I'>««! !.>-l J'I, I<>', I':«>I«>p~j<;>I st<><fi<! <>I tf><'
~,«< r»»>«»t<>-~,>n f«i;i«l<»» «!l>«;>rv. I!. K, k« lt«i  < «Ijl<>r!,  ;alii'. I!< !it. I''isf> a»<f
t ''»>«<, Vi. Ii }3»ll, I '3'}.

'I'«>rn«-r.,f c rri I,. >»<I II;«r<>I<I k.  :I>;«fwj< I, XI!, Ann<>;<I <}i!tril»iti<»> an<}
«<I>«>r«<f'»>«'< «>}' x«>««>g!}rj}>«<l I>;>!! i» r« I;iti<»i I«> rid< r f}«>w it> tf><' +«< r<>n><'nt >-
J<I 1 < ii><l«><'!i i'!I<><>> v .

'I'«r»~ r. f <'rri I., '<«i<l 'I'in>«>t}>i  :. I'';«r}< «i . K}!. ~<»r«<' I;>I><>r'<t<>ra <>Ii!«rv;iti<i>>s <»i
tl><' «'II<'<'t <il' }<'<n}><'r >tnr<', ii<lj»iti iii><l <Ii!!<>la«'«I «>xv~~'«'>> <»> tl> ' s<<rvi1 '<I
itri}>«<l }»,!« i~p! e>«<l I<>rv<««.



CLOSING REMARKS BY

SESSION CHAIRMAN

Richard A. Geyer

l!r. Cronin's definition of an estuary is much more concise than the one l
suI~gested at th«outset of this session. The fact that almost a thousand estuaries
hav«h».» n id»'.ntified along the 1J.S. Coast is indicative of tlie myriad of natural
complexities associated with thc origin and characteristics of these coastal
phenomena. Therefore, it is not surprising to find them affected to varying
degrees by tlie activities of man, as weH as their affecting him over a wid»:
spectrum of scientific, technologic, industrial, political, legal, economic, and
so«iologieal activities. He has also emphasized the tenuous state of the natural
e»luilibrium in wtiicti thi » cosystein exists in estuaries arid how deleterious many
of the» fl».ets of ma»i's aclivitics can be in maintaining this precarious balance.
The «ighl basic charact»risti»;s of th««cosystem of estiiaries which he listed
represent the major common-denomiiiator factors that must he consid«red in
studying sp» <:ific estuaries wherever they might exist.

'Mr. Chalunan's paper dramatically highlights the critical probleins occurring
froin the intense competition for natural r» sources. This is brought about by the
ever-iiicrcasing ecoii»miic and sociologic d».mands caused by a burgeoning
population. Not only would the important Texas Water Plan have a direct,
perliaps irreversible, effect on some portions of the estuaries', the indirect effects
on those areas must also be. considered, Th«se result from what might be called
the by-products of the expected major incr».ase in population in Texas, in the
form of industrial and Ii»iman waste disposal and the simultaneous need for more
coastal rrcreatiorial and living areas. llere again, wise objective and cooperative
research arid planning on the part of scientific and regulatory agencies at all
governrn»;nt 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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Th<' ne ds and d<.rrianrls of all th< Ii< olil<, th<ii< liyiiig irilarid ai ~< II ai thos '
living on th» coar t an� in i»terstat< as w< II as iritraitat< areai, rrruit all be
consid< rrd in r achirrg d<'cisi ins resirlting iri ari «quit»I>I» solution for aII
s< gm < nLs < if our so<.i  t.y,

lt is eneouray'ng fr<irn Mr.   hadwick's talk, in sorrr» ways, to see. that Texas is
not th<'. only State reqrriring exterisiye I ing-rarrg< wat<.r dcyel<iprnerit plans to be
abl<l to coI!e effertiv<1> with iLs firtur<. Iiopulatio» rr«.'.ds. Also, Mr. Chadwick
was ahle to demo»strut< slierifieally arid quarititatiyely s im<. of th» actual
hydrologi<:, bi<rl<rgi<., arid g< ologi«< fl'ects r<.suiting frorri the proli<isrd <:hang<'s-
Tlie data Irresrnt<'d, f<!r  xamlil ',  !ri the rff< cLs of iri  r<"rriing salinity  iri the
migration patt<'rris and ni<irtality of strip< d bass are liarti«iilarly sigriifi 'arit. The!
r<'lrr<.s  nt th  tyli«if sli<'eifi<'. i<.ieritifie irif<irmati<iri r< q rir< d  iri wliieh objective
r<'gulatory m<'.asirr<is <'ari I!<' bas<'d arid ad<ilitcd. They derrr lrrstfat<' 'tll<' ri '<'d fof
sirrv<'ys of this typ< ai w II ai <atibratiori, inv»nt<iry arid rn<iriit<iring vari<'ti< s'
<inly tli<'n can s<iir»d  :<iastal /ori< Manag< rncnt d<-cisi<ins and liredieti<!ris be
made--on the basis <if faeti rath< r thari irrt»nti<»rs, srilijectiy< analysis or, worst
of all,   motionaI reaeti<>rrs <irrl>. Llrrfort<rnateiy, tire latter  .'riteriori ii us<'d rnueIl
t<i<i <ift<'n iri tire liromulgati<irl iif d<'cisi irii I<< rtairring t<i c<irii< rvatiori liraetices
a»d s<rlri«qu< nt r»girlal<iry aetiori.

 .<rrnmrrnieati<irr, «i<ir<liriati<ir, i'<i<ili<.ratiori � thi» thr»< C s c<iriititirt<'. the
c<!rtl<'.frit rrl<  !li will< li «' ftairi s<.p11  nLi of  !<rr s !ri< t! sueli as sciell ;<', iildlrstry,
g<!v<'rrlin 'il t, arid <'I tl'I <'Ils irrust IIII lid t<! at tairi a viabl< s<ilir tiorr t<i tli<' multi-user
lir iblerns involv d iri < iliritalil< and < ffe<:tiyi' C iastal / in  Management. We
strlri 'I <iri th< thr<'sir<!I<I i!f  I« isi<in. Pr<irrastiriati in is n i I<irrg r eitlrer profit-
alile <if 11 issibli.. Th< i< lir ilil  ms must b . solyi d i<io» <ir ! i»iety as w» know it
t<i<Iay will niit ev< ri «iritirrrr< t<i   xiit, much I< si fl<iurish.



III. AFTERNOON SESSION



OPENING REMARKS BY

SESSION CHAIRMAN

James E. Sykes

Bare !u of Commercial Fisheries, Biological LaboraIorv
SI. Petersburg, Florida 3370l

lf 'wi think bach ov r a 20-year period, we «ar! probably recall scv»ral
biological research programs cent»r»d in estuaries of the United States coasts
tw > ih cad 's ago. Thos  an!o!!g us who Jo remember these early efforts are
aware that they wi.ri. primarily species-orie !ted and pr !vided little accompany-
ing information useful in protecting or managing the environment. At that time
thi r» si i med to b»»o great fear that th» environment was det»riorating.

As  hi I 9,"�'s w !re i!n, then. wer» pl»as from professionals that som»thing b»
d !!!i to I!r !t »t the Natior!'s  .stuaries from I'urther industrialization and
p !llntio ! � biit, to th» b ;st of n!y rr«.n ory, very littl» was dont'. Th ' biologist's
vi!iii was to ! weak to bi heard; funds were not appropriated; and resiarch
disign»d to show how the estuary could best s»rvi. humanity did not come
alioii t,

l~lor  can be said about coastal i nvironme»tal r search of the F�'s than about

that of th ';! !'s, Those later v ars were characterized by some progress in
res 'ar 'h, son! ' I!rogress in rnanageme!lt co jsi lclabli.' colnp»titlof1 bi.'twf'en
agi'nci»s in quest  !f fin!ds--and very little funding. Vevertheless, cours 's seem to
hav  bi i.n i.harti d that will have an impact on coastal resources i» the future.

By way of progress in the 60's, there occurred the first  -"ongressional
apliropriation to a Federal ag  nc> that bore the label, Estuarine Research Funds-
The aIipn!l!riatio» occurred afIer some 6 to 8 years of effort spent in seeking it.
l r call this well, becaus . our BCF  Bureau of  ;ommercial Fisheries! Laboratory
in Fli!rida was given access to one-half of those funds and has been supported by
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I''direr s !roti ' .'l'hi» insignificant eau war carried irr subsequent actions to the U.S. Court
iit' Aptirdi, wherr the priricjlile irrvptv<d arid related action in 4errial of permit was upheld.

them ever sirici. Tticy weri. among thr first lunds t» produce ri. «lt» tliat wi rit t�
i ourt. The firrdings weri usi d frequently in public ln aririgs arid h islafive
hearings eorrci ming cstuaririe m idificatiori. Mrirr over, thi i wi ri r  sporrsible for
wlrlriirig several cases fol conservatioir. The nlost prornirlerlt colilt. actlotl wa<
label-Russell  ;as» in Vlorirl;r in which the C.'orps of Fngine  rs, for thc first tinie
di'.nied a drcdgr -fill lir rtrrit on the basis of f'ish and wildlife values. Thr se valiies
weri diicumented and supplied by research biologists,

Then, some lirogress iri other furidirtg has been noted, for exarnpli, in Fedi;ral
p'ant-in-aid lirograms rir P.L. 88-'309 matching funds for fishi ries. These ar .
liiit ting I l.8 rriilliori aririually into rr si ar< h and developrni rit iri si»ith Atlaritic
aiirl  'rrlf < stuaries. A sigriil'icant outgrowtli ril' that furrdirrg has b» i ri thi  ;uif of
Mi xico t:oriln rative Fstrrarinr ~ lnvi.ntiiry. This was slirinsored by tlic  'julf
Marinr' Yislierii s  'ommission, iiperatr',d c ioperatively by the  rulf States arid the
l3rrreau rif  ;r>mm err ial Vishcrir s, and funded itnder V.L, 88-309. lt bi'gari
lirodiieing a rnultistate base fine of estuarine informatiori � descriptive, scdi-
mi ntolrigir:al, hydrolopr'.a!, and birilogical. Atlases resulting from this study arc
riow in lirr paratiorr for eai:h itate illvolved.

Aitlr !trgli it. is liossibl» to identity some furids appr<ipriated l' or research arid
rnanagr.mr nt iri the  �'s, it was pitifiillv small progrriss in relatirm to the rieeds.
I'erhaph tlii ri wi re si;vi ral reasons' .spari programs, the war, iriappropriate
lnilitir «I tirrting, i'tr'.. lt wiiulrl lii rrrrfair, h iwcver, if governmerit agericies did not
aei i lit sririie iif tlri blame, thi msr ives, Resr arch arid conservation agericies have
rnit lilanni;d trigr ther except iri a fr w iristaiices. Marry programs liave br cn
iiiiLiated by separate agi ricies without regard to plans or existing activities of
oth» rs. Scientists, teachers, and administrators have shifted their allegiarice,
altr rrrat< ly, from oceanography Lo coastal ecology, dependitig upori the diri.ction
iif li<ilitir «I wirids. Now, most attentiorr has been redirerted to the coast where
tlri «< Liriii Sr Cmh Lo br.

lt aliliears tliat a gri.at amouiit of emphasis will be placed ripon pollution
probh riih irr Lhi 7 !'s and it is indicated, at this early point in the decade, that
i»iist furrdh for coastal research arid nranagemerrt may br stimulated through
< iirii i rri river liolluLioii. 1 carinot much qrrarrvl with that approach becaiisc
lir>I!»tiorr is orre of tlic serious threats t<i thi coastal «nvironment. l ani iriclirii'd
to < aiitiriri, lniwi ver:  l! that there. arr oLher serious threats to the environment;
 '! Llrrrt tliroiigligi riiiirie e<iolieration and coordination, such as 1 have observed
li< twi i ri rrt;i ii«ics workirrg iiri the  iulf of Mexico Vstuarine inventory, l am
positivr tliat «ri irrti r-afterr  y alilir !ach to mutual problems draws more support,
:iiiil ri siilts iri a firier product, L/Ian a siiigl«-ageiicy approach; and �! if we are to
liri'serve a Itic]r!l' liortiori <if Lhi' coast, our investigations must br; largr'.ly
rrri«iorr-ori» rited.
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l an!,<i»<! iii< liii«] t<i voic<' ari inilire»s!ori that poilu i<in pr<il!l< ~ ni». altl!<ru�ll
fearsoi!i< iri our < iiviro!irnc!!t. shoi!ld be tl!ought ~!f arid w<irL;<<l witl! in tli<
rop< f p<'rsp '.ctlv<'. 'ion! e <if us d<'vot<' most of our t!rnc t<i r<»< ar< li an<i

manag<!r!< r!l ol iialural product» of the coastal zon<' � fish: th<!w typ<'s four!d iii
food c}]ai!!s, tllosc offering protein for the human diet, arid tli<is< pr<>viding
~creatior!, In tl!e 70's, it would bc advar!tageou» to plan toy< tlier iri acc<irdaric< ~
with a!i outlirie of agency responsibility � conside ring that Lish<'rv orna!iiaati<ii!s
shoul<l conduct studies on the cff< cb <rl li<ilhition <in fi»li, »l!< llfi»h, «n<l tlicir
fopd org<rni»m»; considerirrg that pollution age!!ci<'.»»hoi!ld «mduct »tudic» <in

cff< ct <>f l!ollution on human h< alth arid on e»theti« liialitic» <if tli<
enviro rim ent

'fhe sp<akcrs in th!s afternoon s sessior! are in a positi<iii t<! lir»vi<l< ir» with
cpns!derable insight into the biological significan«: of < stuari< s ari<l »<ir»«if  l!<'
serious problems that we face in maintaini»g their produ<'tivity. Ttr<'»<' tl!I <'e
gentlemeri know morc about estuaries tha!i mo»t; they .hari a c<inibin«l w<''!tth
of experience in research, rescarcli administration, and t< achinI�. lf wi <'.a!i h«<l
the type of guidance that these three can offer, we shall b» able t<i n! !nag< ni<i»t
estuarine problems that confront i!s in th< fore»<easel< future.



THE BIOLOGICAL EFFECTS

OF ESTUARIES ON SHELLFISH
OF THE MIDDLE ATLANTIC

David H. Wallace

l!i<i.<ion <>f'.M«rin< A  :o<sxl«l ge«>or«s, JVe«~ 5'<irk  .'<>neer<:<gti<>n I4 partn<er<l
i<or>I«>nkn<n<>, i%«<> Yr>rI> I I 779

A «>nfr<>nt<>ti<>n i>< takir>p< }>la« i<i t}><' w;<t<'r~ <>f I}><' Mi<}<}}<' At}an i<' ar<'a. '}'his
<x><>fr<>n ati<>n i~ th<' i<nl>a<'t <>} n>an i a<'tiviti<'s an<} a<:ti<>n» o<> t}><. <'it»arin<
wat<r~. 4<><n< }7 <nil}i»>i Ii< «}>}< liv< in a<>d ar<»>n<l Ni'i w Y<>rk  ;its, adja<'<'nt tn
t}>< >}><>r< i <>f }>ai~ a<><} riv< r>,. '}'}>< int< rfa«}>< tw«n man and th< n>arin< wat< rs
ii at t}>< ih<>r< }in<'. '}'}>«'<> <fata} < nvir<inm< nt hai }>» < n }<>sin}. ai man's u«'+ <>f t}>e
wat< r>< hav<. in<'r '.a~'<}. An i<i}'<irrn«} an<} ar<>n~'<} 1>l<b}i  wanta an all-<>nt < f}<>rt
t<iwar<} I><ill<>ti<»< «bat< rn< nt an<} «'»>tr<i}, l}<>w< v< r, th< taiki <>f ni« ti»g lil'<'
<I«''<}i an<}. at ill< MIlt ' tlfn<', }!r<'i<'r<'i>>g l}«nnn<n<' wat< r>< i<! t}tat t}1<'% <'Jr<
r< n<'<i< i }Ir»<}l>< liv<' f<ir f<><><} all<} r«r«". ll<>n ar«lil>a}}in/}> «>rnl>l< v. V<>r
<'x;<nil>l«', >v<'l 4 >IEilli<i<i < >>}>i< iar<}i <>I' ..< wag< .'<}«<}p< an<} <>t}>< r «<ili<} wait< s ar<'
<}i.< }«.rg«I;n<n«'<}}i in t}l< 5'<'w Y<>rk Ikigl>t. 1',If}<>< nl. fr<>n> .'<'Hag<' }>la<it.
an«»»>I t<> <>v< r ' tiilli<»> IFa}}<>ni <>f Iiriinarv an<} i«<i<i<}arv wa«t< a «}>;<rg< «l wit}>
nltr'4l<'5, I>l><>+I>}<'ll<'i, 'n'l<} f«'''>I t!'I»' }>a<'t<'ri'<.  .<>ntr<>}  >I t}l<'H' <' <in }iti !>«.' « <><>l
in ~i}<}>t Nith<»it n>'<iiiv< inj« ti<>n> <>I n«in<'!' 'in<} nnnl >«'n<'r}~!:. An<} i < t w<' n>uat
>lv<' t}<<'i<' l>r<>l>l<'ll>>' <}<>I<'kl'<, <f <»n nlarin< wal< ri;<r< t<> r< n>'>in «nila}il< f<>r nw'

}>i <» <<»,

5 <>rh ha; t,>k< n . <»n< n!aj<>r «t<'I» l<> n«'<'t t}«i chat}< np . A 1><!n<} <sbn«' >f
8}.7 liilli<»> w,>i ~I><»>i<>r«l }>a th<'  i<>v<'rn<>r an<} <>v<'rw}><}n>in@}1 a}!}!r<>v<'<} }iv

v<>t< r. in I'P<>.> '>~ t}l<' f<><><><}at><><i <>I' '< I'<<r<' i%at< r~ }'r<>pa<n. Su}>i«}<>«>t }arg<'
alil<r<>l>ri<<ti<»>i }»<v< I>< < <i 1><>i«<l t<> 'i«''< I< rat< }i<>}}<>ti<in «batem< nt, }int it ii
<}<»<}>tf><} tl«; t < v< n tli«ar«<»><>b '<r< i«l'fi< i< nl t<i <I<> t}><' j<>li. }>< >«>n>< wayi,
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~ Ve'4 1 rk li i l> ' ' ll> ' l< 'li'.'tlli' ' l »i«l«}. l }li' } '..  >ll.' l»''ll'll ' ] }le'r ' ilia'» ll ' ll 'l f r«1
111 <et lii'1' l»rl'i. »< 1>i'I'i' i'llrl »'1'I t <' in [ill< illi «J'i' «eil iii a» "« le'.

]'e>l}»<lie>3» Ire>ill . i '>  »e i;i<i ] i'h»'nli<';1}.' a<3e] [i]3'». i<»1[ a[ti r;ltiiili. <>1' »>ilr Jliari« 
i' ll! itiilllili'ill 'll »', »ll <31> i>'fiilii<il>, t}li ~~re al» il t[ln iti t<i <i»lr r >;lit;11 Wati r.. ]: Or
Jna«1 l t'al'i. ill»' r '<'e']>t'3<'le' [<>r Vw 'JS[»'S W«S t]1 ' ll 'are'st i' ll »'alii i>r luke . A.' niall
Of>ie'rV»'<] l}li'  ] isaac' f >«i e' [ [e' 'ts <>] l]1rsi' 1<''lli ><is, 11<' lilt'J'li' ] [11S»'ee»'i t<> l}1»
 'Stl» lri»'s a JJY] i <iaila] Wali ri. '}'h<   a[>aCJty O] t}3 'S»' Wati ri t > «]>ii>r]> W«, t< i
af>f>»'1« i' ] Ill<]1«1 tt 'il. 9'< kll >W Jl iw that t1!ii i  !JJ< [llil<!t'1 W;ls i'rl'»>lie»>»li. 1!rasti<
iti [>. ari rli i.i is,»r~ t<> r<irri i l l.]1».ii »'rrori.

POLLUTION AND SHE LLF ]SH

'f'll» i}3»'ff]iS}3 i33 f33 strV Wa..  ill« it t}3»' ['iret m;iril« in<]uitrie i t<> f« } t}i<
[>ri ii«ri [rOnl [>»>lliltio». 'I'h<' JY<lt<lr«f ]la]»tat <i} <>V. ti ri is ill i it«arilli wali ri
w]Y»'r< L}3< sa]i><ity r<3 33»>  i fron3 7 lo '30 [>arti <>[ ia] t 1>i r ]  X� ]>art of' wati r.
Th»'Se' C<333<fitio»s «r<. }'o<3 lief ill th< }OW» r e'St«ari<'s ane1 o«r   iti» .' have  ]ev '}Of>« f
ill pr»'Cis» fy t}1< Se ar».as. ]]»'.]<>rC l]li lilrri Ot L[3  C» <it<3~ e Orl<. <>f the ri nti n <>l l]1»-
Oyit< r i»<f«StrV Wai ill R<3rita<3 Ha»', a<fjar< Jlt t« N 'W Y«rk  :ile», As
1> >[>«}ati»>11 [e'r< W all<] lhi Wali rs f><  .'a333< [YO}]ut '<], tile <>i Strr i33<}»Jstri w;ii [<>r< i  }
t > Jlli rati i ail» rly i»> I,oJJp }s]and. T}Yia Sf3i]t <>1' oy. li'r Cu}tiVati<>JJ aWa> fr»>tn
f> >f >« l'1 »' [  'i'nt  ri }1;ii h»'»'JJ ri.'[ i»'a l» i] in  .oJ3 1«' 't ir ill, Rh > ]i' IS]a31 f, A[assa
< hi li» t li;i Ji  [ 5 <-W,I   rei V .

1 t ii Jli »»'. sary te> krl<>w son3ct}3ing of lb< lil'  history <>1' t]1»»» st» r to
3333th< reta»<] tll« .a«S ; a 33<1 < ff'<  .'t r< IatiOnahi]i bt'tW '.r 3> 1>O]}uti<»1 a>Jism ihi }ffis}3.
f !»i iti ri r  a :h, i X«3»f 33<at lrilee iJJ t}1< llie]<ff< Kt}all ti<. ari'a ill Jn»>il ra. i i ill t}3 »
S«': >3»<] <>r thir<] > i ar  >[ thi'ir fi]'» . OVil»'rS S[>»»WJJ W}1 'n t}1<' t»'ll> fi '1"itllre'  >1 t]le'
wati r ri a .}>i s a]>»ill l e l!' f'' ili t]l»' i«llllll»'I. T}li' <'gs afi' s}l»' } iri to tfle wati l' '33>t]
1< rtili><gati >33 taki s [i}a< i thi ri . 'I'hi f» rti}iZ   ]   gg  }<' < }<>[i. illt<i a fr»»'-sWiJYJ 333iJJ[,
]aree'3] i '»«»'. Aft< r lw<> t<i l}>r< i wi » I s, l}3< li»y l«rval [or333 Ylluit }iJJe] a s<>}id
<>f>ji < t ['iir all.;1< ]Jr«i »l.  !t}3» rwi. i il ii»ki l<i l}i» ]ii>tt<>ln alii] <]i< i. A['t< r
.<tl,«']>333<'Jlt, l]1  <>i il< r ii i  <fe JYtar 3 ilrll ;i Jnov  <] be» it irmi or ]>1 JY>«3>, .'i33 'e l}1»
Wati ri i« t]1< ii]i ]<}f»..ktfarlti< are ri ]atiV» fi i iil<} iJJ Wiiili r, t}>i }ii ri»><f <>[' p~re>Wt}3
ii < >i»]V 8 t<> 9 ni >11 ths o] t}3». i i ar. iufn< 4-5 X i ari  >[ [er »i l]i 'iri r» i[uiri i] I iir l}ii
<>gite r lo ri a< }1 a 333ark» lah}i siz<'. f!n the i>lhi r hall<], ili  '«ll' wali ri, a
C >J>1]iara }i[i ..iz< Yliay ]i<. ri,i  }Ji  ] i Jl ] [] «1<>lit]YS

A}333<>st all i>]' t}1<  >y iti r [irii<I«i.ti >11 irl thi Mi<f<]fe At}a<lti< r< i»3}ti tr<>333
fillvat»' i'lif ti92 ati ><Is i>li ]al><ji ] 'ae»' ] 'lu 331�IV1 ]<3«ls f>5 ill»' ~ il«ti'  [ ig. } !. 1 }3».'s<'
f>ra .'ti< i i }Ja' »' <'liat>}e'. l t ]Y»' larYYt<'I i l >  f»''V i'10[> a }life}3  ]e'gr '»' e>[ Skll] 113 'lh 'Jr
<>[i< r »fi<>«.. [}33]'<>rt»<33at» ]V, t}1 ' Hh<'I}fis}3 }arYYY 'rs }YQV<' «O  .'OJJtru] OV»'I f>O]1«t«lite
Whii }1 ari [e}a :e <] i>i tfli W«ti.r, f!'VSt» r }arV;3<' <»re' s»'Jlsitie» tO [> ilfillante.
i<<c»'e'sif « I re']lr ! hli tl«« 'it >f >s JJ1 [>e>}}« le'e] Kat<'r>i }' urt]1»'r Ilor»' sil»Ce' &h»'1}} ieh
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I'ljfapc I

I'i «I »» th< rni<.r<i~«alii< n>at< rials i» tI» wat< r, th< i i»gi it th< Iia< I< rial
«<>»tauri»a»is in wat<ra h<'avili la<ho wilts I'«al tea< t<ria. At thi. Ii<iint, sn<'h
, I» llfi. h he<»nn»»s<titaIil< f'<ir raw «-»>. n»>I|ti<>ri.

V<ir th< past I ! y <'ari, th<' <>yst<'.r in<In. try i» th<' 51i I ]I<' A tla»li< hai h«n al a
I<iw lcvi'I  >I" I>N!dn<'ti<»i  Tabl< I!, II<>w~ v'i r, i» 5<'w 3 <irl<. four < <>rnm< rcial
hat<'h< ri<',i ar<' »<!w gr<jw ir>N~ ii cd  I' ig. ' !,   !> it< rs air< a<ji Iilant< <I sI><»Ild ho<!st
Iir<i<I<i< ti<>n s»I<stanti slly in tl» ni vt i< vi ral y < ari.

Tab1e 1. Production of Oysters ut the Middle
Atlantic '8 tates From 196049  in
Thou%Olds of Pounds!
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Fr'gure 2

1 ard «lams ar<. far»>or< adjustabl« to «»win»<m«»tal d< t< ri<>ration. Tll<'~;<li«
lie< in  h< l«w< r <'stu <ri< s. Stra«gi I<< < »ough, th« lan <1 ~tag«s hav< pr«v<» t<i 4<
Blor<' hardy the<i th<' ! t»»Eg <<!'ster i. I» Harl ta» Ha!, wbt<'h <s h<'a1'Ill
«<»<tan<i»at«1, hard clan>s still papaw» a»d n pruduc< .-»«.. < s, 1<<Iii.  Jy, t< r,
disal<p< an'd from this ar< a r»a<» y< ars a@<i. 1»v<»t«ri< s i<«li< «l.< a sta»<li»«hard
cia » lrol!ulatio» th< r«ol s< v< ral milli<»> butyl» ls. 1iut this c lan< < r<<p is a !<azar<l
rath r tha» an ass«t si»«< th<s< sh<llfish an »<iaaf< t«b«at<<< raw. 1»t<»siv<
p<>li<'ir<g is n«c«ssary t<! pn'v<»t tl» sc sh<'llfish fror» h<'i»« l>la<'.«1 <»< th< r«art <'t.
4in>ilar «o»diti »» < xist i» imari<»<s locatio»s i» th< Xli<1dl< Ntla»li< ~tat< s. llanl
<1am pn<du  tio»  Vip, .1! hus ris<» gn.atl<, i» 5< w York <>>< r th« 1<est t<'«l<'are
 Tabl< "!. This i»cr< as< has resulted from a s< ri«s of «xc<;ll<»t scL~ i» s< v< ral bass
al<!»g th< south shon of l,ong Island.

Th< third sh  llfish sp«ci«s which has b«..» of importance is th< s<>ft <:1am.
1'nod<><.ti<r» <>f this sp<.<:iv.. in both Ncw 'fork a»d N«w ]«rs<'y ha' 4«c» a« low
1<'.v<'.I. Th< main center of soft clam production has shift«d fr<im th<' N<'w
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I'ig«r» 3

I':i<pl«»<I a»<l Mi<I<ll» Atlan i< ur«is t<i tll<'  ll<'~«I»»'al i. Aqui». tl>»' I>r<il»kt!I»' »''<u~» s
<if tliis <I< rliii< h«v» li« ii Ii<ill« ti<»i a»<! Iil<ysj< ul » i<a«g» s i»»iiir» st<i«ri» ~.

IMPORTANCE OF WETI ANDS

Iii tlii. <Ii<I<Il<' Atla»ti< «r» a. ai < ls» wl>< r», ». tiiari». ar» <is«I f«r i<>an»i
liiirli»ls»'s <Jtll<'r thu» alt< ll tish» ri» .. 'I'h» i,i»ni ai hii~liw;<>, t<ir < «r»r»< r»»'.

Table 2, Production of Bard Clams in the Middle
Atlantic States From 1960-69  in
Thousands of Pounds!
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Figure 4

r crcati >rial boating arid swirnmirig, and as sources of sand arid gray 'I for mar>>>
purl>os s.  :bann»ls must b ' dr .dg d for ship[!irig  Fig. 4!, As p 'opl» hav« tri  d
to mov  clos  to th   'stuari«s to live. wet.lands hav  be 'ii fill d with sand
f!I!mf! '� fn>ni th» bai s. I.Ious»s are oft 'n built ori fh ' fill 'd w 'tlarids, using
s«l!tic syst ms for s ;wag  di~l!owl. 'fhcse kinds of devr1opm  rite damag  thi.
 .tuari . i»;It l ast thr   wais, First, th i destroy th  riatiiral l   hirig process»:,
wlii h arid riirlri IIL~ to th ' mari>i« habitat. Wetlands ar  th  fo >6 fact<>ri s for
 Hir  stirari  s. As th« tid«s wash ov .r them, th ' nutriirits ar» releas 'd gradually
frorri tli  s  marsh s t » rve as the base for the f !<>� cycle in ttr  water. As th«
w  tlands an filled and bull fieaded, th  se sour   s of nutri »ls ar  «liminated arid

[!rodri .tivity of th  water is r  duc .d. !secondly, th . w  tlaiids are iisually
fill  d with sand arid grav .l from the bays and   stuari  s. 1ri this sand ruining, the
sl	!sfrat ' ri ' '«ssal y f !I' tire grow th of stl 'llfish 'Is reBlov 'd ariel the p !teiltial
produ< tion is redu ed accordingly. Thirdly. tli« leeching of c >ntaminarits l'rom
lli ' s 'l>tic syst  tns back int > th   .stuarirs rais  s th  1 'vel of f>ollutiori and furth r
limits shr ll fish f!rodu :ti >n.

Marry sci»nlists b  li  v . that the salt marshcs  Fig. 5! in our coaslal bays aiid
tritiutari  s an. of criti  al irnlN>rtarrc to th  ecolop. of these water.-.. Th  y beli  ve
that tli  s  marsh  s rtiust b . pn scrvcd to maintain the basic l!roduciivity of thes '
 'stuari  s f.oss  s of w 'tlarids irr the last ]5 years have teak»n f>lace most rapidly in
th  urban and siiburhan areas adjac .nt to New York  Fig. 6!..'>iric ; 1954, New
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$<!rk Iia, I<!.'t «f!<!nt 30 fi< ri i'iit <!l il! hi tf«<Y I~  'I'«f!l<','$!, 'I'Iii! Ii«! 11;ifif!i'iii' I i V<'1!
tfYO!! I< lfii r< iri' 111!rni'rni!! 1 Y! libel! t< 	<' < f!Y! f!fi< <'r<!<if!. V <!rki<!< tii ti< II! !!« tfii . i
rnJrr<11 l«Y!Yfs;!»<I «<fj«  < Yil <YY!YI  rw«li r 1<<11 fs. I I!< tiifi <il if<!triii liiiii Iia! tiiriii  I <ii
tfi ' I Jet I <'w l <'Jrs.  .<!Y!n«''tt 'ill 11'is f!«!!<' l I its. <rl  in  lf'!i' .!tiil<' stl <!nfr f! !92~ <'r. l<'1
< or> tr<	 w<'tf«»YIs. B !tf! I<'w,} i'r. i <;<n I Bcl«w Jr< fi«s i' Ii«il «pv< . sir< i!cqni!iti<!r!
I!ro4~1rJms. I i Ncw York. thi f.<!!ig I!I J» f LA'< tf.!Y! I.:X< t aiitf! !ri!,<! thi .'>tat< t !
g» t< r ii! tn c<! ! I!<'r aJtii c «grc  ni 'nts w itf1 I n'JI g<	 'i' f YI <ili'1<t t<! f!r<'s<'ll i «iiif
  rill«llc  w< tl«!l js.

Table 3. Extent of Coastal Wetla»ds in Middle Atlantic

and Adjacent States and t.osses Since 1954'

VrOI Spill!!< r,  >« Ng< ~ t .. '5 Pla!! fiil Ylli' illari!!< It<'S<l«r«''s
uf tflc Atlatl'tH'  .A<!slat l<!<lt', A<11. tv«'!g. ~<!<-'., I 9 !9,

UY!YI< r tfiis }!r !grJ!n, s<!tiii' I !,t!t!t! <il' tf!i ri n! Jini!!g .I'',tt Nl «< ri! .iri
f!r<!li.i ti <1. AY!<!tf!< r 2,,� f J< ri . <il wi tf«»<I! «ri iiwi!i if <»! t ri«I! t t!i tfii +t Jt< iir
I<»:Jf g W< riin!ci! t J»d an fir<iti < li  I tr«YY«f<'!tr«< ii<i<1. ~»t!;t«<ili«f «i r< ««<! iii
i%< w Y !rk ar  stiff I!ri~«t<'li <iwi!< <I «i! f;i < <YY «< t!< <If'  li> Ii< i L<!n tii
3<'V<'I !fi<'.r. 1,«<l f l 	' h !<!s<'s a 'Ij'»'<'Ylt tii if!<' w'iti'r i- «l .i t! i«I! fir< ii!iiii!i, ii!i i xi ri
littli' r< in«i<is

'I'Iii ir<!Y!X <!I tfiis ki!i f < il ifi > < I<!fi»1< <it i! lt!«l it  ! I ti»!,<t<'I'< ili . tr<i< . lf!i i i r<i
thi<!gw lfi«l fii <!fifi «ri !« ki»g «. lf« 'ii tri t<! n!<! i fr<i<i! tf!i' i ilii . lii tfii
s<'«sf 1<!r<'+ li! <'!lj<!~ if!i' «<!<!<I tfll»g~ iii fit'<'.

I<i N< w 3 <!rf . tfi< ri . < i 1»! l<i fii <!»li < in« . !I i< li< iii lii l1 i!. fir<!f!f< ni, 'I'fii
I!ri'V«t<' W<'ll'111<1! <:Jll <!»I<i 1!c f!r<'!<'Yl<'<1 l<	 I<it<!i'i' g<'lli'r«tl<!ll. tflr<!l!~"I!
a«' I<iiiiti !Y! b!i ! !Y	<' 1<l'<'I I il "i!'<'<'rnnl<'Y! l.

I,Jr[<' ari J! i!l' iifi!t,il< X< w t'<>!'l I!.< < I!i i 11 -1 I;i!i<li .i! I'iiri . l f!r«< ri< - .iiii
IiJr<' I!r !t« 't< � in<I<'t i<!it< IIi f!x tf!i' .! t«t< !.<!<!!tit <! t i<>». I ri -i Yl <'. t<! firiili < l

w< tfan<fs <J»< I tf'Ili! t i nliii!! l Jill if!I' !»tt'~~l<tl iil tfl<' w 'll;iiiif! »!ii!t bi <fi ii
«'< ~<!<!Y! a'! fl !s'!if!f< .

THE FUTURE COURSE

'I'11< 1Ji!I!i<i!i t<!di<y ii! iifn!i!. t 1 V< ri tl!ii!g }ii i!ig <f<iiii I!i ~~<!Vi riiiii< !it i!
f	'i!Ill!<If, I' ~<'r$'<itli' 1! t<!r f	JY!Ill<!p. Itlll f!fJYIY!l»p i'ail I!<' '1 ii !! fi lil lf!< l;i!t-i»<! i !g
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w<>rl>f »I' t»<l;>i. t!«r Xli<l<ff>' Ktl;»>ti< «it»;>rl«'. '<><<l<l f»'«'><1<>' f>»tri<f <f<, < rl.- il
,<i< ~ <it t<>r tl»»> xt lii> i «;ri t}<> r< i»Ilier>l'. t<«fi>;;<i tf« I>,<ii. 1'<>r f>f;<»,.

ll i><»<i t<>»« lf>«t;> i;<f>r <<>«r..> <i l<> <I«> l<>f> f> «<if;<I«>» <vl«<ft f><r»«t;
f><>< >'<'»<<<>'»t t<> «'>»t<'» I <fir> < tl'< lf<< I''<< l<>r, wl<i< f< <f< l< ri<>r <t> lh> < it»i<rir><
> r>iir<>r«»> <>l iaaf>il> tf<>, l«<li>. i<.-;> t>;<.-i. I<>r f>fi~»r<i»w~ sr< 4< i»» < arri<'<f <>«t. f»
tf <<i '<< a<%, 4 <' »1'<1 N >»<f i« « I»>g Jl tf!«' '<>»<'I<<i«>»i <>f tf<<' i <<<fl<'< l<><> lilt ' t<!
> l t» l .«»r<,

tl<i<t w> ~<fl a< t «p>p>iiii> fi i<»<f;»«<.if«ll«r< tf« ~1«l<ff< !Xtf;»>t«
~ l < t >' l< > i«'>'< >»I f >I llif< 'll> i+ >~<>i<f. 5 I''<>' ! < >rf>. f>ili <'< ><>> f><f<<'<} i<lr i< <1<I '<4'i<l>'r f >< >I I<< l <'> > < >,
«>li>f i<;<;t>' <fi.-f><>i,<f, f» ili< i<l>. «»<lr<>l, i»><f <<If r<.i<»<r<. »»;»<;<«> rn< r>l i»l<> «« iv
I t>'f»<'I>»>'» l <>I I',»b <r<»>I<1>'»li<f    >ILi<'9'l<tl<>». i >I<'>>»' f» r, <'>> i<<<<I I !<'fl<K'<r<' f<UI <' i<f
r>. tr»> l»r«l tl<> ir f>r<>[~r <<<<. l<»»<f>f>i<~iv> <»<i ir<»<<»<'»ti<l f>r<>t> <'ti<>»,<>«f f>r<' >'l1' <-
li<>». 5 ill> lf<ii <'<>»» rt> <f >'»<f>f<;<iii <><> tf«' >'<>< ir<>»>»<'»l. tf«' > it<<i>ri>ii ivilf g<'t i<
»>i<j<» .if <i» <' » f tl>>' i>l t<'»'l <<>».

<iit!> tf» f>r >l>f>'»<. <>f i> wig><;<»<f i>«l». tri;<l f><>lf«ti<>r<. <i> tie»<f,
f>r»' ri,>l«>», >lr> <lpi»~ t»r I'ilf, > 1<., ll>< r>';<r«»<nl< r<>«i <>lf» r <f> s> f<>f>«><»t.
x<f>i< I> iiifl,<lf» t ll«>.-l» >ri<,. f'»li<i> i t<> < «<>tr<>l tl>< I<>;<t> <I «<l< r < fft<><»l..
f < » »I i I> 11< >'r f >f >ll li f» <kit f >>' <f>''< >' f< >f >>'<f, '%fr>'i<<f>> i< t>!r»I<' f ><>4 >'< f >I<<» ti Jl >' f><'I < </
>'> >< >. t <'l» 'l>'< f 11 » I« i}I >' << l> l «ri t <'< ><>< » I«' >', l » i<r<>'. I <><' <'<><>f i »>>' f > << rf ><>i<'s   f'ip~. 7!. 4 i
lf<>' f >> > f »> I ~ < I I» » " r< I << . >''<  '>< f i<. I >'I', f >r>'.si> « <'- I' < >r» > > >r>';« « f <<« >r<' < > ' tf><'i 
<I«< > l»f>»»»t.- r»«. X> «l»rf I>.<.- .« I> <f tc». ti>l>fief< ri»i<f < rit< ria t<>r il. «>a;ti<l
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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 «ffectively wilh this problem.

0»r 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.
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'['lr< I!<  !f!f  <!I tlt  I';I< i}i< II !rt}IW< it;Ir< }!<  <!rrtirtg;rw;Ir   !f' t}1<' it�}fi}!i}jlI!  !I
I,;Im  ! I' tlr<  : !Ii~ rt:;Itj ! II  !I '.I!fsii. Wlti  lt I!r !t,i f< i tlt.rt tl! ' .'Irtrt tinl t «trrng<' <!I

<}1+ 'g<r<l<' l Whist<' III;It 'I'I <is i+ <'! 'I<'tlat <' Il< ll t<! t}1<' t<!!11	!p'  !I Ilklltlr'Il mat 'fi<rf~-
~i g  tel	<, riiir!< r' tf, Ii!<f 'rrtirrt'II t <k  ir fi !rrt tlr  < IIVir !i!rrt< rrt  I 4l  i, l�0!, 't'}I '
t}IS '«'<!r !lf'lri '4 I ! t}tis I.IW itr  «f~ ! < Vi }<»t. }'irst, iit a "f!r qV< iSittg" < trlttir ,
sir <t< ri; } i~ r! !t  !it}i I!r !<}<I«<l I<!<'Sf}a }!t!l ii u}S<! irrt}! !rl  f; lt  rtr< . tl!   }isCdr } iS
gl'  l4 <'r tft'III t}l ' I<! ' I} l!nial tl 'll !ll.,! '<:<!Itl}, t}1 ' <11 !l' '  '<!Irl f!}<'x t}1<' SOCI 't!', tl1<'
raii!r  «!rit}!}<'x t}1 ' w<1! <!I'   !r!~t<irt}!tj !rt, }'ii!al}y, th< rrt<!r<  <!rnl!f 'x th ' wcb  !}'
<  !S!i<<<i! I!li<!rt, t}1  gr< ul< r t}I< w;Iititg<',,'!Iltnff f!kl 'LSg 's <!I  ra }   ri Nt } <;Ititrf!  Irc
~ m e'<I nf't 'r }!  ~ irrg trr!f!a 'k<' } I'r !rrt !ljgfttfi lure r I!a kitg< ~, wlri '}I W n it !r  } ir<
f irg  r I! ! .km'» i ~I'I< r }! i<I' .i}!i}!f!<' I irt still farp r f!a<} Ig i, <Ir! } i»;<frit »t «rl
In fi rri t rr ni.

ll it}ri!t I}I< I!' it  } II! ~, w< irt l}1  }''I 'iI'i<' iX !rlfrw< it }1 IV«r«<t<  } iarj !<ri >tat<
<'ill Ir !I	11<'Ilt'Il c«IIII!Iiwi<!rli 'lr! l <' !Iii! 'ifi, iri '}� }irIg ir 4'it 'I< Itr ~ ziti!!l! I';V<I}trati !rt
t .< ! I I sr ' j };4 li  !, W ' ll 'I'I'<'  ' !ilil<} rr '<I >CI  'r<II I  !fill ~  !I 'H'iti}l< !f <' nlrrl !k<p<'it!�  ' Il l
I<'g ssf~<t t !II ll rt Ilr I!tlrrlli<t<' <}<'~1!� Ili<~ I! !t }!I'<'Il  I<'I 'IIIIIII<'<}. f  ill itl 	1 If! tfl '
I ~ irt }I% < il I. <!II}I it<}I C f Il<'I'I tf! 'I f!II}!lt ' ll<'lith l!n!l!l< nt l!<r t. i<! 'Afr. '6 Irf}a ' .

I><birr t<  I <!<rt it iq;I ~! !;Il l!r !f!} 'III,III f III rit I!< tr "tt ' I 'Ii . Ir 'lI.

ESTUARIES OF THE COAST

I I  ' I';   if j '," I !rtftwcit, w it}! tll<'  'x<'< f!tl !II <!I tfI< rrt<!IItl! <!I t}1   ; !ltrirt}!ig
ft» <'r .<II l I'Ii ~< t,~ ! IIII}. i. r r!I ~  rk. f!l  f! »!r i!! <!ttrari<'.i; th< r< I<!rc, th  <»1 i W  ~
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Toledo, Oregon �   eorgia Pacific  :orporation op<rat s a Kraft l<rocess rllill at
Tol< do, near Newport. Th» <'.Nue»t is piped nin< mil< s a<.ross land and 'f,000
f'« t into thc ocean. Oregon State 4Iniversity  !. Cart<.r, Oregon Sanitary
A«thority, personal commullicati<>n! conducted studi<s of th<. <lutfall area
and ton<id small amounts of Aber, but generally no real problem.
Columbia Ritter � On February 2, l970, another nuclear reactor of the'. «!riginal
<.Ompl<;x of nine at Hanford was shut down, and only one was I< ft in
operation. At one time, as many as l,000 curies per day, of the 2,000 curies
of radionuclides discharg<.d into the river at llanford, reached th» < stuary and
th<. or< an  A. J. Seymour, tJniversity of Washington, personal cornmunica-
tion!. Sotne of these nuclides were picked up and concentrated by nlarinc
organisms to the ext<;nt that a relationship exists betwe<.n th<' decline in
radioactivity of some marine organisms and th<'. schedul<. of shutdown of the
reactors. Salmon using the Columbia plume as a habitat f<ick<d up fhe
radioactivity and carried it in detectable levels at the tlmc of capture i» the
r«orth<.rn Califorllia ar<.a  Kujala, et al., l 967!.
Grays Harbor � Rayoni< r operates a sodium base paper plant a<id 0'ey<.rhaus<r
op<.rat<'.s a magn< sium has<' paper plant in  irays Ilarbor. Th< se parti<'ular
pro<:ess<.s are»ot i<lvolved in the l'ederal action. At Linn s. l<articularly during
low flow periods, it is f» lf Lhat a significant p<lll»tion probl<m < xists. Salmon
f>4nted low in the estuary consist< ntli has< shown higher survival rat< s than
salmorl planted in thc wat<'.rsh< ds of th» <stuari<s. Th» direct «ff< cts of
pollution and th< int< rarti<»i of predation hav< nof ln < n s<.l<aralcd.

The latest of the problems to aff'<et <stuarics in th» IVorthw<-st is that ol'
lanrlfill and development. Sltch has be< n paul<used on a fairly larg< .< al< for
 ' rays llarbor. Besides Lhc usual l<!ss of waterfowl habitat and nurs< ry area I'or
marine fish<.s, th» < f'fects ol' th» loss of a transitiorl area for the anadromous
salmon and trout is not known. A major salmon-producing riv< r enters into
 irays llarhor in th< area of tile prop<w'd fill, a»d undoubte<jly th< salmon
and trout runs in Lhe area are adapLed to an existence that requires an estuary
in their life history.

14>. 6 ill;lpa l larb<>r,  irays !harb«r and l'ort Angt I< s llarbor � are
<levr 1<ii<< <l a. sllil< pi»g point. a<<d i<orts-<<f-< all with thy ir a .'«'!rnpany lug

iud<>..trio.-, l<rh«'if<,<lli tllos<' asm!ciat<'d with h<nlb<'r and llulp a<id pa!><'r Th< se
i»<h<sfri< s, «lth«ugll fairly sever<' polhlt<'rs in th< past, ar< i» th<' proc<'.ss of
lull<i<'Jn<'n tiflg n» asures in order to meet th< fairly n< w   j <p�-68! state
stan<fards. The }att<.'r, in turn, have be<'n approved bv tll< appropriat<' F«deral
;l«< nci<.s, as provid<'.d by the Federal Water Pollution Colltrol Act. This Act says,
ir«ss< n«:, that < ither «ach Stat<. shall set its own wat<'r quality standards and
hay<. th<'m approved by the Fed< ral agency, or Lh< Y< d< ral ay< tley wilt set the
stander<i..  Anon., l<�7!.

Fronl south to n<!l tll, th<' areas of major lrnportanc<' sf<:
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I+or< l

I'orl r1 r!pr Ir s 'f'h<'  :r<iwr! /< ff<'rf!<!< f! fifa<! t at f'<irt A«g< l< i !<i<! a hraft
fir< i«''!! wl!i< I! <]<«'!< !!< it t!av<' tl!«' f i!<fi< i!al f!r<!f!f<'n!! < il' tli < !«ll'i t<' fir<>« ~'<.
 :<irr« ti<,«!!<'a. !tr< i, i!!< f«<fi<!g firit!!ari tr<'at!u< «t,!!<ti!!!ariii«i<! tfaff. a<!<j th<'
r<'<!I<real <il !l!l<fg«' l<'fi<i!It!, 'tr<' f!<'illa' «'ul~i<f<'r<'<f fii tf1<' <ith<'I f!ft!!! t!
 f''if!< rli<i <r<l !«<l foray<!«i< r. l!!«, !f f'<irt A«g< l<!!: t!<>w< v< r, th< !tt<g<'! <if
<It'p<itul t«i«! 'Ir<' I!<It L!«iw« t<i <I!.

PUGET SOUND AS AN ESTUARY

Pueet Sound Pulp Mills

'l'li«'<i«tr<»< r!i i«i<!f<i«g Ili<' f'««< t ~«<«!<f li«lli r!!ill! �''ig, I! i» a f«!!g ar!<l
liitt<'r <i!i<. f!!<t <»i<- wl!i< I»!;!fif~ar< r!lfi p«<i«« t<i <!i<i i<i '! q«it< !ati!ta<'t<>ry
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 »»<'l>>~><>«, l il!l it»<f> '! f>a  e !li >44 I> ill,lt !«Il>t>' f!l>l f!-iillll 4 i !t>'! w>rr f>alii>>I>il ill
>'4 >'ri<l 44 i>v   Y>>< i»,. I '! ! i li!:

l II<'>> >»itv l>e iiljilrI ill. 'l<i }«4<'ilil< !'Il»«>«V4liili »>ter Iti» tfir >»gfi l>'irli<ir..
;i. Iii<li ;il«f f!V liv  f»>x;t«<fie.-.

~ i I ll '4 t»'iv' !ll f>f>r '!5 f>f>I> t if>fi«>h.t >» '«'tlt itv I» tlii' l«II'[i<>r.
f'1>< 4 IiIJV   ai»«' fir<  t <l;iiii,i < t<»>4,l< r lar4;«.

I 4, I f«'4 1»av Iiiff«'t  fIri'  l  f,'II»il~> ' t i tl1< < g~! <>I tj»' f',»pflsft!<>I<.
~!. 'f'll<'!f»<fg ' <f<'f><i~it! <Ir<' </<'tll»l<'»tllf l i t>«tl i»1 or~>"l»i!»Ii'. tl«'~  f<'gri«/<' tl«'

wat< r. aii l i»;If < tfi i» ii tlii ti< affi iiiiJltra< tivi.

4 «~r< > t<  l <-<>rr< etiV< nt< ai«r< i i>i< lti li '.

f'rii»;Irv tri aint< i>l  if sliiil< i f» r<»ii>val <>f ~ ltli af>t< !<>Ii<l!.
f  i»oiaf ot' $l ! f>< r  »t <>~ lit< r iill'it  w,tit< lip« >r i'r<ii» llii niill   fff«< iit.,

3. Kfi  i1 afifili< abl<, tlt   fief><>~i a» i  fill'iisi iti <il' r  siiliiJI wa!l<! iiit» <I« l>r r
wal 'c! f>$' »1 'Bfl! <>l s«bntafl»<'  i<t tfaff!.
Ih<'I» >4 Jl ol !f« fg<' b<' fs f14 <Lr<' ffrlllg,
Kl«<limni  Jti<iii <>l' lit<' «»I<i «Ii»g <if tli ' f>arg<! <>l Wi><i l i fiif»,

[ li ' ll <Ill I '1» j l«i f ><'I Ill>If! I< I f t<'f I lflgfl J III f f a V, ' 1»il '< iI't  '!»> f f'.v 'I <' t t It'l4 .
i» 'l»<fi»~« t «>rgiii f'a< ili   ' >rf>...'4<' >tl l'afi< r  :<>., tft<' 'lh < V rft;»I~'r  ;<>rf>., aii l
tli< .4intf>i !» f. '<  .' >.,  Ir  iii iari<iii! ital<! ol' «>nil!f 4 i«g witli tfi< r<y«f iti<!»!,
af th >«nfl M>»1<' » '~>'ot lat l in! ar<' ! tiff g >l»pr  >». f f1<' d ' t Jil. <> l t f1 '!<'  '<>Ill f>feX
f>r<>bf< n>~ ar  still f1< i»g»< g<>ti'It«l fiiil W<»IaV a!!titii  tl>iit tfi< fir ltil< iii!
a+ !92'tat«' f wttft f ><ill> Ill lf f< will li<'  l< f iii< ij, < liirlli<' l, iiil<l ! ilv<' l,

I'«p l S<i«~> l i, < ilft< r ii»< larg  < st«itri willi tl r<  <ir l<!»r»1 ij ir fiart., »r a
>4 st<1» <il <!tiiari .  >li< ratiiig Ii� I< r tli< iiif1«< ti  i <>l <iii< li liil tii<   liii»i!I» a»<f al
li a!t < igftt riVirs <>f' «iii!<pit< I»<. 'f'Ii< f>aii» ilriiiii! . >I»< l I.tltjtl <fiiiir< i>aiitii;il
tiiili!. Willi f'»g 't !4»«»<f f>r<>f> r   >V<'riiig al><i«t  t>> !<fiiJri iii«ili  al niil<!. 'I'lii
><IIIII l fla+ »la»4 Iill<'tH a»<l  'lliillii<'f! f>«t  'ili> fii' <ll4 I<f>' l Ii'> t > i ill I lllil]< >f

ar<'a! lf1 ' »1 Jill f>a+i»,  il I4 >rth 'I il I «g<'t,4<>«» I, <'4.te» llil >' ll' >»I:Xilliliraft4 I »f>'t
t i tli< 'I'J«.>iiia .'4'arr<>w!. a«iitfi< rri f'«p t 4<»I»<f, l'r ii» tl>< 'l'J<  «Iia barr«44.
r' !«tflwar<f: l l<! i<l  .'»I if 'lil l f!i<f1<!li l>'IV, ii Iiiil'f i'44' 44'<'!t 'r« ll>l ">'I  !l tf«' .  >Ilil<l
<'Xt<'» fl»~>r ! >Iitli i'iii<f fr<>»< /~ <II»il <ftv l i>i<'t. ai> l  I !eri<! < il' 44 ali r�;<4! t i ltii < ii!l
 !t' 0'hi lf>  4 I!la<i l.

Other Pollutants of Puget Sound

I' >«r Iiiaj<>r t> li<! <>f Wa. t '! al'l'i   l Wa < r  f«Jlita iii f'«g  t ~<>«» f:

l. lpga!t .- <>ri ri»ati»g fr<i»i tfir wat< rk di ol' lb< ri4«r! tfial <frai» i<it<> f'«y<'t
.i >« ii l.
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'>. l!<>m<'r ti< wait< i, tr<'at«' l <>r untr<'at«'j.
't. Wast<'s dis< harp» <I fron> <'.on<m< reial arid r«'r< ati<>nal il<ippir<g.
j. Wast<'> fnim in<l<iitrial I'irma  s<zeb as th< ~>ulp >nilly! l<x'at< d <>n tli<' banks

«>f th< S<iund.

I>ata <>n wast< l>roductioi> hav< b«. ri <ibtain< d liy nzultiplyir>g regional
eeon<irnie l'or«asts t» c<i< ffiei< nts <>f wait< p< r uriit <>f pr<i<Iuction. These
<'.o<'.ffi<i<«t> <if wast< l>rodu<.tion wer«f< vehili<d f<ir m<»t <>f th< irnporta»t
wasti dis< harg< rs i« th< Stat«if Washirigton, arid tlz< wait< pro<hi«lio<i for
f<itur< y< ars by area was th«<i <l< riv«j frorz> th< r< pi<><>al «on<>mic f<ir«asts. The
lir< liminary r<'s<ilts <if these a<zalys< i ar«zow availal>l< f<>r alf ol' th< znaj <ir rivers'
< n<l>tyic<g int<i Pug<'t S<>uzz<t.

Th< nz<'th<ids that have f>< «n <i«< l<>l><'d for nzanag< n><'nt <>f c<>astaJ wat< rs az<d
th« " il>< n wat< r>" <>f pug<'t .i<>u»<l ar«i<it «>>f>li<.abl< t<> imall< r < ituari< s, Th<'
Ul>}>r<>a<'h<'> us«' I t i <l<'flu<' wast<' a~illn<liltl<>zl <'al>a<'Ity <uid Aaz!g<'r f><>iz'its Is much
n»ir«liff'i< tilt t<> al>lily in th«'it«ari««' 'nviroz>zr«'z<t. l';stin>at< s hav< be< n znad<.
f<>r l <zg<'t ><>u<l<l «h a wh<>l<' and ills<> 'l<>r th<' znaj<>l arnis <>f t up<'t S<>und, but
mai>y frazil«nzl>a> ni< nti an<j riv< r in<>utbi ar< in<.Iud<'d izi thes< larger ar< as.

Th< pa< it'i<' N<>rthw<'st is rat>i<lly «l>l>r<>a< hiz<g th< li<>ir<t wh< r< risir>g d<'n<azzds
 <>r l><iw< r n><zst I>< u>< t fr<im th< rmal planti, Power deniands indieat< a mark< t
f<>r n<><>-hv<lr<>< l« tri< l><>w<'r,~>ur«s that ii < xl><'< t<<I t<> r<'q<zin t>lants of
i<l>l>r<>innat< ~ Iv l, !tH! nz<'gawatt <'i<liar}tv t > b<' add<'d <'a<.h v<'ar It! th<' Paczfm<'.
N<>rtl>w< >l < v< r a l> ri<i<l <if at l< a, t 't ! v< ar., il'<rting in th< lat<' 1970's. Siting
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Figure 3

rcqr!rr<is a 1» ad tirr!» ol at I<ast 10 years. Thu», the lir»t l!larits are b<-ir>«»it»d
n<!w. Locations ur!der various stages of e<>ri»id< rati«n iii<.Iud<  ".h»'rry I'oir!t.
K!I<<'.t lslar>d  I'!I». !, ~am!st! Isla!id, R<!os»'.veil 8»'a<'h «ri t1!e <»!J»t! a<!<i I!»'<Iu!nl
Hay or! th» f!lympic I'< riinsirla  Fig. 3!,

'1'h< I!r<!k!l< rri «f fir!dir!g a suitabl< sit»' ari<1 obtai»irrg I!» rrni»»i»!r! to «1!r rat» a
t1!crrnal »tati«!! is»till a <r!n!I!li<'.at< d <>r!». 1ri lli» < a~ «f a ri«<1» ar irr!it, tI!< re are
rr!arty Vi d» ral rc»trictior!» that mir»t I>» n!< t, l!riniarily th<>»i of thc Al<>mie
V r!< rgy  ;on!rnissior i. a!id th< y rr<rrrov <]<!wr! its h!< ati<!ri t»> a <»!ii. iderable <I» p» < .
Ihesr. r»<1<rir<'ment» ar» <or!c<r»«1 witli r«ar»».» li> l!r».»'iit »r proj<ct<d load
cent< rs, th«:«r! fiprratiorr. «l laird ar!d lh» abi»i<Iaii»» «I »»!«lirtp wat< r. ar>d th»
n!r!tchirrg»!f the»it< l<! th»' ri'a< t<>r-»il»' i'rit»'ria»'.'tat!li»h» <1 l!y lh» AI'; :  Till< }0,
 ;od<.' of F< d< ral Ii»"prlati<!r». I'arl I  IO!. I'r»>I!< r < oi!»id» rati»!ri must al»<! I!<
accord<'d srreli fa» t<!rs «s l<!iati«ri ar!r] d» ri»its <!t li»!I!irlalio». arid g<«I!hysi<al
 primaril!y s».isn! i< ! arid rr>» l<»!r»!I«j< r! I c«ri dition».

At fir»t »< re< t!iti«, tI!< l!«t»»!ial ar» a» for [�>rl loc;rlior! ar< ehos» r! by lhe
ger!<ral critiria ol r»arri»»» t»! l!«1>ulatior! <<.r>t»'rs, aiailabl» wat<r, and g< »eral
~.i»rrri<: z«r><s. SI!<cifie .il» l»>«atiori demar!ds much elo.» r s<.rutir!y involvir!g
1x>rir!gs, drilli»«s. »li><Ii»» ol »< as<!r!al wat» r er>rr» r!ts, arid th»' < stablisIirricr!t oI arl
on-site rn< t» <>rol«gi<aI statiori. Urrf«rtunat» ly, these d< tailed sludies arc usually
r>ot feasibl<' ur!til al'ti.r thi utility company either 1!as pr>r<:ha»»3 the 1!rope..rty or
has armour!c<.d it» irrtetrtion to build,
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Fjg«re 4

Air«i«it witfi<»rt f'aif, t}«< frrlfillrrr< nt «if all «if tfii fifr>ii< al < rit< ria frla« i th<
fif »it iri i ilfl< r ari « tfri'tii ally' !il<'aiirlg;rr<'a <>r <irii iitiliz< 8 b! vafuaIrl<'
«irririiir< iaf aii<f r«r«'a i<irr;«f ifi< ii< i <if fief« a«Q ih< lfl'iifr, <ir b«rt!r. Third, thi
tfi< rir»<f fif;i«it fii «ir»< i a f»rrl <it' tli« I<i< al < «rvir<iiirrii «ital < ««f<q;y ari<! wiff <'f«ar«g<
it. N<it .«fl < I«.««<I« i ri«<l t<i fii <f< trirr«<'«ital, fiiiwiv< r, ari«f tlr<' d< p<r««if cfrar«g<'
<','lrl f»' «' irltl<<ff«' f t<i <i I;Irg«' 'Xti'rlt fil' </iri' «' ii14I<f<'i'a i<ill <if th<' tli«!I«!gl«'af faot«!FH
i<i iti «f< «ig<» a»<l <ifi< rrti<»<  ~;<l<i, f'J r'!!.

f»t< t»iv< il iiili« . >I' tfii' f<I.if<< t foal;rr«<f ~it< ar< «rrr«l<'r way b> tfi<' Fish< @i<'s
lt< i<;«r< f« fr»lit»t< aii<f tf« f!< f<artrrl< rit <>t'  >«< ar«<ipvafihy, f Jrriv< riiti <>f
'l~ '«ihir! gt«iri.

f fi<' f' Iwfl<'I i<'s ff <'i<';lr <'ll Ir»ti t <rt< f»l< i'< <irl fili't«'< a tfifc'<'-! <' at it«r«IY i!ri
f~<«w««rriiil« f':it<«,«ri, wlii< li «<iit» iri tfii rrr«ir t Ii< acil> iri<f«ritrialir<«! ar«'.a of



The Effects of Pollution On Estuaries 93



Af terr>oori Sess<or>
94

I'igrrn 7

~<;rttl< f'+;lf<>, Xi!~, 1!iff< r, i I;rl., f'!I'>7!. '!'!ii' Mirrii< if>a!iti <i  M< lr<i!><ifit,lri,'I< att!<
 Xil f' '!'l!   ! ! W 'ri <' if i«''rail ~ <'r'<'a If'<f t<i 4< if V<' l! l <' ><'Wa r<' fir<>!>f<'lire < if tll< i < at tl<'
<'+trr Jri< ><,;» w< II ai<  <i Ii;ift t! i« rllnifilli< ati<>ri <>f al!j;r< i rlt !,ah< 0'aihir>f>I<>r»
! !lrrilrf> tll<' fia> I 'l < ar. '3.> fi< r< i ril <i ' tll< iirilr<;iti <! ~< wafr<' lra!< !i< < il rliV< rti <! f'r<>m
t!N ! !tr Warl>i'!r l iV< r l<i 'i firirll'iry lr< atrrli rl t fifa<it.

I'.XI<'ll> ia«!arrrap' 	;ri r<, rrlt<'1! t<i < ~trrari<. f'r<>rlr Iarid rrriirrlall'rg<'fir<'rrt  !'ig~. 4
lrir<! >! !>ill e<>1»i' <>f l!r<'H' <i«''irr n'll«''i ar<' i<> «'>rrllll<>il fila«'' t!rat I!'I<'y Jt'<'
f<'g<rr<l<' ! ab f>art <>  i!i< ~<';<i<>rial < < <>f<>g'V i» rrrarri <iri i.'. H< err!at<>i y irg<'ll<.'I<'+ air<!
!>rr!>li«>!iirri<irl llaV< !» i rl «>ri< i rrtrrrtirrf> <>ri t!i< rri<>r«>t>Vi<><rifi < rili<.a! f>n>b!<'rrt
<if III<!rr+trilrl;rill! <!<>Ill<'iti<' Wa>'I< "6  t' I .,  r!, i<> l!liil rllaliy <i  l!l<' NBEailf<'I !>I>I
<!arrf«r<><roly < rrrrrrrlilliVi' <'V< rV<!»V irrf!rr< ri«'~ !i'iVi' !><'<'r> <>V.'rl ><>k<'<!.

I a< r tfr< l<>rip rii», I!i< frr< irt< ~t tflri at l<i iifilirlial rS~ <if' t'ai< !'rrf>< I .i<>lrrr<!
hVit<'1» i< >i<i  f i< >+«'! !>ii <!ir« I < I' i < I, <i ' i»<! rritrial;rrr<1 rllirrii< ifiaf <!ii<. !»rr >< 1« >f
W<i «irl w;it< r <!ii;rlilV. Ill> tli<' «>iitrrp. it i. !i<>i«'<I !iy frilrrr< I<> i<!<»tif~ 'Ill<!
< S i!i<at«.it <»rrirr«-I'f'« t>«it' fir<i<! rri<, rl<>l <»rl> <»i Ill<' Wali r 'r<>rrt. !>ul rr!»tr< arri.
X!f iif' tli< ir»lii>rt;iiil  'i,!i arii! i!r<'f/fill> n i<>rrr< <i <if' !'rig< l.i<><rrr<! ar< Virlrl< ra!if< t<>
t!rri kiri<! <if < arr li ii <!<1< !<>!iriii'»I. !afrrr<>rr, it<'< If>< a<! ln>rrt, ari<l i'<rtl!ln>at tr<>lit
I «' fir ir«' 'X I<'<1>i'<i' . l it«frl. <i , illa!l f<'<'<!< r . Ir< aralu t!iat ar<' !i< iiig ii it< rrr;ilk< ally
<!<'~tr<>i c'<!  I'i", i ! f>< if>if!nifi«r l<i r<'~«<rial<'<! i<i<i<! <ri<' I a< aW<l<  r<!lrr I Il~«<'I +<>rill<!
it«!f'. I!if i»«;rr»f < li »i»< f .it < r;itiiiii. ili ~i«»«l t<> ir»fir<iv< t!ri «;irry ilies < afia< ity
<>f' ric< ri <rr><l I<i,i!f«i;ili I'f<i<iil <f;irii,i i ~, rii rx lr;rii ~< ri<>rri 'r<!ii ri<' <'   <'<"Ii <>ri fig!l
~f>'rWrri»i«;r>r<l ri Iiii;iri;i.. Kl f»»r«'!« . << fi i f  «''I, 'lr<'. i< if><i. i'<1 l<> !><' a, i<'ii«'!, irl
ll»' «»rri«i  r< ii< i< f>a Ili< f!< fi irti»i rit <>  f'i;fii ri<.~, il i~ <>rrfX Wit!i l!li' rrtrrr<>qt
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vigil'i»c<' lli«t tli< I!< I»<rtni< nt  «ii l>< sur< tliat all iii»lan <'s 'ir< br<iiiglit to its
att< iiti !ii  Cr<it lifi< l<l, < t. al., 1969!.

II<<I SUMMAR Y

Th<' l«rg< Iir<ihl< ms of iii<liistrial an<1 dorn«»tie poII»tion app '«r to bc uiidcr
<',ontrvl; Iiowcv«r, tI>< Iiic<e-m«al di str»etio» <il' th ' .n>«II <'st <«ri«s coiitiliu 's.
Tll<' principal off<in<I<'rs «r<' mtlllicip«l a<id llol't  xpan»ion, Ic«1 «stat ' devt'1<>p<rs,,
indivi<lual ti<ini«iwii< rs tEt«t d<'mand fl iod coiitrol, altd Iirotection front wave
«ctioii.  !f ijtinost import«nc< «rc th<' ch«ng< s bro<a~dit ab«»t iii th<' watersh ds.
Th«. iccari in th< I'ac}t'ic N<irtliw st is still a tremendo<is A»sI < r arid r«ii
assiinilate consider«bi«ah<is ..'<I v«rtheI ss, th< shoreline and th«stuary «re
 lelicatc and viiliierable and are b< i»g <.iicr<i«ched»pon st<.adilv. Thus, it is
entirely Iiossiblc that Pugct Sound ca» r«main relatively cool «iid <.I«an � with
rigid, vertically-cut, rip-raliped b«nk» � and be surroiinded entirely bi Muiucil>ali-
ties and housing dcv< I<>pments of do»btfuI esthetic and sorial f«t<'.s  slums!.
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nii<I-Atla«ti«' :<»<it - th< ilr< t< I< Ir<im  ;af><.  ,'oi!< t<i  ;ap< flatt<'ran--
i<i< l»il< i a n>«ltit»<I< iil' i. t»ari<'<, '<<ll<»ll< wli<cll i<n' th< ~ l<!w<'I 1<<a 'll<',~ ol the
 ;<in<i«''ti<'» , fl»<li<»i, a<i<1 I!< 1;iwari ftiv< rs, f,<><>g isla»<1 S<i»n<l, Narraga<is< tt
lit<'5'  Iiflo<l<' li<liln<l !,  sr<'i<t I<i»tfl flay  I J<'.w Y<!rl !, Barr><'@at Ba>  ~i'< w,f<'ra<'.y!,
Aint<'.ap!< a<i<i  'f<i<i< iiti ag»< ha>s  Marvlanif anil Virgi<>ia!, anil the I'arnfico-
 .11rrit»<'.k-Alfi<'marl<' ~ i»nil sy,'t<'nl  lV<irth  .ar<!Iina!. The Iarg< ~t, n><ist vari<'.<l
an<f n<<!<<t in< fi<irtant <'it»al v Ii!r '<<1<<atic <irma<>is<»i< in thi mi<l-Atlanti< c<!aatal
ar< a ii thi  ,'h<'wfi< ak< llay. 'I'hi ri liir<, tf<ii <i th«'~tuary that I <<hall uw ai a<i
<x;<n<I>I< i» thii <fii<.»iii<!n, I'urtfi< r. I ani ni<>r< I'amiliar witfi tlie  '.h<'i;<piak<;
f<avi«y, w<>rk«l tf><'r< f<>r aliiiiit f,i yi ar..

CHESAPEAKE ESTUARY

'I'f1<  :t« iali< «k< llav <i 1!,> n>il< i I<i«g a<i<1 varii i in wi<ltf< I'r<irn 3..! to 'l.!
»<if<i. It ini'li<il<'i '',Alt!, IIM! «<'r<'«, Maxin»>m water <I<'fitf> ii 17,> fi <.t an<1 n><a<>
<I<'I!th <it tf« iit».<rv ii ' I I'«''t  '%'<!I<nan, 1968!. 'I'h<' niaj<ir trihiitar>' ii th<
~ i»HI»<'flan»a Itiv<'r whl<'.ll <'l<! fitl<'a in t<! th<' n<!rlf! <'n 8 <iI thi' f41 anil <'.ontrihut<'i
<!v< r iini -f»<lf iil' th<'  <ital I'r<'i'hwat<'r inflow. Th<' llav iti< II' i< thi'  lrown«f
<f<!w»itr<an! Iiiirt <it' tli< .'i»~i»<'fii»!<<a I<iv<'r vaff<'y whi :h waii inU» fat<'<I Horn<.
l J, ! H! i< ar.;<g«! I» a rii< in i<'a 1< vr l.  !th< r n<aj ir trib»tari< i i»<:f»<l< th<
l'attn< nt, I'<it<in<;«'. I »I>I<aI<;»<»<i<'h, 0'<irk, «nil Jan«'i rivi ri. Afil<ro«imat<'Iv 150
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a<ldi it>ii<il rivi rs Jiid i.l't't'ks lit>w iiito llii Hay. Th< wati rslit d draint d by
t'ht's.tltt ake I>ay tril>iitari<.s covers F�,900 square milt s iri tlie Stat< s ol' New
York, I'i iirtsvlvaiiia. West Virgiiiia, l!elawar<, Maryland, and Virginia.

Saliiiitit s raiigt from n«ar 30 1>arts Pt r thousand  ocea» sali»ih is 35 parts per
tliousa»d! iri bottom waters at the mouth of the Hay to fresh wat«r at the head
of tlii'- 14y arid in trihi>taries downriver from <>r at tht head ol' th« tide. Tidal
range is about 3 f<et at tht inouth of the Bay with tidal curr«»ts of up to 3
kiiots.

S»1>erin>1>os<.d oi> the tidal currt*»ts is a no»-tidal ciri ulatio» patter»
chara< ttriwt'd by a sraward f1<>w iti the upper layers of tlie t'stuary a»d a A<!w
dir«< tt d tip tht. estuary in th«bottom layers  Pritchard, 1968!. The n<»i-tidal
At>w, gt'nt rally <>nly about <ine-fifth th«mag»itude of th» tidal curri.»t,
a< ct Ii rat<.s whtui fr< sliwater rt»>off is high and becomes weaker during peri<>ds of
drouglit  Norcross a>id Stanl«y, 1967!. At times this inAowing bottom current is
detectable as far as 35 miles offshore from the Bay mouth, This curr<nt is an
iniportant vehicle for traiisp<irting l'ish larvae and other small aquatic organisms
from the oceari intt> the Bay a»d up the Bay toward fr«shwater tributaries
 Pritchard, 1951!. At the «xtrem«upstream end of salt wat< r pen«tration th«
bott<>m waters becomt. mixed with surface wat«rs. Sediment, dt.trit<is, »utrit i>ts,
a»d small aqiiatir. <irganisrns oft< n b«come traliped and recirculat< d ir> this highly
prt>ductlv ' .[>ai t of tht' estual y.

The marsher arid swamps b<irdering the Chesapeake and its tributary streams
are ex lr«mely im porta» t c<impo»ents of the e stuari r«' corn Ii! ex. Roughly
onc-thir<l ol a milli<»i acres of salt marsh habitat surround thi Bay. A recently
c<>n>piet< d survey of Virginia tidal wi tlands  %ass and Wright, 1969! showed
ther«. w«re 213,059 acres Iocatt><I in th«Virginia portioii ol' the Hay. The
w«tla»ds includt d 97,793 a<.ri as <>f marsh, 5,>,  >23 acri s of t>pt'n creeks, 38,058
acr<'s <if w<iiid<«1 mark, arid 12,8,>7 acre» tif lidal Hats. Th» r«mainii>g 8,728
acres wer<. wix>dland, sa»d, po»ds, and drt de <l art as.

Tht rstiiary is a trarisition I<>»« i» wlii<'h th« frttsh watt r from th« lai>d
b< con><.s ntixt <l witli the oci a» wati;rs and is affi «ted by b<itli, Bit>l<>gically it is a
ni<xst pr<>ductiv< ari a. Mcllugh  I P�! p<iiiit< d oiit that aririual I'isli 1iarvt st I'ruin
t]>e 11<ty � botli sliort aild i'o»i»1<'r<'ial --amount. tt> aht>lit I .> p<unlds lit'r acr<'. Ilt'
turth<'.r sugg< stt'd that tht ri; is a pot»»tial i<ir liarvi stit>g F>0t! li<it»ids lit r ai'rt
I'rom Bay wat«rs.

AQUATIC ORGAN ISIVIS

Fish

In 1966, thi'. i.<imnitrcial fi»Hsh harvest from the Chesap<.ake was 303.6
milli<»i poiinils. Adiliiig oysti r a»J clam meats �7.8 million pounds! and blue
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era!>s  9 >, l tr> i1lion l>c>unds!, tf«' c <><ri m<'.rc ia1 hc<ri  'st tcital1< c1 'VF>�> inifii< >ii
1>c>un<Is  f.ylc s, 19F4!. Has< d ciii th> r< s»lt i < il sport fishing survi i s for f!arLs <!f
Mary lat><1 iii 1 9F>2  Vis< r, 1 96 >! an<1 Virginia 1 9o,'>-1 9F>0  hi<.hards, l 962!, thi
<'.stirnat<'d aiiniia1 tcital sf>nrt cat<'.h frc>m thi Hay wai aJ>ou t. ' 2 rr>illi >n p<>und,-
  >trc>u<1, 1965!. Total fisiI< harvest iii rec< nt y cars is thui rlc>s<' to one-half hil1ioii
1>o<> nds.

fn aclditic>n to pr<>viclirig sotn< 32~ million l>ounds of finfish diri ct}y to
  h<".ial>i'aki' 13ay fis11<'I><'n, t1><' Bay servf's as a nursc<ry arc'.a f<>r l'iih caught from
%lain< t<i North Caroliri a. I''or lhi c',<i tire At a>< ti<. c<iait, Clarl   ] 967! lists 1 9
diff< r< iit kiiids <if cc>mmi.r< ial fis!i that are dirc'.ct1y d<'!>< ndi'iit iin c stiiaries. 1'hc
slri l>i <I 1>as', w<'.ak fish, ii iil>, !>4<'k sca1iasi, summ<'r flounc!<'r, and king-wftiti <ig
ari c'><an>i>l< s <>f fish tl> il may cnilpat<' tci c c>astat watt rs al'l<'r sf>ending at. 1<'ast
l>art iil thi.ir firit > i'ar iii t1>c iiiitri< nt-la<1<.n Hay wat<.rs.

>om<';39 rnil/i<>c> p<>«r>ds of stril>< <I 1>ass i c>ul<1 t>«attribut<'d lo th<
C1><',ii>l>c.'<kc in l 9F! i, 13ay c.atc1> for that y< ar was abc>ut 14 million pounds � thi;
< c>n>n<< r<'iat harv< it was iii ar1y 6 cnilli<>ri l>oiiiids an<1 sport harv<'.st wa» at least 8
niil lion l><>un<is. 1 ii «<1<liti<>ii t<i tji<' 13ay <:atch, itrilicd bass migration itudii s
�1< rrim a<i, 1 � I; 14nc:y, I 'J.>2; 1'c>rtc'r at><l >ail a, l 969! have'. suggc'st>'d thai at
1<'ast <>cn'-1>at t cif alit tlic itripi'ri take ii iii A tlaiitic c<iasl wat<:ri originated iii thi
l '.lii sal><"Iki . ><>rtic .> ! mi/lignin li<>i<ii<1i may havi hi < n take n iii cciasta1
watr ri- il>ort < it< f> I'riini lhi N<>rtli A t tan ti< was i itiniat< <1 ai scitnc 48 rnilIic>n
f>inlll<ls fi>f I !F> i  I!c't><'.I all<1 Clark. I 9F!$!! an<7 5f w I Iiglaiid a<id mid-Atlantic
i <>in>««r< ia! < al< 1> iii > 9F». was ' milli<>n 1><>ur>ds  l,ylcs, 1 !F�!, 15atf <il' th<
«tril >« I t>ass i» th< ii < at< hi i 3>ro1>ably i>rigiiiat< c! iii thi Chi.ial>c ak< .

1.<'r s al>un<lant tlia<i iii t1<i 1 �0's a»d 1'� !'s, th». weakfish has b< eii among
tl>< iii<ir< l >rir«l of I>ntI> game' a iid < ocnrn<'r<.iaf fish. Studic's hy lVcsl>it   1 9.>4!
ar>c! I'< rliii <it l< r < tal.   1<!,i6! at trihut< cj lhi «<>lla1>s<'. of tfii fis!>c rv f<ir wi al fiih iii
Ni w V <>rh waters t<i tl>«>vi r-harv< st <>f sntall wi ak fish iii Virginia. Thi i vid<.'<lcc'
str<>c>ply siiggi it< cl tliat juv< iii1< wi ak ish r«;r< cl i<> Chesalii aki' wati rs migrated
i>c>rtl> t< i h» w Y < >rk wati ri ai th< v 1>«am< la rgi'r, arid t>rc >vie><'<1 a su&star> tial
l><>rti<>n <il tlii Ni w Y<>rk l>arv<'st. it»<]ic's <>ii th< ag< i'<!inp<>iili<>ii of 13ay-caught
w<'ah lisle i1i >w i il t}>al «>riinii ri ial <;il< lii i wi ri di>niiiiali.cl t> «>c>c;-y <'ar-olcf fish
 XI<lssl>I<i<>II, I ! >i3!,

1» hiti il>riiig,iiiil > utnnlc'r, si'il f> mc>v<' fr<>tn <><!c'Bit s1>awfllllg gr<>unds tc>
n«ri> ri .ir< a, iii i<i<itlii ri>  :l» scilii ah< I3ay, wtc< r< th< y ari thi rnc>st abunda>it
1><it ti >ill libel« l«ring s<lf <<Ill<'r i<I<>nths. Alth<>ugly> iil<>st nu<n<'r<><ls in tl><' Bay, y<>iiilg

>cr<';<I. <> pri si iit iii «>ait'il wali r.. 'I'1>< r< fciri, tlii' 13ay is r><>t th<' »i>ly
iiiirii r< gri>iiii<l «vaila1>l< l<i tf« iii   :lark i t al., 1 �9!. The> 1c avi lh< l3a> iii fall
f< >i' w i>i l < ri>ig gr<>un<le iii w;iriiii r, iil fsl«>r< w;it<'rs, I ii il>riiig, scut> m<>vi <>ortl> lo
i »;<it<<i w,ili r. <>l' l !i lawari', N<'H I< r,'i y, aiiil N<'w York  N<'vill> a<id Tabb<>t,
I 9 > t!, A . i<<i >I.ir 1>.<l le rn < >I' n><>< eciic <iti >1>!><'«rs l<> <>« ur iii <itt>c r fish< i sucli ai
i<lnl ilii'f I I< >iiiiili r, 1>li«h .i< .>1>.»~. ac><1 hing-wk<iti>>g. 'I'fiei<' i xarnl>i< i illuilratc'. tin.
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i!i!I!<!r l. iiir<'  !f tll«' t ha'ill!<"ik<' c'. t<l«r! t<> tisli «ii l liilic ri«, !I tli< Ik!x 'i!i<I <>I ll«'
 .<!i!. t'll w Jt<'ri I! '! <!ii l tlE ' Ilil! .

Estuarine Pests

. «>t Jll « l f'!ti< lif<' of t[ia  :hc s«l! uk< ii <1< iir il!l< .'l'lii j< II! tiih  !r;<,i ri< ttli ii
pr !h«l!ly tlic gr<'«t«'.st d  t< rreiit t ! «<lu«ti< rc  ri «lioii, c il>a < i«[l! iwi»!n!i»[.' u»il
w«ter skiir![,, Thi hurd< s ol » ttl i th«t l[iriv< iri thc [3«i <h!ri»I> i iiiir»< r;!rc uli<!
u i!llisunc<. li>  '<!niff»'r< iJI «»d sl!<!rt liil«rrii< ii, u»il r<inl[!< lc l<!r f<>«<l <>r [!r<!
<lir«t[> «if! 1«rv«  ol' lioth finfiih «i!<i i[i< lll'iih..' t < lc!i<I! r< l«t< i[ t>iit lii>t ~>
[!«if lful [!< st is th» c !nil> jc'll!  !r <'t< lia!litiori . Thii w«l»><t-sita  I «riiiii«l [!rc«h!< a i
bril[iarit, l»i»in< s«.c rit flash<'i whcli diitiirb<d iii tha w«t r,lt r»«ht, It ii lii<!rc
vorari !ils thuii t[ia' j<'ll! fish «»�, i» Jt>l!»<[u»< e, tlui I!«' ii <!lii< r! < il t<! 'H'v<'r<'ll
I <'duo<' tli '. «fn«><flite <!f [!I«1!kta	!B,' i»ii<1'iuli, Iiih a'g«s <»!«3 Il«A «<', J»al j<'ll!, I!. II
 V«n I,"lip'.I und .]os<'[!h, 39 !$3!.

Thr  ~ «Jdditiof!ul c'.I» fni.<its irl th<' u liiuti«ritil«rifi< i« i!i;i Jr< «Ia. triic tive <!r
uf!n«!yif!pc. 'l'[ia si ar« tha shil!w !rnii, whi« li uri ii<!t worriii «t J[l t!iit rii<!llii.   ..
Th< v»«us<' ext«'nsiv«' d«ff!ugc t<! tli< liiilli <>I wo<>d<'li v<.iic li '«rial ti>
[!i[if!g. Tha' bur!i«el«.i ur< ati > J iiuiiJ<i< a t<! tii>utir!' «n<l i!l'tc i! l«k< ii[! sl>u« lliut
might othe rwis< li<»s<.«l h!  »>st< ri f<!r i< tti»[t. 1'h«!est< r <lrilli 'ir< .!ii<!tliir c>f
lhi d<.trio!cnt«l ««lu«ti« !r[cur!isfns a>l tlic  .st!!«r!.

'I'wo of the ir!s<'ct iflhJhituriti i!I' <itll«ri»i r»«rsh<i uri i<> «riii<!! i»g uri<l
g<;f!<'.ral[y known lh«t. [!f'c>bl<'f !is th<'!  '«ilia' i!<'a'<I i'!�'t Ii< 1»rllic r <lc i< rilic <1, 'I'[!i
s«[tfnarsh mos<luito unal [,ra< r!-h< ud«d lly uri b >tli u<li!utii i»li;il!il;i»t, »I tl!c-
estii«r! durif![> th«.ir »Jr[y Iif  st«a<'s. I'.xt<'»siva fn«rili <Iiki«l<, <lit< l!i«« . Ir«iiiu�< ~ .
«lid fil[i»pc activiti< s ur< o[t<» d !il< iil r< s[!oiir« t<! t[ii nl<!iiliiil<! 1>ra>hl< r». [i«>,
wides[>r«Jd [!< sticid< s[!r«w i»g [!r«!«rur»s h Jv< iri t[«[i«it < iiiis< «I <-i t<»~is «[u<»u»<.
t<> f! »!-t«r[c<.t i.stiiuriii««nini«li i»a:h!dir![c c r.ilii. I'iili. «!i«l l!ir<[i.

Estuarine Birds and Mammals

W«l rlowl, ii!<!ri t!ir<ls, i>tli< r u l<iuti< l!ir<l., «ii<1 u lii«ti< rii,ii»<».il. <ir<' < l<!i<' i
«ssociat<;d with thc  ;h< iJ[ia iika ui!il iti i»urihl«ii<1.-.. <>i!i :3.! t[,IHHl t: J»,!«I.! «« .«-,
! >1[000 <Ii!<:ki «lid nl«ii! tlic!liiuii<l.- i!l i«lr whist[i»p< sw«»~ wi»t< r i» t i<-
 :hc iu[>»ak< esto«ry. A  < w I!l««'k <liii ki;!<i<i t[i< wi><><I <lii< L. r< fi!;!i<i l»r t i<
sumfn«.r br«.;dir!pr s< ui<>!!, I' <!r th«' !tha ri, ll« t.[« i;il!< 'lk< i. J < 1<'Jt w i<! l< r
[>«stiir». In th<' «![>c ri [3«y w«tc ri l<!<!lii. ia <!t< ri, uric[ <!I l . �<iuw «rc
l>r«.vu[crit, whil< iri Ic ii ~![ii«w«t<'r. <!I tli< ii[!I < r I y,3« ' ill<' «![ [c'»a'I<', s<'J»f!s,

h<fff[ '.h<'ud ruddy <lu<:I , cui!vushJ< k, ring~-<»   k<' l dii 'k, t;Jii« l;i [<a!<>~ . «!r-
rii >rufit m<!qp»!sc;rs, arid p< lic i, «r< m<>r< r!ilni .<.r<»>i. [i! tl« I'r< i[i< r w Jt< ri
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associat<'.d with the marshes th» lilack d»i'.I, I>h>< -wing« I anrl f<r< i n-wiiig<'d t<'als,
inallard, gadwall, widge<>n. piri tail, shovi'li'r, w<><><I <Iu< k, rails, Iii roiis. iiiid 'grets
ar< iii ore «.>nirnoii. Th< rniisk rat, mink�ra« '<><>ri. a»<l < > l t <'r als<> I ll e iii the-'s<'
inarshes. I'orf>ois<.s get>i:rally <*nt<'r tfii  :h» saf><ak« Iiiririg tlii warin
<I<iubtless attra<;ted by thi' aI>u<idai<c< i>f' I'ish,  !r>ly rari ly h;ivi whaI<.s blu«d<'.red
int<> th<; f.'hesaf>< akim I3ay, buch infrequent o<:curr< nces, while thi y atlrai'.t i»»efi
at t< ritio», generally i.nd tragically I'<ir the whal<.. Also assoriat< d with thi'- I3ay
ari' thi. sea gulls, t<;ms, snipes, sandpipers, and a host i>l' iith< r uni<Iue sfiiiie'. bird>

Iii thi pri:< «ding dis<.ussiori I haye bri<.lay de scribe<I thi; f h<'si<f><'ak<' <'stuary,
indicat<'.d soiiif'. of tali' m<!re imf><>rtant .'< aquatic orgariisnis and Ii<iiriti ~ <I <><it th<ur
a41>n<Iane<', ail<I sh<>wil by <ixaBlf>l<' that th<'ir inlfia<'t <!fti'il <'x t<'nds lar I>< yoii"
tli<'. I3ay. Iri thi' f<>llowing s<'<.tions, I will indi< ati wli> th< ~ < st«arp is iniporti<iit
ariel disciiss s<>rni i fl'i rts iin a<Iuati<'.  irgaiiisrns <if maj<>r < I>a<>f,e, in thi <'stuarieie
i.nvir<irim<.ii t.

ROLE OF THE CHESAPEAKE

I lii Ilay is a niost I>ro<Iuetiv<' area. I t is «slii <:iall i inif>ortan t as a nursen'
p<><ni<I I'<ir y<><>ng fisli- iiot i>nly ri sid<»t. sp« ii s siich as whit< fii reli and wli it<'
<:atfisf>, I>i>t «ls«a»i«lr<itnous Arn< rii ari sf>ad, rivi r Ii< rrings, arid strili< d I>ass aiiil
fi»Ii< s sliaw»i d <>ffsfior<', iri<.liidiiig Atlariti<' ni<'nha<I< ri, sfiol ti d hat i, Allan ti<'
< r<iaki r, iiiid sf>ot. I' urth<ir, s<>iiie se<.ti<>ris o  thi i stuary ari far riiiiri. important
as fish nurs< ry poun<ls tha» ar«' ilhi'r s< «.tioiis. 'I'h« low saliiiity Iiortioiis <>f tlii'
el<>l tll<'rn pal t of lf1<' I3ay and tfi ' «:orr<'sf><>nding l>ortioiis of thi iiiajor tidal
trit>utari< s «ri tli< niiist. I>rii<liietivi xo«< s, Iii th< si «ri.as, thi larvae i>f resident
fisIi, th<isi' i>f fish f'r<irn otli<.r fiarts <if thi I3ay, aii<l th« larva< <>f <>f'fsh<ire fish
« >np'ef>at<' aii<I p <iw.

I lioinl< d «iut i arli<'r that tli» it<or«safii><', inflowing hott<irn lay< rs <if water
transfiort fisli larva< and»tfi< r filaiil t<»i t<i thi I3ai froni iiffshori «nd iili the'
i stiiary tc>war<I fri sh wali r. Ni ar tlli' ill>f>i'r liniit <>l salt wati'r l>i rii tratioli, tfi<.'.s<'
rill'i<'<its r<'<'! <'li' iiflil trill> nu trii nts, si din>< ~ rits, ih trit iis, arid fifa>iktoni»
<irgiiriisriis in tlii ari ii   t<'.Iiuf!< I, I 9 !�!. Tlii wali r i» this rii<ist fir<id<i<:tivi z<>ne
slilif><>rls il Iarg ' p<>f!i>lilt<i>i l <!I plailkl<illi<' Biatonis illl<I aljga<'.. liow<.'v<'r, tfii' m<>st
iiii fii>rl'i<it l>rii<liii'ti<>ii is fr<><<i th<' riiarshi s. Avi rat>< surniiii r wati r ti iiip< ratur«s
ari' liiglii'r in  h<' f>igfily fir<>di>i'.tivi' ar<'a>' aneI <Ii><s<>lv<'d <>><ygeui is low<'r tfiaii in
<>tlii'r l><irts i >l tlli' <'st I>air>  Van I'.rig<'I an<I,J<>s< ph, I%!8!. Am<iiig tli< reasons for
tjt< liigli< r t<'nil>< ratiir< > «n<I liiwi r <>><yg< ri valui s i ould be tliat the <'xtensive
lii rinii lir iiiarslii s li»l<I Iarg<' <luarititii s <if shall<iw, <Iui<:klan warnie<t wati.r and
I r<'at ailloliil ts i>l <>lga i>i<' Illati'rliil pn>kli:i'<I by Blarsh v<'g<'la titan.

lii ni<ist i>l' thi rii;ij<ir tril>iitarii s, lhi, liiiri li»i iii ttii higtily fir<>dueliv  areas
i. <I<>n<in'it< il I>y i at< ri. ivi «'>r<lgra>> niarslii . iiiti rlai i d wilh ti<lal «r< eI<s. 'f'he
i'i>f<lgras«'s  .>I><ll'ttn<>! iir<' tlli' Ill<>, t iil>I>i>if JIll iltlil ill<>st Illlf><>I'tillll <>f tlii inarsh
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i }<''sr<'r wat<'rs iri th<' ii«rth< rii }>art <>f' lli< [<av. t<< it kr«>wii;ii i>ril>urtaiit
w'itir}'«w} f«ods, tlii f><>»<} w<:i  ls, i < I f<rass, widgi i>ii grass arid <itli«r d<'sirabl<'
a<}<i;iti<' }>}ants ate<> t>rovid< b >th fo« } a»d slii Iti r f»r i>i vi rt< brat< s aiid f ish-
9'}>< ii tlii y <}ii, t'ai<'s< p}anLs alii> ad<} t<> th< ~ i>rg;nii«}i triliii,

'l'w<> i>ltlodn«'' } ag >ati<' f>}ants, th<'. I".urasian mill<iil ari<l wati r «l>«stn»t. havi'
liiitli ri <}n '.<.d thi l>ro lu ;ti >n <if d<.sirahl< i>}ants anil aiiirrials. ini}><'d<'d wat<'r
< ir< iilatii>ri, a ><} <.l«gg '.d waterway i. V«rtn>>at< }i, < <>ritr<il m  asnr«, hav«ri due«'~
Lll<' 'il>illl<laii«:' <if th<' wat<'I' <'hf'stn >t, a>id a  /is<'as<' Ilas i<ln1 iil < liminat«' l th<'
I';» r is i a n r n i} f< ii I,

!'r<i<}»<:ti<>n <>f lillyt<il>laukt<iil is p< at<.r d«wii rishi r fr«>n th< high}y t<>rhi k.
l<iw ialiriity iil>riv< r ar<'as. >tr<>ss a<id Ntr<>tt}< invi r   }'N».! a}s<> w<irl iiig «ri tli<'-
I'at»>« iit liiv<'r f<iiirid lli;it, ilth<>iigh thi' npstr<'a»1 ari'a h;id thi' high<. t [>«t<'ntia>
lear }>r«<III<'tl<>n <if i'lll<ir<il>livtl a, a<;tna} lir<i<liicti<>il was gri';it<'it iii th<' m >«'
i,<}i»< wat< ri ri< «r thi l'at»><< >it Riv< r ra<>i>tl» lii tliis f>art <if tk>< rivi r aiiniial
i>la<it fir<i<i<i<:ti<i>i wai i <liiivali i>l t<i al><n>t 2.<! t<>iii l>i r a  ri, Th< reas»n f ir th<'
<liff< r< ii<:i hi lw< n l><it< iitial a>><} ai liial l>r<><f»< ti<iii wai that higJ< turl>i<liti<'s in
iiliriv< r ar< ai r« hi«« l liglit lii'>i< trati<>n a>id }>f> >t<>si iitlii . ii.

Tlii' <iyiti ri, i l;i»ii, < ra}>i,;> ><! fish<'s ii}' th« }<>w»ri< i r ar< as r< ~ < i ivi s»hstantial
l><'»< fili Ir<irii tlii <l<>wri-i st i>ar>i 1»<ivi irii ril i>f fiiii <li'trit<» i>i IJ!< snrfa«< ll<>w, as
w< Il iii Iriirri v<'gi tafi<i>i Ir«iri tli< sll<>1'<'liiii n<arsl>< i a>i<i i ri i ki. Ni'v< rlh<'l<'ii, ti><'
r»i>> I iiiili<irt»ril l>r«<}»< liiiii iri lli< iniir< sa}t> liarl i>f thi i st< ary is f>ri>vid< d l>y
f >} iy li >I>f;n> }L t< ><1.

lhii<l ilirirnli ari i}i<> lir<,ii <it iii n<irn}>< ri iri thi <l<>wiirivi r ar«l trav wet<'.rs.
.it<><}i< i iii tlii l!< l;iwari ltiv< r a>><} liidi;iri }tiv< r t»l< t  l!< }awar<'! i sttiari<'i
<}< iii<iiiilr;iti.<l that, tl><'f<', »>'i i}<}s al<' aTI> !tig tel<' Bi<>it a4»n lant <>lga lis1118. At
ill<' iaiiii' If Ill<', lh<'y w<'r<' i>ll<' »f thi' iii«il II>if><>rtailt flail'1 f»<>d <>rganisms    E«Bin
t <t., l<!f>'3: If<>l kiri.. I !f».!. Th< t;h sali ak l5ay is l r< l>ab}y . irnilar iri this

i i'il >t'i' t,

f lii' ril<>l i' .i lliiii <l<>wiiriv< r a<i<i }b'av wali ri al. ii f>r<>vid< f«  /ing groiiridi for
,i«ni«if' thi }arg«r liri <jat<>rp ailiiati« >rgai>isn>s- iiii liidiiig fiilii s, i rishi, j<'I}yfiih,

tlii i <> iili j<'i}i, h, n<>»g th< rii<ist sip>if'i<.a»t findi»g» friirri th< Virpnia
<, t<i >r»«st»<}a liy Va» f',»g< l ai><},f<>s< l>f>  } !f>H! was that th«' <>nib j<'}fy,.$Ir>< >>r<'<>I>>i<'<, i> i xtr< i>i<'ly < ff<'<'tii<' it> <l< lili ti<>g i«><>[>}a<ikt<>n }><>l>u}ati<>nsl' <>i}i >w f>IJ tlli' 'il >l ><'era i«'' «f tft<' i'i >IT>l> j<'Ily iii th< high ~li»i tv ari ai,
z««f>}a»kt«n liiil>iiliiliiirii r<if>i<l}i <}i<»i»i><f« il. ll ii, th< ri f<>r<', a i< riiiiii c<>n>p<'ti-
t< ir < if };>n a}, l>ii, th>ri ><}, n><l jiivi iiili fishi'i lhat ar< ilill I'i < di>>g <>ri sniall< r
/<i«}>}a »hi <iri, l r<iriii;illy, ii I'irgi r i <>nl!> ji llv, B<*r<><', fi'<'di v«ra<:i<ins}i <>ii'll>><'>>>« >I><<<<. '6'}i< r> lk<r<><' «lilii ari'<l iii lli< i'itiiary, tlii' sn>a}}< r i on>l> j< ll> wai
;tliriiiit «<>nil>}<'t<'}v <'lit»i>>'ll«'f fr<>rii tl < riv<'r, a<i<} z<><>i>}an}<t<>>> r>i>n>b< r» agaiii
iiii r<.i«<}.

I.«'<< i;<}i»ili<'s iii t}i< lii'iiili><'tiki' iiliriv< r li<irtii>ii iif th< i itiiary l>ri!vidi' a
l>arrii r, }<ail wliii h n< illii r tlii ji }fx fiili riiir tlii «'>nil j<'}}v < a» rn<>v<, '}'f><'r<'f >r<
tli< };<r<iil Ii<fi 'ir<' f>riil«''li'il fr<>i>i }>»t!  i'i>i!ilii'lili<>ii a»<f l>r<' tati«n hv
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aninials. 'I'li  liighly turbicl watc.rs als ! h<lfi to rc'diiee liredatiori from otfier
soiirc< », fic <.aiis< visibility is so f><!or.

A reinarkalil< si <;c«ssion of I'ish ocrup> tlie I cw»«finite nursery grourids. In
earfi<'i sf i'icing, fiostlarval menhaden move iii frorii offshor<'. spawiiing areas
 ~lass» a»n < t al.. 1954!. You»g spot move iiit i thc riitire Hay at this time a»d
sprc'.acf iiliriv<.r as welf as i»tc> c!ther periph< r«l «rc«s. Silver licrcfi appear in
sunii»cr, followed by yo nip weakfish  Massmar<» < t al,. I9,!8!. I'ostfarvaf
croak<'rs inlgrat ' up th ' Bay iii fall acid g  ii  r«ffv ov< rwiiit< r i» tf1<' »I<river
riursrry «r< as  I faven, I ! !9!.

f fie teil I<<»cy ot y iung  'r<!ak<'l s 'to ovc'rw II  t 'r lii il flriver llurs<'ry «rc'as is
responsible for tfi< suhslantial red»<:tioiis iii < rccak<.r pc!pulatioiis tfial have
o :currecf. I!uring periods in which water temperatiires drop rapidfv, sever<
mciitafity occurs  Massmann and Pach<'c.c!, 1960!. I i so»ie cas<'s, «ii i iitir ' y<'ar
class may b«d< stroyed. Suhsc fuent IaboratorI, studl s hav«de»loristrat< d that
juvenile croakers fail to fee I at water temperatures of !  '. «nd that m irtafity
occurs wfic»i temperature approaches 0 C  'Van f':»g I arid, Joseph, 1968!. Iri
Wfaryfa»cf waters of the Chesapeake, Doyel �968! has in licated that fir<dation
by strific d bass also caiises signifiraiil »iortalitv iii croakers.

I liave bri<'ffy indicate.d»ome of the reasoris wliy tfi<' Ch<'sapeakc c:stuary is so
<issential to aqiiatic life, arid why s<imc. Iiarts cif th«stiiary are morc vital tbari
othe.r liarts. Tfic Bay eiivironme»t can h«'.harigc.d. It is fc«i»g cha»ge<I nciw, «»d
greal<'.r  ,'ha»gas are in store. for th<'. future. I wi»h to di»cuss s<!me of tlie ehaciges
and show th< ir effects on aquatic orgariisms.

ESTUAR Y CHANGES

Thc' Cfic.»apc ake flay c.an be  haiigcd fcliy»ical ly acid < ti< irii< ally. I'hysical
efiaiig< s iiicliicfc. filling,  Ir«dgiiig, a»d tc'fnp<.r«ti<r<   tiaiig< s. Ch< ini «l < h«rig< s
inclii fc. d '.I!letl in of oxygc;ii «iid p !ff it  !» t<v»i»n < ilial aii l  <i f cstr af wa»t< s,
l' 'rtifix<'rs, »ri iw salts, bio< i f<:», «tc.

Fif ling

I'illiiig is orciirring iii ll« I<ay at a r»c>r< r <pi<I r«t< ilia<i niost I«<cpf< r<.afiz<,
1'hc. ofiviou» Ia»cififf pr<cj< ls h«v<' bc in»ic»t <'vi I<:r<l i<i tfi  vi< initv  >f large
c:iti< s-- Haftimor ., Wasfci<igt<cn, a»cl Norf<>fk � wh<.r<;  fditio»af laiid for piers.
park», i» fustr>, hciusing, <uid airliorts ha» h«<;ii cr< ate I. I.es» nc>tic.< afil<. has b  <.n
th< silt wash<.d in from th< tributaries. Th<. ~»» I»<.h«ni!a Riv< r alone deliv .rs
fi XI. X� t iris of silt tci th ' Bay a»<ncuffy, arid aboul .a»iilfion to is origiiiatc in
tbc; I'otomac ftiv«r If«sin.!!horc.tin«.rosion «lso co»tribute.s t   thc sill. Ic!ad. fn

tb<. past l00 yc ars some 6,000 acn.s of Maryfand shorefine have slif<p<d into the
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}3«y  Woln!«TT, I 9f>0!. }3».'tw . 'T} 104f! «r«l }'948 silt <I< I><isiti<>ii }i;i! r<  I»< i <I w;<Ta r
dc lith 2,v ti < t  ivi r «32 sclrrar  Trril<  Tr< a at tl« r >rtlr c rid <>f tlia I3as  ilolli!, < t
u}., 19''�!, H !ughly ori -half of th ' ol sl<'r i'nil � l!»1 tll<' III}li<'1' }3«y 11«v ' l>«''}1
d< slroy 'd or shil'ti d r}ownstr  «rn !iy s  dim< iita ti<>ir. Xl }  li <>I tl» i:haiiri< I
 jr<  }I>ir!g i» dor} . n} ri ly lo maintain tl}c d  I>th iri I>ri viorrs}i }»!il t   I};1 irii ls.

}'illi!}g, <:arried to the r xtr<',n! ;, w<ii!ld r  s!}ll iri th  }4> I>a «>T»i»g a d  lta
s«in}< wliat like th  lower Missis8jpI>i River. It is lil i ly tl}at tl}c'  .}1 's ll! 'ak ' }3«y
would bc'  imilur in ap}>«.urarr :< t<i thi old,'iu~rrr harirra Riv< r rn<i itli as it was
soTT!< IOON} y<ars api � brf ir< lit< ris< iri si.a l va I. AIth»!rrg}! mar!y iil' tlii. sama
kir}ds of fish wo ild b<. I!r 's<'rtt, th<' » }nit>»rs wc>i}l l I«' Ttll} .'}1 I<'ss }!<' 'airs<'  !f lh '
d ' 'r<'asc'. }11 W}rt 'r v !ll}}nc..

t 	! � small< r s< al .. th« I'fi < ts «>I' I'illi}ig rl  Iic i!d l«rg  ly <iri tll ' lo ,rli >rr  >I lti '
fill «Tid th< tyl!»  >f hah}tut t > }!< ~   iv<'r«l. W<' }}«v<. «lr a ly I><i}nta' I ciirl thi vila}
r<>le rif th<' m«rsh s iri mainti'nuri<   >I «qr}ati  lirorhretion. Irillirrg tl}  n}«rsh s,
< sl><ci«lly IE}<is< }o< at< d iri lh< I iw saliriity. Iir<>clria;tiv< I >rrc, <lire < tI> n du 'i s tl«'
«TTE i»lit  !f f > HI uv ill«hi«' to Crust« '. 'a is whl '.I}, iri liirr}, r«'}1} '.c's tlia' «bur dunce
<>f y <i}!ng fis}i. t !	 lh< olh< r I}ariel, tillirig iri s ir!ri I >< «ti< iris wit}} I>r ili<'rly
urii h<ir«l Triut< rial   i ild li  i!s  f rl in < rc «lirig iii w niurslilarrrl, irnl>rovir}g < urr<'rit
liat'ta'1 TTS, <ir ri rlii<.iiig i Xtr< n}i. W«yc;«:t}<>ri.

Dredging

I}r»<lgiiig is  ift< ri a>s i i«t< d wilh fillirig sir}«' th  rriat ri«I tuk n Irom th 
 l}uririi ls- t}ri' sl! !il Triust l>i. <I }> >sit d somewhere. I!r dging muy b ' «I >ri ' to
«I«''Ii '}1 wat 'rways arid clllalrn<'Is <	 'l<i  'rc'.«t<' 1'l«'w wut .rways.  '«T}als Iirovidi d tt} 
}n<>st in}li<!rta!it < arly rn«.ans of lrur}sli<irt«ti iri. Th<' E!iso}a} >N aml! <'aria}, which
e irrn<.a.ti d  '}}<.r«}>»'«Ic<' Buy with %lb» }T}uric- >a!i!nd, wus }!«guri in l79'3. ll
}irobubly ii}fine.r} <.d «c}uuti<; }il'< l> it litt}<..  !rr th< othir h«r}d, t}}  i.ut<iffs that
c linriiiati  I thc 11<' d t<i r}uvigal< ar<>l!T!d th< ~ Iarg<' lo >}is If< th<' J«TTT 's Riy ;r
}ia'tw«''1} ll<!l«'w 'll «11 } IC}«'.ITTT}<!T! I hay<' a'ss '1!tr«I}y  }a'stl<>y 'd tll<' vali!<'  !I lh<'
<>x-ti< iw s«''tia>ris as sl>uwniiig uric} 111!rs  ry ar< «s ti>r sliail uric} strili<'d
liiti r< stirigly, t}rc first c>f tlia s<  < T}ta!fI's 1!r}t ;}1  Iui>- was  '. !Tlstrll 't<'d }ri 1«ti.
IN!<l I>y tll ' I'c'<} 'ral llo ll>s lr} url   I'fort to }!y-I>u~s I>ow <'rll! I  . >}}f ' I<'rulf.
Clc'I a'll! IV <' la< !s} tl< iris,

'I lii  ;}1< s«I>a;!k< uri<I I!< l«war<  :«T}ul h«s lir<!vi<l< d a sli<irtc r shililiirig routi t<i
tlii l!a I  v rr< 13iva r «i}el  '<i«st«l «Tid }'rrr >l»'«T! I><irLi to thi T}ort}1..'.datril«d b«ss
«}T I Arr}< } } 'atl sll r l a}s<i i!s< thi curial I' ir rnigrati in. Tl» d  a l>a riirig  if this <.«rial
I > 3 > Ia' 't }.'< <'x I»'<:t '»} lo r»'s!! lt it> «11 i»cr 'as ' iri Ir'<'sl}W«l<'r flow ot fr<it	 C!'IX! to
:3,IXX! c'»hr ' Ic'c'l I!<'r !«'- 	!<I   : >rI>s  if I',r}gini < rs, 19 !9!. f4th<'r than fl<iwirrg
! »1th t}}ni }gll T}1<'  .I}<'s'<l>a'a}ac', diyi rli <} Iri sli wat< r will Il >w» !rth t}}rough th»
t:  rr;!I ir>t<i I!< I  w;ir<' ll' y. II '»I !<'Ii »r «f tlr<' I'r<'shwat  r li<>w I»'t'o t}T<'  .h 's«I«'agc
will i i< ra  i. < 14i .;i}i»itii.;i i l ri <Ir!< a ll«riti <if I«!t}»! !tile!w  if s»rfa<;  wata rs
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lrl l l iii1 h > w of lu! l [ ilrr waters at thi' nloir tll r! 1 thc Ba! . N hrl  thr damaglllg
i I I< i i. i»i flu llli. h will bi pr ate r tharr thosi oil firlfish, a reduction of irr flowing
o<'carl w 'lti'r Ill to 'thi' Hay will lrroIMbly ri'slllt Irr fr wi r  'lf the larvae ol
occir rr-. l uiw iii d 1 isll ri aching prodlic tivi' i'stuariiii rlilrsery grourlds.

Freshwater Flow Reduction

I llavi alreaily srrirgestid two irf thi i'.harrgi s tliat rrlay occur as a rcslrlt ol'
i»«ri ase l 1'ri shwater outllow throirgh thi Chcsrrlreake and I!elaware carlal. This
is»ot tlri' orrly activity tlrat will reducr fri shwater arid Bay cireutati rn. The fact
that thi' brrsilui lianria has hei rl ri I'em d to as thi last grrat imtapped freshwater
resorrrci iii lhe East shows that it is liow beirlg corlsiilered as a rlcw water slrpply
 Anon., 1967a, 1967b!. Proposals have been made l' or the diversiorl r if
.'irrsqueharrrra Rivi.r water to philadelphia, Wilmington, arid other metropolitarl
ari as outside of the river basin. Present flow rate averages about 40,000 c.f.s.

I f fri shwati.r flows were si vi-rely reduced, the productive, low-saliriity
nursery areas wouM be dislrlacr d up thi r.st»ary beyond the cordgrass rnarshes
towanl thr'. head of the tide. The lish woul<I lose much of the benefit from high
prodrlctivity and the low salinity zo»cs would occupy a far smaller volume of
wrlti r arrd far li ss lrroductivi stri ti h of rivi r. If freshwater irrflow werc red»i «d
to thi' extent, that salt water perletrated to th»: fall lirle, lhr. spawnirrg and rilirsi ry
ari,a of anadromous shad and striped bass would be elimirlated.

Saltwater Flow Reduction

The increasing need for ever larger quantil.ies ol' fresh watir have led to
proposals for the creation of salirlity bamcrs in the Bay to provide large pools of
readily available fresh water. Similar proposals havi. been made for large liarts of
San Francisco Bay and for Long Island bound. Ili the Chesapeake, such
structures have been advocated for the potomac River downrivcr from
Washi»gton and thr'. james River in the vicinity of jamestown island.

On a snral!er scale a salinity barrier, Walkers Dam, is present on the
Chirkahominy River near Lancxa. This darn was built in 1943 as an auxiliary
water supply for Newport News. Tidal flows in thi. river were eliminated upriver
from the darn and severely reduced downstream. The Chickahominy shad run,
formi rly one of the best in Virginia, was substantially reduced  Walburg and
Sykes, ! 957!. Currents are needed for spawning. On the other hand, glut herring
populations virtually exploded. The ratio of juvenile shad to glut herring
sampled in the Chickahorniny River was I:15,000, while this ratio for the
nearby Pamumkey River was I:41  Massmann, 1953!. Freshwater fishing in
the impounded river improved substantially and has remained good. The
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anadromcius shad and, probably, strilied Iiass w<r< rc.:du< <d licit hcrririg aii<l
freshwater fish increased.

Neater Pollution

1'he Ch<.sapeake estuary has bc<.n less affertcd by Iiolhition than either tf>c'
f!< lawarc. or the Hudsoil. Fven so, a total of 42,255 acres of shel lf'isf> grounds
liave been closed because of domestic sewage pollutiori  A<ion.. I968!- f»
addition, some 2,i4,000 acres of th< estuary are less desirable fcir filifihli beeaus<'
of I>oIIut«in.

 .ontaininati<ic< oi Bay waters by toxir h<tbstan«.s is c sli< «ially '«'lit<' ll< ar
pc<Itin<«ir<.. Ncit «ilily tf«'. water but the ccilt frcim the bcittom cif the. harficir has
beer! s«i ficiisc!ried that it canoe!t lie rc'd<.liosite I in cl<'.aller waters witli<iut
damaging I>sh an«I shellfish. Th<. introducticin of foreigli d<;romp<>hibl<- inaterials
tflat utiliz< Iargc: aine>unts of oxygcc< can b< c sfi<ciaIIy harmful when it «>c.c<irh l»
th< viciiiity <if higlify Iirodu<.tiv<. nursery ar«as, wh<.r<. oxygen Iev<.ls are naturally
l<!w frcim d«'rcimii«>hiti<!n of niateriaI fronl th< niarshc s. 'j'he additiori cif h<'at to
tli<.s< wat< n --air< ady warnier thari waterh «if citfi< r parts <if thc. < c<tcla~ -<.ciuld b<'
p~cire harnlful tfia<i tfic ad«litic»l «if heat tci wat< r» ili ni<irc saline Iiarts <if th<'
<ht«ary, f<ir it furtfl< r agp'av<t<s th» cii<yg<u tiafan« as welt as th< ficat fialanc<'.

CONCLUSION

I hav< d<seribcd the  .'h< sali<ake estuary � largest of  n<r Atlantic c«coastal
<ht»ari<h. Altliciilgti it c«iuld h<.ar«<fy b» <.cinsid< red as a tyiiical mid-Atlatitie
<'htuary, it haS mcii't Of th«' <'.haraet<'.risti<'.s f<iurid in theae c'Stuariea.

Wat«r c.ireulaticiri r< suits from a ccinlbinati<i<> of tidal currc'lits and a n<'t ff«>w
hc'award of low saliility surf'aec wat<r arid a li< t ff«!w towarcl the h<-ad cif th<..
<;<cluary <if high halinity, fi<ittom watc r. Th< rate <!f Ih< lion-tidal c<lrr«<ts
dc pc.n«I<c «ill th< aliluuilt <if I'resli Water <'lit<'rilig the c'St<cary. Tfi<' n<!<>-ti«fal
«.urr<.lith Icrcivid< a v< flicle fcir larval fish to ni<iv<' frcini c>«''«c< aii<l Bay spawning
gr<>u<ids t<i favciralif<' n<irh< ry ar< as ili Iow saliciit! wat<'rs.

t.:h 'hap< akc flay Iir<ivi<lc s a fav irablc liurs< ry ar«a f<!r fihf1<'s cif tfic' trav a<id
f<ir Ill ail!  ill<<'r jlhfi<'h, Iiic'.Iudliig stl ill<'d bahS, W<'llki lsll, afld sc'up, tf cat lnip at<i t«i
< cia~t«l w<ct< rs n<>rtI» <if tl« f4y. Vurthc r, tfi<' <<lost lirodurtiv<' nurhc ry ar< as ar<
lllcis< ill I<iw haliriity wat< rs, li< ar the h<'ad of tlie Bay, or uliriv< r it> tidal
triti<liari< s. 'f'll<' c <irclp'a~ lnarhli< s Iir<ivicle liiueh <if thc fci<id ciocisutil«l by tfie
slii«ill c'rusta<'t"ills tliat, lti t<il'll, Iif<!vi«l<' thc' f«crag<' fol Iarval, p«>stlarvaI. ail<I
j<l v<'nil<' fish.

t;Ic;<rig< h i» tli«itu <ri r< <I<lc irig frcshwat< r infl<iw, hoch «s dredgirig a<i<i
I'ilfing, <ir tfi< iiitr«<lu< ti<ili cii v iri<iuh kiri<Is <ii p<ilh<tanth, ail infiuen«:



101Significance <if An Estuary Qn the Biology of Aquatic Organisms

est<«rri<rc;r«ir»«ls jri a vari< ty of ways, A tlr<rr<i<rgI< kirowl<'dg«if the
r<'I<rli<iirslril>i iil tlii Iil» sic»I, ch< mical, aiid biological fact irs wiII <'Iiable us to
av<iiil < liar<i«.s that will b< most harml'ul, mirrimiz< th< d< «tructiv< i ff< CLs  if
sonl«' 'll'ifrg<'s< ail l  v<.» inrlirovr thc < stuary for produetioli of d< sirable aquatic
lit< .

Th<' liriil ilral way in which this knowl<'.dge ma> hc used is tllr<iilgh the
dev 'I<!pl»<'<it <!I a «onlprch<'naive l!lan fol' lh<' Chcsap<'at<' estllary � a Illa<1 that
tal <'s i<it<! Corrsi l<'ratio» all <if th< 13ay inter .sts. Such a Iilarl was dev<'IoIied and
is b<'ing aliplii d t i San I'ranciseo Bay. In that case, h<iw<'vcr, tire I3ay was gr< atly
clrar<g<'d b<'.for<' 'i n«' d f' or lilac<ring was ace< Iitcd. In tll< case <if the   h<'r<afieak<
Bay, a<i<1 so <I<' otlr<'r mi<l-Atla»tic < st»aries, we slr<iuld d< veloli tli  ir<f<irnlation
w<' rl«''d an l adolit gild <Irlpl<'n'rent a stl'ong illa» bt'f<>re gr'<'at irreversible <'harrg<'s
occur.
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CLOSING REMARKS BY

SESSION CHAIRMAN

James E. Sykes

This «I'tirri<iiiri iiiir sli<akirs hdv< r< lat<d thi. iis<.fiilni ss <if tlii. istiiariri<'
< rivir<irirri<»t t<i r»ariy <if tlii <irgariisrris livirrg tli<'.ri'irr arid lrav< 2< sirilii <I siimi of
l lr«' '.<<Ilfli<'lb li<'lw<'i'rl <'lvlli'Iatl<lrl air<I <'i'tliirr irl l f!f !dlr<'.tivlty. EV«' 'ar! 4<' grateful
tlral tli< Nati<>rr Ii«s sir<:h I « liirs <if thi <rivirorime»t as 1!r, Sal<>, %'Ir. Walla< i,
'I I III Mr', Mass<i i aii ll ', lr t <'ri w Il < i ll av<' drl Ilrl cli'rst a <i <i irlgg i if somi' of t Iii'
<iir»lili xiti<s iif istiiari»i syst< ms, drid wh<i ari. d<dicat<d to the task <if I-<<pirig
tjr<is<'. syst<'ms irl drl <!Ii<'rat<I<'  'ollditi<rrr iri tlr<'. f'ae«of extr< rn» Iioliulati<i» growth
< iri tlr< t l»it<.d Stat< s e<iast.

Althoiigli wast<.s from iridustry a»d rnunieiIraliti<.'s eaiise serious damage to
aquatic sIr<eies living along the coast, t!r. Sal<r hds f<ieirsed our att<:ntinrr <in tli<'
unwis<' Use i! f Iarid <!Ii tli<' wat<'rfr<!rlt ilild I<I!str<'anl. I t is tr'lli' tlidt of 1 tlr ' Paeif i»,
Atlanti<.', arid  lulf coasts < orrtarrr irratiori, damr»irrg, arid gi rii'ral nrisrrs< iif fi i d» r
str<arns havi a««ill< etivi arid niagriifyi»g «ffeet uli<iri livirig r<soure<s i!f' tli<
i <iastal mori<. TIr< r< w<iuld Ii< littli' advaritagc iri c<irrtr<illirig rrrarr's i»flir<'rte<'s
i<lil<'Iy al<!lig th<' sI1<!r<'.Iilr<' wllll ' If Il<irirrg Iirs il<fllr<'.<le<'s illii!ri lh<' r<'Iativ<.'Iy tltly
stri arris I'artlrcr irilan<l. Aliliari ritly, tlii. <'ff«.'..l» of largi. iridirstridl-t> p<' oIi< ratioris
<irr th«' 'st<rar! <'.ari I!i' i'iiiitr'oil<'d an<I Iilariii<'d Irr<ip<'rfy, whi'n'ds tlii' ac<'rrmrrla-
tivi < ffi'i.ts <if Iri«i'r»<al <.strrarirr< alt<'rati<iri yi< lds lirolilerns riiori: difficult t<i
s<ilv< .

Mr, Walla«, iri aliliraisirig tlri' rnidille Atlantic sIr< Ilfisli siluatiori ~ir< diets tllat
s<irrii sIi« i< s, liarti< iilarly ttii Y< w Y<irk liard «Ianr, ari' d<.'stir<< 8 t<i firodue< w<.ll
<Irrrirrg tlr<' I'<.ir< si <'alii<' fir tirr<'. Ilarv<'sts w<irild 4» much gr<'at<'r riow arid ir th»
lrrlirr , Ii<iwi v<'r, wi'ri it <ii!t fiir i < wag<' li<!llutii!ii wtiii.'Ii Iias cIos '<I md»v a ri s <!f
Iiriiiliri ir<I! Ii< «ls, II<itlr f»>ll<rti<irr ari<l disi'asi' liavi r<'drr«''d oysti'r Irarv< st slrarpjy
iri II<< irii<l<ll<, L I.'rrr li<' ~t;il<'s.
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>'lr..'ila~st»ann described the trelnencious biological carr! ing caPacity of
OlesaI~eal't l>ay and reviewed th» fisheries contributions which that Bav make s to
other imparts of tile Atlantic coast. The biological irnportanc» of Chesapeake pay
is readily apparent in statistical digests of United States fisheries cornfnercjal
harvest in 1966 was 426.5 million pounds and sport catch about 22 Inili!pn
pounds!. He urged interagency cooperation, a consolidation of knowledge and
early irnldementation of that knowledge, leading to effective management and
control over estuaries to prevent otherwise irreversible changes.


