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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.
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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'
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(A) Morning seuion 

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

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

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

MR. IIA HOLD K. CIIAOWICK, California Department of Fish and 
(;amc, Stockton, California. 

(H) AftP.rnoon Seuion 

Mil. JAMES E. SYKES (Si'.BSion Chairman), Director1 St. Petersburg 
Biological Laboratory, Bureau of Commercial Fisheries, U.S. Depart• 
menl of the Interior, St. Prkr8hurg, Florida. 

Mlt DA VII) II. WALLACE, Director, Division of Marine and Coastal 
H l'tt( >1tr1'1~1s, N 1· w Y f irk ( :o mwrv ation I )epartmen t, Ron konkoma, New 
York. 

I)({. EHNEST 0. SALO, Fisherif'!> R,•iwarch Institute, College of 
Fish1•ri1•i,;, l f 11iv1·rsily of W a!>hi11ghm, Si•atllc, Washington. 

'.\11{. WII.LIAl\·1 IL !\-IASSJ\·IAN!'\, Hurl'au of S11ort Fislwrit>s and Wildlife. 
U.S. Oqiart111,•11t of thl' lufrrior, Washingto11. D.C. 

Tl11· op1•11i11/! papPr hy I )r, ( :ro11i11 w,1., ,·.-.1u·1:i.ally solil'ili'd to .-.i•rn·, in part, a). 
th1• k,·ynoh· tlu•nH' for tlw S~ mpoi,;ium. Tiu· closi11g papPr Ly .\1r. !\lal:ismann was 
nip1•1·ially :-oli1·it1·d to s1•n·1•. in part. u.-. a s1m1marization for llw inhen·ut thl'me 
of tlw Syrnpo.-.ium. 

l1ul1li<"alin11 of this ~ymposium was mmk possihle hy m1·,m.-. uf ,\J~F Grant 
No. 11000070, uruli·r tlw S1•,1 (;nmt Program of the National Scienr.~ Fou11da• 
lion. 

Tlw Sport Viifon/! 111!-ilitutr is mrn;I grnll'ful lo th1• participants listt-d above, 
who g-av" so 1,!t•1wrously of tlwir an·umulatPd knowl1,dg1\ 1:xpcricnee, and time to 
lwlp makr tl1is Sympo.-.ium 111J;;.,:.;ihlt'. Thi• Institute i.s ahm gratdul to the National 
Sci1·m·1· Fou11d.1tio11 for pro\'iding m·c·,•si,ary financial support to the Symposium. 
Tlw lm,litufr was pli·asc•d lo eoo1wrah' with the National Wildlife FcdtTation and 
llw .~porlsnu·u \ Cluf,:,; of Tnas iu providing a solid scientil"i(: foundation for 
liwir :-;11l1s1'1pw11I n·latt-d :,;1•ssio11s on lh,, sot"io-political considnations m 
/1 ·t.-rrn i,1111/! ,lfl prof iria k UM"s of csl11ari1·.s. 

l'nl,lic-alirn1 ()f this Srmposi11111 will lw of great value in explaining lo 
".id1 T."h i p 1 ·l1·n wn b in I lw iu I 1 -r1'.slt-d ~,·nnal public the "whys and wherefores" 
.f 1'sl11,1ri"" .md lli1·ir lii11/ogi1·.d :-;iµ:11ifie.mci-. fl is t'stimatcd that well over half of 



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

INTRODUCTION 
TO SYMPOSIUM 

Richard H. Stroud 

Executive Vice President, Sport Fishinl{ fostitut", 

U·ashingto11, l>.C. 20005 

S1·vual nationwide and rrgional stucly n·1iorls on t·sluarit·s havr lwt•n 

complrlt~d rcct~ntly. Noni•, howi~v1·r, has ad1•q11at1·ly nn 11hasi1,1•d tl11· ft11ulam1•ntal 

biological significanct' of esluarir::;. Thir- is th,• :-;uhjP('l of today's symposium, 

drsignrd to srt lht> stag(· for suhst'(]twnt di:-1·us...,ion of :-rn·ial. t•1·cmrnnic, amJ !.-µ,-al 

aspects of t'sluarim~ us,•. 

At the v1•ry oubwl, Llwrt•fort•, ii is important lo 1·onsid1~r the nature of an 

ei.tuary. In the first plac1·, an ('Siu ary jf,:, not a land art·a, and rl cw!- not ind tuJ t' any 

land abov,i the high-water mark. An Psluary is a liody of wat1·r al th,· t>dµ,-1· of tlll' 

sea with special t·c·olog-ical diaraetnistics, lwin~ llt'itlwr wholl~ fn·sh nor wholly 

salt. As generally n·gardl'd: 

.. A II r!<luan i,._ a l-t'mi-Pndwwtl t·oaslal hrnly of w akr having- a fr,,,. 
cor11u·ction with llll' 01w11 si·a mul williin which lht· sea wal1·r is 

m,•ai,,urahly dilulPcl with fn•:,;h watn dc·riving from land <lrainag1:" 

(Canwron am) l'ritdrnrd, 196:J ). 

Thus, 1~:--t 11.Jrii•,.; an· zorw,._ of 1-cological tran8ition between frc!ih water and salt 

wain- tlll' n,a:--tal bral'ki:-.h wakr an·as. Closely associated with estuaries are the 

tid.11 fn-shwaln habitat,, that occur immediately ahovr the upptT limilb of 

saltwat,·r intrusion. Thnw an~ vitally important as nursery and spawning areas for 

many anadromous sp1:cic,;. Seaward from th,i estuary, beyond the semi-

1•111:ompassing 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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Table l. Identification of Estuarine-Dependent Marine Fiahes Common to U.S. 
Coastal Waters 

Estuarine 
S . I pec1es Fisheries 

Biologists 

Barracudas t ••• 1- ••••••• ■• 

Bass., Black Sea ... ~ .. • ■ ■ ■ • • • • 

Basses, Pacific ••• "". t. t. t t t 

Bluefish ..... - ..... 4. •••••I• 

Bonitos t t- ■ t •,.,.I,.,. ,t ■,. + ■ 4 

Cabezon and Pacific Sculpiru! .. 
California corbina f I I I• f. • t • 

California sheephead ••• ■ •• ' 

Catfishes • • • • • • • .. .. ~ • .. f • • 

Cobia • ■ ■ ■ •• ■ .... II- •• ■ .... 

Cods, Allantic ...... . ~ . . . ~ 

Cods, Pacific . . . . . . . . . . . .. 
Croakel'll f ~ t- t t • .. I .. I" .. t- I I t 

Conner ,t ,. ■ ■ ,. • • • ~ _.. t- r • • • ■ 

Dolphins •• J. t ...... • .. • 4 •• 

Drum, Black 4 ■ .. ■ & • .. • • ~ 4 • • 

Drum, Red 1- ....... t- •• ■ ■ •• 

Eel, American ....... ■ •• ■• t J t. 

Flounder, Pacific .... "'t- ..... ■ 4 

Flounder, summer ... • • ~ t- .. t 

Flounder, winter t ... t. ••• ■ 4 ■ 

Gar •••• - - .... ■ .......... t t 

Groupel'll .. • .. • • • • t t t ......... 

Grunts ... • • • ~ - • • • • ■ •• 4 .... 

Haddock t t- •. • ■ 4 t • • • 4 • • • 

Hake, silver . . . ~ f t t I 

Hake, spotted ••••I ■ 

Hake, squirrel .... & .... 

Halibut, California . . . 
Herrings, A tlanti1: . . . 
acks . . . . . . ~ . ~ . J 

J ack Mackeri!I - .... 
Kin~fishe~ • I 4 + • ~ • .. 

■ ■ 4 ■• ■ 

■ •••• t 

T • r • ~ • 

.. - - - . 
~ - . . ~ . 
• • • ~ ■ • 

. . ~ . 
•••I• t 

Lady fish +•I •A•••.._ .. +•••• 

Lingcod • ■ .... I-"'. t • . . . . . .. 
ackcrd, Atlantic .. ■ f I• ... ■ 

ackerel, King ••• - t ....... ■ 

M 
M 
M ackerel, Pacific ... t ■ ......... 

Working Locations of Biologists 

Atlantic Coast 
Gulf Pacific At 

Northeast Middle South Coast Coast Large 

~ ~ ; ..:.:: N .. ~ 

j ·2 ~ .. E "i ] t 
~ J i 

> 
.6 II,) 8. .. i >, 0, J j J ::t: 00 • ·a 8 < ~ ~ a i i,t. Q :c ',:I VJ 

X X X X 

X X X X X 
• 

1 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 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 X X 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
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IVortheast Middle SouthSpectra
1

vl hD
X
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Ocean Whitefish
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Sablvfish

Salmon, chinook
Salrn m, coho
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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!

6 Introduction To Symposiur:, 

Table I. Identification of Estuarine-Dependent Marine Fishes Common lo lJ.S. 
Coutal Waters (cont'd) 

Work.i~ Locations of Biologisti; 

Atlantic Coast Gulf Padfic At Estuarine 
S . I Fisheries Northeast Middle South Coast Coast Large pecu•s 

Biologists 
!:.L ... 

5 = ..:.:: li ('I 

II II (,,l 1 ·2 u .. e "i ~ 
.. C 

(,,l .. 
j i ► ii) ii) -5 .. 

~ >, C. "O - .. :i: 

~ 
u II =; ~ 

II .3 i ~ l C. l i:n u 

< u a -i:J: Q ~ ::c: "'Cl ~ z e. 

Mackerel, Spanish ••■ ft- t- t I -II, X X 
Mullets ... • I L ■ ~ • , ■ •• ' t X X X X X X X X 
Ocean Whitefish • ~ ~ ~ ■ • • • • ■ 

Opalcye • • • • ~ .. ■ ■ • I• 4 + • t t 

Perch, white • ~ • 4 I 4 I • f ,I. ~ • ■ X X X A X X X X X 
Perch, yellow ................ t X X X 
Pqefi.sh .. ~ I ~ + • • • • .. • I '. X X X 
Pollock It 4 ••.II• f ■ •. •, 

Pompanos I• .... ■• I .. • • • ~ • X X 
Po~if'11,. ... It t t I 4 • t •!I X X X \ 
Purfohl ..... • + + .. • t • •• II X X X X \ \ 
Rockfo1hc11 t I 4 -II_.• ... • + I ~ • 

Sabldi11h ~ • • • .. I t- ~ I ~ 4 4 ~ • • 

Salmon, 1:hinook ... .. • '4 • t X X X A X X X X X X X X X 
Salmon, t'.oho • f t • ~ j. + ~ 4 4 • X X X A X X X X X X X X X 
Salmon, pink • r , • ~ , • ~ 4 ■ ~ • X X X A X X X X X X X X X 
Srahali:I, whitr • 4 • - • ~ • • ~ ~ 4 

Scarobim; • r • • f t • • ~ ■ I• I•. X X 
Sratrout, sand X X X X ., X X • • .. • .. t I ... 
&~atrout, .spotted • • .. • ■ 4. ■ ... X X X X X X X X X 
Sf'i:itrout, white X X X X X •; X X X ••I .. • t • f • t • 

Shad, Amerkan •••••• T. I •• X X X X X A X X X X X X X X 
Shad, hickory 4. ■• ■ .... • I ~ • • X X X X X A X X X X X 
Sharks * •; .. I .. •• I+ 4 .. t • It• t t 

Sharks, doµfish • .. • • • • • ~ .. I 

Sil Ye' r~i,l1·s I I• 4 ... . ~ ~ ~ X X X X X X X X X 
!-inu·lls X X X X X X X X * X * X X . . .. ~ . . . . - j ~ ... ... • • • 

S11aprwr, gray • - • 4 . . ..... X 
.'-,11a1ipu, red ~ .. ~ 4 • • • • ~ ~ I 

SnaPfwr, ydlowlail - - ~ & • • • ~ 

S11ook .. ... ~ • I 4 • ,._ • ~ . . ~ ~ X X X X 
Sp,ufrfoh. A llanlic'. .. X 'I "I . . . .. 
Spul ... . ~ ~ ~ . . . .. X X X X X X X X X 
·1,·i-llw,1d .. . . . . X X A X X X X X X X X X 
'tripi-d h.i~~ . . .. \ X X X X A X X X X X X X 
·1uq1•·011 . . .. X X X X A X * X X X X X X 
l!l l°;,1·1,·!w~ 



t n tr odu etio n To Sympos ium

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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Table I. Identification of Estuarine-Dependent Marine Fishes Common to U.S. 
Coastal Waters (f'o11t'rl) 

Working Localions of Biologists 

Atlanlic Coast 
Gulf Pacific At E..,tuarine 

~ s pccies 1 
Fisheries Northeasl Middle South Coai;t Coast Large 

Biologists 

j 2 C .;;t, N 
I'll (.> 

1 ·2 II.) u ... .. e "i 3! ... C u II) ... 
j t: .c: 

~ .. .. 
1 >- Cl. "Cl ] 

... :c II.) =; I'll I'll ~ ·e 8 ~ rn u < II.) 0 0 :=E rn ~ :I: "Cl z (I) 

Tarpon 
- • - • • • • • - • ~ & ~ ~ .. • X X X X X 

Tautog ...... , . , ....•... 
., X X X X 

Tenpounder • - • • • ■ • • • • ~ • 4 X 
Toadfo1h X X X X ., 

• 4 ~ ■ + • • • • ~ T • • • • 

Trout. cutthroat A * * * ~ t I ■ • ~ • • • 4 

Trout, Dolly Varden ........ A * * * 
Tunas ~ • ■ ■ • .. .. • • .. 4 ~ 4 • 4 ~ T 

Weakfish • • t 1o f I t 4 ' • • + 4 • ~ X X X X X X X X X 
Y eUowtail, California + • I• 4 • t 

NB: * designates "somt" Spt'ciei; only"; A designates anadromous nature. 
1 List of Species ( S pedt•s groups) from -flrut'I. D. G. and J. It Clark. l 96 8. The I 965 

Salt Water Angling Survey. Bur. Sp. Fish. and Wildlife .. H.f'~. Pub. No. 67. 51 pp. 
2 McHugh, J. L. 1966. Managcm,.nt of •:stuarinc Fisheries-A Symposium of Estuarine 

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

about which specif$ or spn·iPs b'Toups of marim· fo.;hes commonly found in 
coastal watns are in fact estuarine.dependent at some critiral stage(s) of their 
life histories (Tahlt~ l). This s1•rv1•i-; to illustrate th1· poorly-appreciatt-d fact that 
much ess,~ntial t•:11-rrwntary biolo~ieal infomrntion about many of these species 
remains to b(_• aC(l uir1·d. In turns of thi·ir land1~d values, however, nearly 
two-thirdE; (6:1%) of tlw (:ommcrcial catch on the Atlantic Coast is made up of 
species believed lo he cstuarine-depemkn t (\kllugh 1966). Assuming that this 
applies equally to th,· ('0111hi1w(I catdws by fnn•ign nationals as to the ll.S. 
donws tic ca td1, th,, fo,h i·ri Pt- y id d from th t' U.S. Atlantic Con tin en la I Sh elf. al 
pn~senl levds of d1·\·doprrll'nl of the fo;herit>i;, is Pquivalcnt to about 535 pounds 
per acre of •·i-luari,·t-. 

Thus, for 1·,wh MTI' of ,~;;tuary oLlitcrated through filling, or otherwise 
dt~~troy ◄·d, th,·n· ('Olild lw a ,·om•sponding annual loss in yield (at present le\lelS 
of rc!,;ourn• d,•vf'lopmcnl) of about 535 pounds of fisheries products on the 
Conti,u·ntal Shdf. (Whctlwr some compern,atory increase might occur in 
production of otlwr spcci(·s i~ a m alter of speculation.) Similarly, general overall 
reductions of prodU<:tivity of th,~ estuaries by pollution (or other factors), say by 



Introduction To Symposiu~

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
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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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Opening Remarks By Session Chairman

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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THE BIOLOGY OF THE

ESTUARY'

L. Eugene Cronin and Alice J. Mansueti

Chesapeake Bi ological Laboratory, !Vat ural Resources Insti tute
University of Maryland,

Solornons, Maryland 20688

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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The biology of the Estuary

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!,

The Biology of the Estu,uy ..... 

Figure I 
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SOME PHYSICAL, CHEMICAL AND GEOLOGICAL 
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Tlwri• are, however, characteristics which appear lo be common to many 

csluari,~s. As shown by a section along the center of a simplified model (Fig. 4), 
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Figure 5
Courtesy U.S. 4rmy Corps of Eqgfneerr

The 8-,ultr, ,' .r. · tSt\1<11y 

FltESHWATH ESTUARINE 

Figure ,J 

-
Courtesy U, S. Army Corps of EnginHn 

Figure 5 



18

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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llll'rt' iH frci.h watfir at lh4~ river end, oceanic conditions al the other1 with the 
mixi11g i.yskm calletl thi• f•sluary l()cak1I hdwecn. The river influeucc may 
ori~iru1h· far inl1111<l, ,mcl tlH' ocl'anic influenct~ may di•rivc far beyond the 
mntirwutul i,;fwlf (Fig. 5) or tlw f'dgf' of tht~ open sea. 

In most ••stuarit•n, tll ◄ 'rt~ is a brradi1~nl in salt content from high values of 30 to 
:ia parli,; of i-uh 1wr thousaud part!! of water al the ocean 1)ml lo z,·ro salinity at 
llw riv1·r 1•1111. f.-;olrnlinc linr:-. following the same salinity value, however, do not 
11 . ..;uully ru II strai~h l ,wro . ..;:,; tlw 1·sl11ary. Thi· c.trlh 's rotation causes these lines to 
lw higlwr 1111 tlu- right-hand si4Jr fucing upstr,~am in the northern hemisphere 
(Fig. {i) mul on tlw ldt-hurul side in th•· southern hemisphere. Sampling also 
n·v1•,1I." I Ii a I ifrq u-r \\ .ikr,..; an· usu alh· salti1·r than surf at:f' wafrrs and that the ,~hb 



1i«. 8<ol«>gy of the Estuary

F'ig<«re 7

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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and llow of the lidr carry tht• hmhalim·s up and down tlw i·stuar) (Fig. 7). These 

lines of uniform salt conlt.'nl arc also drivt·n downslrt•am when tile river flow il'i 

high and up!;tream during tht! periods of low flow from the lan<l. Since high-flow 

nmoff is often several hundred timrs at- great as low-flow nrnoff, seasonal 

~inity variation may be very large at one location. 

Many of the coastal plain i'sluaries contain a two-layrrcd system of 

circulation which is of unique importance to dw sprci1•s which live there. This 

circulation pattern is the n~i;ult of the intnision of hi!avicr salt water from the 

ocean under less saline and lighter water from the river. Particles of water near 

the surfacl' undergo a net downstr(~am movement, wlwreas waln particles near 

the bottom .:1rc carried toward the upper end of the system (Fig. 8). This creates 

a stratifh .. d systf'm, with a distinetiv1• estuarine pattern of circulation (Fig. 9) 

that results in transportation of organisms in th~ surface wah~r toward the sea 

and of organisms in the hottom wafrr toward tlw river. 

Thi· total quantity of watn llowing pa8l each point of land increases 

t!nonnously toward thl' oci·an. In a tliagrammatic representation lo suggest the 

inncast•, IR ean .-qual lht• flow from the river and the quantity at various 

lucutiot1:,; may hi· ,..hown iu multiples of R (Fig. 10). It is clear that far greater 

volum.-;; of rivt'f water are available for dilution of wastes (if that is desired) in 
tlw s!'aw;ml portion of the estuary. 

Hiv,·r wall'r contains sediments which are washed down from the river or 

,·roded from the shore. The constant input of this solid material eventually fills 
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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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,~ach basin or builds a delta oul into the sea. In large estuaries, tlw highest 

conci~ntration of sui-pendrd SP.dimenl is 11:-;ually found in the low salinity portion 

(Fig. 11). This is where flocculation oecurs, wh.-rc th1~ hroadening of the hay 

permits sediment to Hl'ltle, and where currents from wind and waves frcquenll)' 

resuspend and redistribute sedimn1t.;;. Pennarnml accumulation occurs in th1· 

deeper channels (Fig. 12), where compact dcpm;its of fine particles may he over 

a hundred foet deep. The sediment<.; abimrh many chemicals and n•rnove them 

from the wat1!r unless dredging or :;lirring rd,·aHt's them or biological activity 

removes the chemicals from the deposit. 

Phyoically, t$luaries are influenced prineipall) hy variations in rivPr flow, 

density differences betw1~cn water masst'!-i 1 tidal mownH~nts, the phy:-;ical shape 

of the basin, the earth's rotation, and friction. Bccaus,· tlwy arl' rdativdy 

shallow, estuaries art· more affected than thP 01wJt l'.i<'a hy wind, changrs 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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temperature, and sunlight. Man's effects on the physical paramf'kn; are rapidly 
increasing. Flow rates, temperatures and vertical stratification all changf' 
seasonally; also, lhere arc short-term variations in all physical conditions. 

The chemical composition of estuarine watN at one site is mmally the 
quantitative resultant of the mixture of seawater (with stahlc inorganic ratios 
and more variable organic components) with land-imurced waler (chemically 
related to the river basin). The fonn and chemical activity of elemenl'l and 
compounds in estuaries are only partially understood. Chemicals may enter 
physical association with the abundant silts and microorganisms, interact 
chemically with the great variety of other elements and compounds present, or 
enter the biochemical processes of the diverse biota. Addition of such substances 
as nutrient salts from treated sewage, trace metals or other compounds from 
industrial waste, pesticides, or other materials from specific points of origin, will 
produce patterns which are not the simple resultants of admixturr of oc,~an and 
river water. 

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

THE BIOLOGICAL PATTERNS 

Bacteria are ubiquitous and abundant in estuaries. tvlany surfaces aml the 
water mass itself arc rich in bacterial flora. AK "littl,• hags of enzymct-" Lh('y art· 
important to many chemical cycling and recycling prueess,~s. They arc also 
important to the health of estuarine species and people and there is urgent need 
for increased comprdtcm,ion of their roles in estuaries. 

The only food factoric8 in estuaries, as on the rc~st of the earth, are planb. 
They use nutrients and carbon dioxide in the photosynthetic processes Lo creak 
organic matcriah,. Drifting one-celled or colonial phytoplankton arc frc{p1ently 
present in quantities of millions of organisms per liter of wafrr. Measurement of 
phytoplankton and of its raks of production arc not easy; Lhcrdorc, use is made 
of indirect techni(Jucs such as comparing oxygen production in light and dark 
bottles placed in stable conditions of temperature and light for fixt:d periods of 
lime. Such studies show that phytoplankton, in summer, is ofL1•.11 most d(~rJ!-ie 
near the surface and in the low salinity areas (Fig. 1.l). ln winter, thf' crop is 
smaller and more uniformly ll8lrihuled (Fig. 14), 1ml food production 
continues. 

Planklonic plants arc the only import.ant plants in the open sea, but the 
rooted a(111alic plants arc of 1mormom, important:(' in Llw !-ihalluw walns of 
estuaries at the edge of the land. Thrn,1· fonn two kinds of communiti<'.s---
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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

The 81olo~h' of lt11i l~tuary 

R,,,,te,t 
~quatic 

Plants 

Figure l.'i 

25 

-:/ ·\~/-) :, . 

.. -::,,.-,,_, .. · 

,.;uLnwrg:1·(1 lwd.s and marslws (Fig. 15). Suh:-urfac,· rool,·d plant.:,; (in which the 
"root'' i,; morl' acniratdy callt·d a hold-fa:-t) captun' nutrit'nls "'hi<:h are huilt 
into plant t i,.;,.;u 1· s (I u ring tlwi r wow i 11g ,.;t' a,.;on. The.st' b i·d s an· ex c dk n t ha Li ta ts 
for many fish, cmstacca aml otlwr !-f.Wf'it's. l11 lt'mpf•ratt- dimatt's, tht·se- heds dit' 
hack during fall and winter. rc>l,•a;,;ing organic detritus. Films or beds of ,ilgat• on 
thl' bottom an· ,.;omctim,·.s highly productive. 

:\farshland~ ( Fig. 16) var)', t'1->pecially in relation to :salinity, th1_• a\'ailahle 
suLstrale, and longitude. llecen t rt',.;careh ha:; lid pcd to darif y tlwir com plt'.x a,ul 
unique roles in ,·oaslal l:i)'Slt'ms. Briefly, they are- organi1' fat'lorit~t'i, traps for 
sediments, n·s,·rvoirs for nutrin1ts and other chemicals, and tht' productive .u1d 
essi·ntial hahital for a large numher of invPrtehrates, fish, rq,tilcs, Lirds arid 
mammals. Annual plant growth and decay, providing continuing large quantiti1·s 
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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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of organic J1•lril111~, IB om· of the major comporwnL., of the cycling of nutrients in 
t'tll II arit~f'I. 

A portion of the plant mau~rial ii. consunll'd by animals. The zooplankton 
indud1·s abundant copcpods, shrimplih sl'ccit"'8 (Fig. 17), larvae of almost all of 
tht• animals which livt) in estuaries (Fig. 18), jellyfishes, and other drifting 
rifH'ci('t1. Many of tht"sc consume phytoplankton or browse on larger plants, but 
"'onw ingt".st detrit1111, strip off the bact,~rial film which has devdoped, and 
,~vuruat,· the drtriluti lo act again as a substrate. Zooplanktcrs, like all otht"r 
c1-1luari1w Ml ►•~dt'.1'1, reveal behavioral IHllfrrns which pt':rmit tht·m to be successful 
in tlw tifwcific ••nvironmenl of tlw Psluary. A diurnal migration cycle has been 
ohPll'r\'r1I in many 1,1u~cil's (Fig. 19). 1 n the ocean, thi8 would involve only vertical 
movrm1·nt. In tbl' waler circulation paUe.m of a two-lay1!red estuary (Fig. 8), 
how1•v1•r, thii- wrliul moVf~mcnt lr.in:.lalf>s into uphay movement during the day, 

mul downbay transport at night - rc-i-;ulting in a roughly circular motion which 
rrtains 1111• "'1'••1·i1•"' ,war its oplinrnl sali11ity rang1i. Other interesting mechanisms 

arr known lo ,·xii.t which 1m~v•inl zooplanktou populations from being washed 
out to !-iPa, and tlwr,· are probahly uruliscovl'rcd adaptations which assist the 
"I "'<·11·:-1. 

Tlw hottom "'iwci,•s, t'Olli•clivdy called the hcnlhos, are usually more 
;1h11111lanl mul rnluahl,· in nluarirs thm1 in frt•sh waler or the ocean. The sp1·cics 
11·1· l1iµ:l1I} div,·r ... ,·, i1ic-l1uli11~ many amwlid worms, a variety of cruslac.~ca, 

noll 11s1·:-;. ,mil .rs:-;ucia In I fish mul i m·1 ·rkhra t,,_.,_ 1\1any fl't~d by various filtering 
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From Sir Aiistair Hardy 's The Open Sea � by permission
Houghton Mi fflin Co., Phiiadelphia

1''!'inure i 7

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!.

From Sir Alistair /lardy '.f The Open Sea-by permission 
Houghton Mifflin Co., Philadelphia 
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proci•ioiscs, and th is t·o11 tiu 11 ou,- rt'nw,·al of phy top Ian ktt"r!:i an<l other food 
partidci; is an 1 · ffoc tiv1• t ra11 pi11g 11 f nu Lrit•JI b flowing: th rough tJ1 c estuary. 

The rich shdlfish lwds of Cliesa1wakP Bay and many other bays on all coasts 
an' vivicJ t•xam pll's of n1pturPd food in<"orpora Led in lo sessile and harve.stablc 
animals. Shellfish lwtli-; arr wid,~ly disfwn.;1•tl in 1'.sluaries, with each species in its 
own optimal hahitat. Oysfrn,; of various spt·cin; arc found on all coasts of the 
llnih·1I Staks, hut S(•vrral of llw most successful species occur only in estuarine 
t•nvironments. Soft-i-;hdl cl.uns arf' mor1~ northern in distribution and range from 
low to high saliniti,:s. Sonll' of the densest dam beds are in the Chesapeake, near 
the soulhl'rn cdgt' of Llwir range (Fig. 20). The bottom sediments of many 
c~luarinc· areas contain a varied and abundant mixture of species which is 
n·vcalcd only hy sit'ving and washing (Fig. 21). 
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Figurc 2P.

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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Alonµ: the length of the ('Sluary, the Li·nlhii: pnpulatinm, ran~1• from fresh to 
marine environments, but the densest h<·ds arc often nt>ar the c1·nler of tlw 

system. Each community is complex (Fig. 22) and b'Teatly affected by tlw 
surrounding biological community and ahiotic environmental conditions. The 
oysti~r, for instance, is notable for its ability to tolerate high sediment 
concentrations, temperature variations from near freezing to summer heat, and 
salinities from about five parts pu thousand tu oceanic conn·ntrationt-, The real 
rfo,tribution of O)'Slcrs, however, is frequently conlrollcd by three factors. The 
upstream limit iE set by the maximum flow of frt:sh water from tlw river. The 
downstream limit is set by predators and parasitt>s (boring snails, starfish, fo,h, 
aml micro8copic organisms) which occur only in high salinities. Its lateral spread 
is limiti•tl hy the too-soft sediments of man)' channr·ls, so that the oyster (and 
otlwr molhtses) an~ most abundant on tht• shoal, firm channel shoulders (Fig. 
2.1). 

Thi· R4~ssil1· lwntliic 1'.sluarirn~ specif's posS('SS unique advantages and offer some 
of dH' gn•alPHl opportunities for aquaculture. They onur close to shore and ar,~ 
an-cHsible, they are sessile and can be own1•d by the culturist, and they have high 
commercial value. Especially significant io the fact that they feed very near the 
lwginning of tlw food chain, wlu·re the quantities of available food are greatest. 
Sorn" iif.H'ci1·s ,·au alHo l.w n·an·d in hatch1·rit's, making it possibk lo breed 
lillpPrior strni11s for fost growth or other d1·sirahl1• d1arackristics. 

Tlw aquatic ·"lwcin, whid1 can f<-Wirn far--tn tl1an usual wakr currents, and can 
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Fjgure 23

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
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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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 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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for reducing a complex body of incom piete scicn tific knowledge to a
communicable general description.

If thanks can be given to an atmosphere, we express our appreciation to the
informal and stimulating spirit of the Atlantic Estuarine Research Society, where
so many ideas about estuaries have been presented and discussed until they were
either matured or abandoned.
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THE TEXAS WATER PLAN
AND ITS EFFECT ON
ESTUARIES

Charles R. Chapman

Bureau of Corr<mercial Fisheries, U.S. 1!epartment of the Interior,
8'ashinglor<, B.C.

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
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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.

42 Morning Session 

addition lo fresh water needs for mmmg;, navigation, p< 11 lu Ii( ,u , :011 trol. the 
estuaries, and to replace C\1a1•oralion los.;••~. Since hrro111ul watn ~uppli,·s are 
diminishing, most of the future fresh water nc,·ds mw-;l he suppli,·d liy :--urface 
wah'r and almost half of this will have to hf' imported from 0111 of Stale. 

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

1960 2020 1 

1Jses 
Total Ground Surface Total Cround Surface 

lrri~tion ......•....... 12.5 10.4 2.1 )(1.9 3.0 13.9 
Municipal and lndustrial .... 2.6 1.5 1.1 12.2 2.2 10.0 
Mining ................ .1 .I 0 .I .l 0 
Navi1¥1tion ............. 0 0 0 .4 0 .4 
Estuarfos and Refugr.s2 •.•.. 0 0 0 2.5 0 2.5 
Evaporation l..osstk From Texw; 

Water System .......... 0 0 0 l.4 0 1.4 

Total •I .. J • • • • ■■ •I I I 15.2 12.0 3.2 33.6 5.3 28.2 

1 lndudcs 13.0 million acrt"-fert of surf ate watrr needed from out of stale. 
2 Partial ttplact"mcnt for upstream divisions; not total rstuarinf' frt"sh water requin~ments. 

Sourcf'! Publication, "The Texas Water Plan," by the Texas Water Development Board, 
No"emb(,r, 1968. 

Mm:h of tht~ waler <livertcd from stn•ams for municipal and industrial 
purposes is returned lo the slr«·am as sewage and indm,trial wa~tc. Part of tht: 
wuli'r mwd for irrigation also rdurns lo streams or estuaries as agriculture rrtum 

nowii, conw.ining fortilizers, pesticidn,, and herbicides. 
Municipal and induii,trial return flows now total aho11t 0.0 and 1.3 million 

acn·-frd, n·sp◄•ctivdy, c•ach year. Ahoul 0.5 million acrf-'-fod of tlw industrial 

rdum Oowi; arc i.alin«~ water from the csluariel:i. Thus al1oul 1.6 million acre-fert 
of fn·:,;h w,1la an· div,·rtcd from i,;lrt:am~, U!:i◄ 'd, and rctunwd to the~ streams and 
1·sl1wri(•:-- as domci;lic &·wage and industrial wast,~. Th◄~r◄• is litLlc if any 
information 1111 tlw quantity and quality of agricultural return flows. 

Al111oi;I :m pnt'.cut of all municipal and industrial return flows drrivcd from 
fn•sh wakr original,· in tllt' llouston area anil mo~l is discharged into Galvei;;ton 
lli.Jy. An ,ulditio11.1I I !"i fWt(Tnt of the rdurn flows originatP in Dallas-Fort Worth 
.uul al:--o rl'a('h C .. 1lvt•:--to11 Buy via tlw Trinity River. Municipal and industrial 

rd11m flow:- will i11crn1:-◄• tr('UH'ndoui-ly, with :30.5 million people in Texas, 
n· .. wliir1f!· .111 P:-limakd fl. I million ..Jcn·-f1·1·t per year hy 2020. l\·1uch of this waste 
w,1 lt-r \\ ill ri·.:wli thi· i·:--111.1ric;-;. Tlw arnouu t of futurP at.,rricultural n•turn flow& i:. 
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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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1101 k 11mm l,111 wonlrl lw l'o11~id1·rahh !,!rt'alt·r wit Ii l':\ p,1111lt>tl irriµ:al ion. Tlw 

<'i:.t i 111 ;.1 kd amotrn t of 1111111 icipal and i 11tlu:-t rial rd urn flow~ 110w n·ar hi11~ tlH' 

t•~tu.iri,•,-._ ,md now,-. t'X!H'l'il'd l► y ~020, ar1' ~how11 in Tahk 2. 

Table 2. Estimated Change in Annual Municipal and 

Industrial Return Flows to the Texas Estuaries 

(;\1illions of Acre-Feet) 

E~tuary llistork ( 1%0) Fulurt' (20:W) 

Sabint· I ,ah 1 
r • • ~ • • -II • • I • ~ • • 

.04-9 .56 

Cah·1•sto11 Bay ~ • • • I 4 • • • • • • ~ 
.202 1.50 

Ea~t l\1at~urda Uay • ~ T • .. ~ • 0 p 0 0 

Matagorda Bay ·~•~T••~~~~-4 .004 0 

San Antonio Bay ~ ~ • • I I .. P p • • .Oil .30 

Aran...as Bay + • • ~ ~ I p • ' • .. 4 I • ~ .Oll . I !) 

Corpus Chriliti Bay ~ I r I • ~ • r ~ ~ .022 .20 

Total r, • t ••••••I• .. • j I I .299 3.01 

1 Fuhm· rdum flow~ estimalt'd tu 2010 only. 

Sourer: Historic and Sabinr Lakt> 2010 from th1· Burr-au of 

Rt>cl ama lion_ 

Future, excluding Sabine Lakr, from the Texai; Waler 

Development Board report, "The Tc xas Water Plan," of 

November 1968. 

At pre~~nt the Texas t~sluarit"s, including Sabine Lake, rt'cf'ivc an averagt' of 

26.;i million acrl'-fel'l of fresh walr-r from major tributary runoff. This has varif~d 

bdwt:en about 6.0 and 52.0 million aen·-fet•t dqwndin~ if th,· particular yt'ar 

was 1~x tr,~mt'ly wd or dry. t\lueh of this water must L1• corH,idned as part of 

T4~xas' waler rcquirt·m,~nt if the ecolobry of iLc; 1•stuaries is not lo ht· disrnpted. 

In iln pre:wnt form tlw Tt'xas Water Plan d,w~ providt· for ('onsidnablc 

amounL~ of fresh water for tlw ,•sluarics lo partially rcplacP that whieh will he 

diverted hy local upstream <lcvdopm(~nlti. In fact, about 2.45 million acr1•.fo1·t 

would ht• delivered to the estuari(•i,, each vcar. I will di:-cuss this aspt·ct of tht• 

Texas Wakr Plan later. First, however, 1 would like to acquaint you with th,· 

major foatures of tlu: Texas Water Syst~m. 

Virtually all of the infonnation and statistics 1 am pft'senting wm, obtaini•d 

from publications of the Texas Water Development Hoard and from records1 

report!-;, a111I publications of tht> Bunau of Reclamation, lJnited States Fish and 

Wildlifr Scrvict-, and Texas Parks and Wildlife Department (cf. General Source 

Rdcri~ncf:s, following 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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The latter has been incorporated virtually intact into tlw pla11 for th,, Tt>xas 
Water System. 

DESCRIPTION OF THE PROJECT 

I will not attempt to discuss inland areas which might be modified or 
influenced by the Texas Water System as this is not Lh<' purpoi--e of this 
symposium. Evrn so, I can at best discuss only som,· of tht' highlights of the 
TPxas Water System as it rdates to estuaric!i. It would take yPars of !iludy by a 
large group of specialists and many days of discussion lo 1ks1:rilw all of the 
ramificatiom; and impacts of this proposed 8)'.Sll'm on tin· Psluari,~s and tlu .. ir 
associati·d fo,h and wildlife rcsoun:1~s. 

Thi: com,tal area which would be influcnc1~d hy tlw Texas Waln System 
includes all of the <:stuarics, coastal lagoons, and brackish and salt marsh~s in 
Louisiana and Texas. They total about 9.6 million acres. 

Texas presently has existing or under construction 157 rcsf'rvoirs of 5,000 
acre-fret or larg(';r capacity; th" total combined conservation storage i:-; 28.6 
million acre-feet. The Texas Water Plan proprn..cs 67 additional major storage or 
n~gulating retW-rvoin; with const~rvatiu11 ~torage of :J2. l million acn~-feet. 
llunclrt•.d!i of miles of canal., and pipdincs would be required. Thi' adual lr:ngth 
of such conveyancw facilitiea is not known lu:camw final alignments are not 
<ldinih'. In any event, waters from t!ast Texas would have to be lifted 2,700 ff'et 
to the terminm, in the high plains. This would require about 5 million kilowatts 
of electrical energy annually for pumping. When fully operational, the Tt>xa.s 
Water Sy!itcm woul«I require almost 7 million kilowatt-hour~ of d,:drical energy 
rach yur, or 37 pcn~ent of the present generating capat:ity of the entire State. 
This drn·s not include thr ••nergy which would be required to pump Mississippi 
River waters to Texas. 

The physical facilities of reservoirs and convf'yance channds, pipeline, etc., 
('om prising the Texas Watt>,r System are groupt•d into ( I) the Trans.Texas 
Divi!,ion, (2) tlw Coa8tal Division, (3) the Eastnn Division, and (4) tht> Interstate 
i.: (F~- '>) ,Jyslt·m 1g • .., . 

Trans-Texas Division 

Th~· Trar1s•T1·xa:-: Division indud1'8 th1! storage and n·gulating reservoirs and 
inkn·omwdi11g rmuluits ancl pumping planl.8 in the northeast Texas river basins, 
lhe Tr.i.ns-Ti·xas Canal, and th1· lcmlinal reservoirs and watn distribution 
::,;y,-;tnns in w,•,.;t T,·xas. tlw 11anhandlc and ••astern New l\·lexieo. 

Tfw Trm1s-T1·x..i:.; I )h·isiou would supply water for all municipal, industrial, 
and irril,!illio11 rr·<p1irn11rnl.-.; i11 11orth1•a:-.l Tc•xas and the Dallas-Fort Worth art'a_ It 
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l,ar c

~un| rrdl

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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Figure 2. Schematic Diagram of the Texas Water Plan's .Major Facilities and the Texas 

E.stuaries. 

would ddivn water through lht· Tram,-Tcxas Canal to north central Texa~. the 

high plains, and easlt'm New 1\1,·xico and h)· pipdinc from thf' high plains to 

west Texas. 

\Valer lo be tram;porh·<l through th(' Trans-T.-xa.s Canal indudt·:..: 

U,e 

Municipal and lndu;;trial ... . 

Irrigation .............. . 

New Mrxicu ............ . 

()peraling Loss (Evaporation) 

Total .............. . 

%0,000 
7,584,000 
1,500,000 

947,000 

10,981,0001 

1 
About 8.4 million acrr-feet of this total would be 

!!Upplied from the Missi11Sippi 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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The Trans-Texas Division is far removed from the coa:-;t and could not be 
ex peeled to effect estuariei; directly except that it would carry consideral1lc 
volumes of waler which otherwi8c would reach the ,isluaries. 

The Eastern Division 

The Eastern Division includes the conveyance facilities, regulating reservoirs 
and pumping facilities in eastern Texas to move imported water from the 
Mississippi River north lo th,~ Trans-Texas Division and south to the Coastal 
Division as required. Since finaI decision has not been reached as to where 
imported waters (if any) would reach Texas, the plan for the Eastern Division 
remains flcxiLlc 1•.nou~h to accommodate either southern, norlhf'rn, or mid-stute 
ddivery. 

The Coastal Division 

The Coastal Division ts compris1'.d of the Coastal Canal with storage and 
regulating reservoirs, storage and conveyance facilities required to supply water 
lo the city of Houston, and divnsion, storage and conveyance facilities to supµly 
irrigalion waters lo the sou Lhwesl and Rio Gran de V allf'y. The Coastal Uivision 
would provide water for municipal and industrial use:,;, irrigation, the estuari,·s, 
and wildlife refugf$ a8 follows: 

Use 

Irrigation ...... , ....... . 
Municipal and Industrial ... . 
Bays and Estuaries ....... . 
Wildlife Refugr-.s ......... . 
Operating Loss (Evaporation) 

Total 

A ere-Feet Per Y car 

1,817,000 
518,000 

2,450,000 
60,000 

455,000 

5,300,000 1 

1 Uocs not include waler for Houston and San 
Antonio which can be provided from several soun·es. 

Ahout 4.1 milfo>n acre-frd of walt'r for tlu· Coastal Division would he 
supplied by the l\.lississippi Rivl'r. 

The Coastal Canal would paralld the coast from the Sabirn~ River of eastern 
Texas to the lower Rio Grande Valley, a distance of alHm t 400 miles. The 
aJig111nt•11L is similar to that proposed hy the Bureau of Reclamation for tlw 
Texas Basins Project. 



Tt!e Texas Water Pian and Its Effect on Estuaries 47

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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Th<' Coa.-;t1.d Canal would divnt :,;urplus walt'r from onh- thn·1• ri\'t·r ha:-ins 

along the (;ulf Coa,-t-tlw Sabirw and N1•dm'.i Rivns that riow into tlw :--ahi1w 

Lak1• t•i;tuary, arnl tlw Cuadalupc llivn that is a trihntarv to San Antonio Ray, 

Watt'r would not be dinrlt'd by thr Coastal Canal from. the· oth1·r major rin."r:,; 

which terminal(> in tlw ,·stuariPs. I nstt·ad, the walt-r of U\t'Sf' riv1•11-, whid 1 indud1· 

th(~ Trinity, Sau Jacinto, Brazos, Colorado, Lavaco anti Navidml, \li~"-ion, 

Aransa!; and Nw•cf's, would ht· developed, divt'rted and mwd hy lornl intt•r1•::-l.i- ~ 1 

tliat flows rt"aching the cstuarin, nom·thdt~s_., would be rrd,m·d in tpmntity and 

•1uality. 
Tht' Cua.-,tal Division through tlw Coa~tal Cunal woultl augnwnt fr1•:J1wakr 

flows to Calv,•.-;ton, l\lata~orda, Aransa,; and Corput-i Chrit'lti l'i;tuarit·s to 11artiall~ 

rq1lal't' local diversion.- anJ to San Antonio Bay to rq1h1<·,, (in part) dinrlt'tl 

proj,·d flows from tlw GuadaJupP Riv('f. 

The Interstate System 

The In lcrstate System includes lht' faciliti,·s :-111·h a:- ranali-, r1•gu la tinµ 

!:itntclur•~s, siphons, aml pump:; lo mov1• 12• I:{ million acrt•.f4•d of wat1•r l'ad1 

yt•ar from the l\.lississippi llivrr to Texas. 1\-lany rnult-s an• lwin~ 1·onsi1li-ri·1l hut 

final sdt~ction must await a dcfrrmination that ~urplu!:i wat1·r:- an· iml1•,·d pn·:-1·11t 

in the Mis...,issippi Rivrr for export. Studit's now an· mul,·r wa~· whid, should 

sdtk this <1uestion. In any ,~\Till, tlie roult' whid1 is n·n-ivinµ tlw most 11lh'nlio11 

i!:i 0111· which essential! y would follow tlw (; ul f I II lrat·oa:-;tal Wa trrw ay and 

intcnwd tilt' l\.1is...;;issippi River bt•low Nrw ( )rlt'an:-. 

Stages of Construction 

l'n·n":<p1isitc to t·oustniction of auy com'1·y.i11t:4• unit would havt- to Ill' tlu· 

aAAurance that out of Statr walc'r is availahlt- for T1•xas. Thi:-: i:- ahsolut1·ly 

cs."i1!11tial to avoid t·x1n·mlitur1• of hugt· sums of mo1wy only to 1·11!1 up with a dry 

ditd1. 
Aft1•r im11ortcd wal~r s11p11lics hav1· b1•4•11 a. .. surt·il, the 'l'1·xa:-- W.1ti·r lh·v1·l1111-

n w n l Board has I I ropost·d th al :-;dlf'd u It-:-; for :-;hu I)' , au tliori 1.,1 t io 11, 4k:-ign, a iul 

conslrudion of tlw T,·xas Watrr Syskm awl lnlt·r:..tat,· Splt'm pro1·1'1·d a ... 

follows: 

I. Feasibility studit·s compld1•d hy tht' nuJ of I 971 

2. Authorization for construction by mid-1974 

:t Funding: for design in lalt• 1974 

4. Compktc tlw drsign for tlU' Coastal Division in mid-197(1 

!"i. Complt~l1• the design for tlw Trans.Texas Divisior1 in mid- l 1J77 

6. Complete th1• drsi~n for the In tnsta le System in mid-1980 



Morning S<rlllor>

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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Timing of these development.<; would lw. rritit'al, partieularly for tlw high 
plains where ground water su1,plies for irrigation will bt· considaably redm·t>d by 
1985. 

Construction would start immediately aftn complt·tion of desihJJt so the first 
delivery of water through the Coastal Canal lo the Rio Grande Valley would 
occur in 1980; ddivcry of water from northeast Texas through the Trans-Texas 
Canal to the high plains would he achieved in I 985; and first delivery of 
MiS8issippi River water through the Coastal and Trans-Texas Canals would he 
expected in 1988. 

Cost 

The Tnou1 Water Plan is tl1c largt~st, most complex and costly water plan ever 
conceived. Estimated total ('oRt, rxc·lu~ivt• of local irrigation distribution systf'ms, 
based on L 967 prices, is ahou t $ IO billion. Local irrigation distribution systems 
would cost about $250-$300 per acrt•, The State portion of tht· <)Stimated $IO 
billion coi-l would be about $3 billion. At iW2 percent discount rate it would cost 
about $120 million in capital cm;ts to supply 2.45 million acre-feet of 
rq,la .. cment water lo th,· Texas t>stuarfos. This is about I.2 pt'rcent of the total 
co1,l of llH' T,•xai; Water Plan~a n~ul bargain. 

FISHERIES RESOURCES 

A significant 11art of the Unit,·d States commercial fishing industry is located 
in th1~ Gulf of \foxico region. From 19.50 lo 1968 th,~ rdatiye contribution of 
Culf landings to tlw total United Staks commt~rcial fisht>rit•,; harv,~sl rose from 
12 lo :JI pt~n:Pnl. The Gulf of Mexico in 1968 contributed 1.:-1 billion pounds of 
fish and .shell fii.h, worth $125 million lo the fo,henn an. Most of this harvest 
1'.onsii-l11d of S(ll'l'i1•s depcndrnl on t•stuariel-i, 

TIii' t:oaslal ar,·a lo lw inflm·uc1•d hy tlw Tt·xas Watn Plan (LouiHiana and 
T1•xm;) in 196H conlriLu ll'd 22 pncn1l of tlw total volume of 4.1 billion pounds 
of fish aml sh1'llfish (:aughl hy United St.alt~!-! fo1lll'm1en. This catch contrihul<'d 
1H prr(·t·nl of lhl' total income to our fo;hemten (Table ;1). 

Virtually tlw 1•11tin· <·akh from Louiniana and Tex$ i~ comprised of species 
dq11·11dc11t on t•i-;tuarii·s. Spt'l'il'l-i ro11trilmtinf!," lo this commercial harvest include 
tlw hrow11, whifr and 11i11k i.hrimps, mn1haden, spot, Atlantic croaker, striped 
mulld, lilad. 1ln1111 and rt·d drurn. All of lht·st· SJWeiei;; spawn in the Gulf of 
Mexico, hut th,·ir }'Ollll~ mov1• into dw 1~stuari1·s lo completf> their juvenile 
t,,rrowlh lwfor1• rd urning to tli1• 01•pa11. ( >tlil'r spt·cics which contribute signifi
cantly to tJw 1'.olllm ◄ ·rcial 1·ald1 of T1•xas and Louisiaua ar1· lht• American oyster, 
a 1wn11m11·nl r1·si1frnl of tlw 1·sl11ari1·s, ..uul tlw him· l'rah and spott1•d sea trout. 



The Texas Water Plan ar»ti lts Effect or! Estuaries

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.

The TaJ1.as Water Plan and Its Effect on Estuaries 

Both of tlw.:-1' s111·1·it•~ nonually :-pPnd most of their live~ in estuaries, but 

oc-ea:-.io11ally may v1·ntun· into the i,hallow, nt•ar-shon· waters of tlw Gulf. 

Without tht· estuarine nunwry hahilat, or :-uitahlt' estuarine conclitions, it is 

doubtful if any of th,·se ~pt•cies could survive in comnwrcial quantitie~. 

Table 3. Comparison of 1968 Commercial Fi!hery Catches from the 

Project Area (Louisiana and Texas) with Total f.atches from the 

Gulf of Mexico and from the United States (In Millions) 

1968 Commercial Catch 

Area of Capture 
V ol.umr Value to fii!h('nnen 

Pounds ' 
Alabama ....... , .............. , .......... 32.3 9.8 

Florida Wl"!;l Coast ...........•............. 103.8 22.1 

Missist;ippi ■ + ii- t f t t ~ ~ • 4 ■ • 4 • • I .. • • + ~ • t 4 t • • • • I 242.4 8.7 

Project Area Total • • • • t 4 • • • + • • .. • • • • • • ~ 4 ~ • • • 896.5 84.5 

(Louisiana) ........... , ................ (747.5) (40.6) 

(Texas) ..... , ......................... (149.0) (44.2) 

Total Gulf of Mexico • t • I • 4 • t 4 4 • p ,._ ~ .. • • • • • • 4 • 1,275.0 125.4 

Total United States ■ t + ~ • • I • t • • .+ I • • • ~ ~ • • 4 • • • 4,ll6. l 471.5 

Percent project area contributes to United States 

Total • • + • I t t I I • • T I + t I • • • • • • • • • • .. ■ t t ■ ~ • • 4 22% 18%, 

Source: Bureau of Commercial ft'isheries publication, "Fisheries of the Unitt"d 

States-1968," C.F.S. Nu. 5000. 

In addition to commercial fishing, most of tlwse samt' sp1Ti1·,; now support 

about 16 million man-dayR of 1oporl fishing in Louisiana and Tt'xas. Ir population 

projectioni,; are anywllt're rn•ar correct, Lh1· coastal proj1·d art'a (Louisiana and 

Texar-) will be called 011 to providt> mort· than 35 million man-days of sport 

fishing annually by 2020. 

Even though tht• l•roj<·cl an·a estuarii·s and marshes c(mtriLult' so much lo tlu· 

total Unil4'rl Stak,.; comnwr<'ial fish catch. tlu·ir potential to eontribult- mon· i'B, 

considerable. Many sp1·eics arc not now being harvestnl lo capat:ity and others 

are not caught at all. As the human populations incrcas1-, thrrc will be more and 

more demand for comntt'fcial fisheries products, as well as for more fish to 

support recreational fishing. It is ("ntirely possible Lhat the catch of estuarine

dependent srecies can he increase-d several-fold in Texas and Louisiana if the 

intC'grity of the estuaries and coastal marshes 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.
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PROJECT AREA ESTUARlES 

The Gulf of Mexico is richly eudowrd with 1•stuarics and nJa.-;tal mar!-!W.b. The most recent figures available indicate there an· 12.7 million acrf'S of Pi:.tuarif'S and coastal marsht·s in the five States bordering the Gulf of !\lexico. The ratio of tidal shoreline to marsh area of 0.54 is the grcatn,t of any roastal region in the United States. Two--thirds of our coastal marshes and more than 1/3 of our estuarine water area is located adjacent to the Gulf of \lexico. 1t is this b'emendous area of coastal marsh and shallow ,·stuari,·s that mak(·s the Gulf of Mexico so productive of fisherif~S rcsourc,·s. 
The comhined estuarinf ar~as of Louisiana and Texas (th,· proji·ct art'.a) include 4.8 million acres of estuari,·is and lagoons arul 4.5 million acn•is of coastal marsh. This represents about 68 percent of tlw entire t•stuarine aa1'a{!;r' of the Gulf of Mexico and almost 80 percent of its coast.al marshf'S. Even more sibmificanl, the projtct area contains 24,0 1wrcent of the total cstuarirn· ar~a and 55 pncent of du· coastal marshn, of the entire ,·,111tiguous United States. Stated another way, Lou iisian a and Tex as contain aim ost one-third of th c lo tal estuarine-coastal marsh comvlt·x of th<~ contiguous 4B States (Table 4). The (Jrojecl ar1·a esluaricfl un~ uniqtw also for another reason. Thq' arc 11xtrcmdy ishallow, bdng only a fi·w fod dPep, have very small tides of only one or two foc-t and, for lht~ mm;l part, an· rrlativel)' turbid naturally. This is lwcause 

Table 4. Comparieon of Manh and Estuarine Acreage i.n the 
Project Area (Louisiana and Texas) with that of the 
Gulf of Mexico and the Contiguous 48 States (Millions of Acres) 

Project Art:a 1 

Gulf of United Hahilal 

TotaJ Louisiana Trxru; Mexico Staks 

Co~lal Mall!hes .... .. 4.5 3.9 .6 5,7 8.2 El'ltuari~s and Lagoons. 4.8 3.4 J.4 7.0 20.1 

Total ..... , ..... 9.3 7.3 2.0 12,7 28.3 
1 llm·,- nol i11dudt• 350,000 at:rn1 of MIi-fiats in T•·x1u1. 
Sourt"I': Unir,'fl S,at,•1 and Gulf uf Merfoo from tht' F1·dnal Waln Pollution Co11trol Adminirdration 1/ii rt'porf on, "'Thi' National Esluarinl' Pollulion Sludy," of Novl".mber :1, 1969. 

l.ouuia1WJ from Lh,· Loui.'1.iana Wildlift> and Fishnit's Conunwiou's (~ulf of ,1exiro t:stuarinf' Inventory Fed('ral Aid 68-.109 ~tud~·. 

TP:mi from dat.i. dr111•lopNJ by the United Stall's J,'ish and Wildliff' S,·rvit:f' for !ht· Tnan B.uiin Pwjr-d. 
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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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of llw ~n·al \ul1111w,-; uf lrili11t;ir~ frt",-;\i v.alt•r n·ei'iwd which ,•,ury fiiH· !"{'(linwnL-, 

from llir uplattd,-;, \\ .itn:- nf tlil' c1·utrnl and we,-tcm Tt·xa:-; 1•,;tuari1·:-, howni•r, 

an· rc·lali\ t·I~ rlt-ar lu·(·au:--,· 111ud1 lt•:,;s tributary runoff otTur~. 

B,•c,rn;,;,· tlw proji'd an•a 1•,-;tuaric1- contain n·lati\'t•I~, small volume!- of water in 

rl'lation lo their ,-;urfac1· ar,·as and h,•t·aul:-1' Iida( 1·xchanµ:c is small UH'y an- \'t'f)" 

susc,•11tihl1· lo pollution and phy~ical Jl!Pration:- eau~f'd b~, man, including 

modification or rNluction of trihutarv fresh wafrr. 

Th•· projed ana t•f;luaries provide ,:;uitahle hahitat for mu:-t spcl'ies that 

l'011lribut1· to t·omnun:ial and ~port fislH'rir:-;. \la11y of thP~i• :--p,·cit•s r(•quirt· 

,;t,rn1•wl1al diff,·r,·111 ,·nvironnwntal nmdilion:-; during vurious :-.tage~ of th('ir 

di•vdo111n1·nt. Typical csluarirs in tl11· projt·cl an·a poss.•s:,; a wc-11-di·fim·d :-alinity 

gradi ,· n l lw I Wt't'n lwatJw at1·r and ti,fol pa:-s. Thl'~ th ut- ar•· chara,terizrd Ly a 

hroad i-pt'l'tmm of conditions a11d habitats throu/!hout which many !sp('Cit•s t·an 

h,, at·eommodatt-d, many of them siurnltam·m1sl). 

Thi• amount of fre:sh wakr dischargin~ iuto or r,·aching the t'i-tuaric:- cont.Toi:; 

tlws,· comlitions lo a v(•ry large PX frn t anti literally t'an ht~ C(msitlt•red dlt' life 

blood of tlw :-;yslt'rn. Without suffkit>nl fm,;J1 watn, hy1H•r:-;i1li1w conditions 

develop in r◄·brions of high t•vaporation, such a,- in southwl':-1 T,·xa:,,;, Thi' estuary 

then ht•com1•:,,; a hypnsaline t'o.astal lagoo11. Tlw La1,,'lrna \-1.adn· is sud1 a :,;ysl◄·m 

and Corpus Christi t•stuu1y· fn~que11tly exhihil-.: t-uch hypnsalim· l'haradnistics 

IH't:i.Hl:-it' its frcshwat1·r ist1ppli1•s arc being n-duct•1J Ly upstream d1·vdopmt'11t. 

K ,·duction of fn·sh water also has a 1irofo1111d «·ffi·ct on coastal marsh rs of thl' 

project .. m·a. !:,alinitics in coa:;tal Louisiana have L1·1·n irwn·asing durin~ rt·c,·nl 

d1•cadcs, cau:;ing a conversion of fo::-;h and Lrackish marsh to .;alt marsh with an 

accompanying accdcratcd rah' of marsh cro:;ion. Loui.;iarw uow i" loosing 

thousands of .tcres of marsh ,•ach y,·ar hy t>rosion. This has L1·1·11 Wi'll 

doc11nll'nl1·J by current ~tudi◄·s of tl1r Coastal Studirs lnt>litult' of Louisiana 

Stal<' University whrnw prdiminary figum,; indit'.al◄' Loui:-iana now j:,,; loosi11g 

through i-rosion more than 10,000 a◄.'fcii of co.1slal marsh l'ad1 )-t',U. 

Trihutary fresh walt'r also is 1-:,,scntial lo assist th1· c:-;l11ari1·s lo 11il11ll' and llush 

pollution into the ot·can. In addition, many ~pc·ci,·s di·p,·ml 011 luw,·n·d saliuity 

lo t·x c huk pri•da tors. P nh a p~ rn os t i m por tan t is Llw t triLu lary frn;h w a frr 

carrii·:- nu lri1•nh, cfori\'cd from land drainagP Io tlw ,·st uari1 •:,;. :\ utrin1 ts from the 

land then mix wilh minerals from tlw :-;Pa, lo n,·ult' 01u· of tlw mo:-;t naturally 

protludivc i'Hvironnwnhi in tlw world. 

FRESH WATER ANO THE ESTUARIES 

Tlw rq)()rt on llH' Texas Water l'lan all1·mpb lo tki,;l·rilw how much frl'sh 

water 1:ach of tlH' Tt"xa:-; l'i,,{uariPs will rnriv1• in tlll' future. Totals of tabular data 

imfo·ate that th1' i·st11ari1•s would n:r1·iv1' a,; much fn~sh waln in 50 years as tlwy 

do now. Thi~. hm-\11•v1·r, i:-; mi:-l1·adi11g aml not 1·orn·t·l lwcau,-t·: 



M<>rr>i»g Sess>or>

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>»,

..... 
Morning Session 

I. Tlw report ,locs nol con:sidn th1• amount of tril111tan fn·.-.h wakr that would ht• d(•vdo1w,I an<I div1·rlf•d h~ local i11!Pn·4s in rnariy of tlw major nvi•rs. 
2. Tiu· r1>port consider..- onl)' m1nai.;t'd flows, not tlw mini111u111:- or maximums. 
:L Thi• rqwrl includes n·tum llowic: (srwagc anti industrial wasl◄ •s), 1.ts part of the· lolal fresh water supply. 
4. llii.loric avnaµ:e volunws n·aching Corpus Christi cshrnry as 11:,;i•d in lht• rr11ort already huw lwcn much redu<'t'.tL Thi:- may lw a prohl1·111 for other 1·sl11arin1 a-. w,~11, ht•camw I:! }'t'.an, haw l'lap~wd sin<'(' tlw I 1H 1-l 9~7 period of rPcord u:-,·tl lo l'l-ilalilisb histori,· l,mi<' comlitiom,. ;,. Sahim· Lakt·, th,, ,•m;t1•rnm osl 1•1-t uary which rnTiv,•:- tlw laq!t':4 ,.:ol u mi· of tril111tary fr"sh walt~r, wm; nol iru:lmli·d in th1• r1·port. 

TIit' pl,m pro1wrly indudl'H din·ct rainfall on ,·aeh P!--luary all(! <·oastal or local draina~r a:-- part of UH• total fr1•shwafrr supply. 
Sud1 sup11li,•:;, how1·wr, r1•rnai11 n·lativt•h fix1•d. Tlw rainfall ca1111ol bl' t'apt 1m·,I anrl lol'al runoff cmm ol lw <lcv1·lopcd 1·co11omicaBy. Thi' ('iting of a1111ual avi•rag1· rai11fall and local ru11off voluml's, hownwr, only complit:alt·:- th,~ proltli-ms ai-;i.o,,iat1·d with ,·x tr,•nH"i)' dry y,·ars, wlwn little or no frt'sh watrr i& r1·1·1•ivrd from !-!Ud1 sour('cs, 
A rral prol,l1·111. hmH•v1-r, is "vidPnt wh,·11 w1· ('ousi,for tl1P volunH'S of trihutary fr,·sli wata r1·1·1·iv'"1l liy 1·ad1 t·sluary as oppos1•d lo the flows cxp1·1:kd i11 tlw l'ulun•. Ev,·11 with tlw 2.45 111illio1t m·n•-ft>d of fresh walf•r which lht> T1·xaf-i \Vatrr Sysfrm would ,kliv,·r, lh1· total amount:; rt·ac·hin~ dw t•stuarics would lw 11111..!1 r1·duc:1·d (Tali It· ;i). Thi• en tin w;il1•r rt•1p1in•nwnt -watrr supply pit'lur•• ,w,·ds lo lw .... tudi1·d in t·on.,.idnuhly gn·alt'r tldail. Fortunall'ly the Tna,,., W..ifrr D1•v,·loprnn1l Board j;, doiug ju:-l that. 
lli.;loril'ally. lll!' Tn .. as ,·sluari,•s r1·c·Pi\.'1· on tfw avt·ragc ahout :!(d,9 million w·n•-f1·1'1 of trihutary fn·sh walt'r i·at:h p·ar from major str<·ams (Tah!P 5). As lit1l1· as :-i.H 111illio11 acr1•-frrt, ho\\WVt'r, has UP1·11 n·ronl,·d ,luring un (·.xlr1·1111-.ly 111") yrar ,11111 us murh as S:2.:! 111illiu11 an1·-frd 1l11ri11g- a Hf}' WPI \i•ar. l\1orl' than lwlf of lhis :supply cfisdrnrges into tllt' Sahi11e l.al..1• 1•;;l1u.1r~ from tlw Sahinr ,11ul l\1·<·lw-. Hiv·1·1·s. Thu:., 1111 uu m·,·ragt> al,out l:!.:l millio11 acrt•-ff'd an· availahl1· for tlll' w-.1 of tlw Sl.1k'i. 1·sluari1· ..... l>urinµ: a dry p•ar ks:. than:! million arre-f1·1•t w, 111l1 I lw a, a ii al,J... 

I : 1t1ln :!0:!11 t'c indi I i1111:-. tlw Trx,1:-; W ah•r I )1·\·1•lo1111w11 I Board ,•sl ima lt·s th.1 l, 1111 llw ,u,·r.tl,!•' .ihout 11.0 million ,u·r1·-f1•1•l uf frpsh wah'r would lw availal1l1· for 1h,· 1· .... 111.irt1·:- w,·:-1 ,d ,i.;alti1w l.ak,· ,·arh ~Tar. TIH· vol111111•,- of wain whid1 wou 11I lw dn·dopl'II anti divi·rlnl liy local int1•r,·sb, l1ow1•vrr, liav1· not b,·1·11 1frduct,·,I from !Iii.-. a11101111I. Tlw I I.fl milliou ai-ri·-frd fi1-'lm· cit w:-- irH"liull' diri·d raiu foll 1111 llw 1•st1wric·:-- ;Utd lorn! runoff liu I dot•.~ nol irwludi· wakr to 111· ;.;upplir<l II\ 1111' Tn,1:-- \\;11t'r ."\ ... lt-111. 
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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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Tahir 5. Projrcled Ch.mges in Estimated Average Annual l\lajor Tributary 

Fresh Walt-r Flow to the Tt•xas Estuaries (Millions of Acre-Fet>l) 

lli:-torit- 2020 with Texas Wah·r 
2010 with Loral 

btuaril's A Vt'ra1£f' Sp;tem but not local 
Divn~ion only: dol":-

( 1941-57) Dh·ersions I 
not i11cludt· Texas 

Wah'r Systrm 

Sabim· Lakr • • • • I • ~ 
14.36 8.99 ( 0) 10.95 

Galwslon Bay. , .... 9.07 6.60 ( I.SO) 5.14 

East Matagorda lfay .20 .20 ( 0) .20 

l\fatagorda Hay • 4 .. ~ -
.68 .67 ( .:\0) ,50 

San Antonio Uav ... 1.5:i .70 ( .10) 1.08 

Aran;;;.1.~ Hay I••••• I .23 .47 ( .15) .15 

Corpus Christi Hay .. .60 A7 ( .20) .26 

Total 26.69 18.10 (2.45) 18.28 

Note: Figures do not includ1· dir1•ct rainfall on t'!>tuarit•s, local runoff, or rl'turn 

flows. 
1 lndudes water proposed for drlivery by the Tnas Watrr Systl'm (also shown in 

parcn thesis). 

Source: Historic and 2010 witl1 Local Ditiersion OnJy from the Bureau of 

llt'damation and from tlw publil'ation, "Thi· T rxas Bal-iirn, Project," by 

Charles IL Chapman, in Spt'cial Publit,alion No. 3. 1966, by tlw Amf'rican 

Fisheries Society. 

2020 with Tt•xas Water Sy,,tem but 1101 Local l>i,,ersions from the Tcxa.-. 

Water Development Board rt'port, "The Texas Water Plan," of Novcmbrr 

1968. 

Direct rainfall would avt-rag1· about :1.4 million acn·-frd and lorn! runoff an 

estimated l.3 million acrc-fct'l. Therefore about (i/l million aen•-frd of 

trilmlary runoff, exclusive of local divt•rt-;ion:,; woul<l lw n·{Tiv1·d. TriLutary fn-:,;h 

water thus wouM be cut in half. The T1•xas Wat1·r System, h<lwcver, wou!J 

deliver 2.4.5 million acrc-frd of wakr to tlwsc t•~Luari1·s. Tliu:,;, almo:,;t 9.0 

million acre-feel ( exdusivt• of lo(:al iliHr:,;ion, din•t't rainfall, and lrn:al runofl) 

might b(• ex peck<l. The st.', lwwt~vcr, ,m~ awragi· flow figures. How much fn-:-h 

wal1·r would ht· n·cciwd i11 a dry yi·ar'. Obviously mut'h kss. It appi·arci that local 

diversion will prt':srnt Lhc mosl critiral problem. 

Thi: Bureau of Ht•damation during ib stu<ly of tlw Texas Basin Proji·ct did 

<lf'vdop an 1·slimalt- of tilt' volumt· of wakr whil'h might lw divt~rkd by lneal 

inlcn·sts. I wottld lih lo cxplon· tht-'st· 1:stimatcs for a rnoml'nl. Exdusivl' of 

Sahint· Lake, local inlPrcsls might (kvdop and ilivnt ahout 5 million atrc-foet or 

about 40 1wrccnt of the stream flow on the avPrage that now reaches tlw 

estuaries (Table 5). During: a dry year only 500 thousand acre-fed would remain. 



Ivlornir>g S<>ssi on

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

54 Morning Session 

l do not know how much of this estimati·d lorn! dn i·lopnw11t ha:,; li('1•11 
included in tht· Texas Wah·r Plan: therdon·, it is impos:-;ilili· to 111101•· a truly 
reliable futurr fihrun·. S,•vpraJ v◄ ·ry important 1·ondusio11.-., hown·Tr, can lw 
drawn. During rx lremdy dry years, the only finn so1m·1· of fresh wakr for thf' 
T◄·xm; c~tuarics woul1J IH' from th1· 'frxas Wakr SyRkm. Durin!!: dry y('ari,; Lhc 

'f 1·xru1 estnari~s would rec,:ive as much .;ewag1• and industrial waste ,L'- thq' ,•iould 
frc!-ih waler. Even during years of normal runoff thP total supply of tributary 
fresh water to the Texas f'8lt1ari1·s would Le much n1rtai1Pd. 

WHAT THE TEXAS WATER PLAN WOULD NOT DO 

Tlw TPxa)'. W.ikr Plan provic11•s walf>r for municipal and inrln!-itrial mws. 
irriµ:atcd ~riculturc, mining, navigation and tlw csluari,·s. Tlw plan also 
incor1)0ralc8 no0tl control hcnPfits, salinity 1·011lrol projects, and guaranlt~f's 

water for com,tal wildlifo n·fug1-s. Tlw Tcx.u; Water Plan is d1•saib1·d m, a lkxihlc 

g11id1• for tJw <lt·wlopnwnl of wafrr rt•sourcPs of lht· State. The statrd goal is to 
1 ►rovidr in tlw mrn;t dfr1•tiv1· and ;•1·011omil' maurwr till' wal1•r suppli('s and otlwr 
lwnl'fils J\t'CPSsary lo nwt'l tlw IH'('ds of T,·xa.-; for all pt1f]lOst·s lhroughout tht~ 
St.tlP ai; tlw population grows and tlu~ 1·cor1omy 1·x parult:i. The Tt~xm, Wakr Plan, 
liow1•v1•r, drn·I'- 11ol proviil,· for tl11• onforly th•v1•lo1mlt'nl and managt'mi•nl of all 
of the St1.1h' \, wat1•r n•souri·,is. \'lost of LIit' ri,·ns whid1 cfo,charg(' into tlw 
r!-il uuriPs woultl 1111l lH' im· lmJt>1I in tlw T(' xas Water Plan, al lt·ast in tllt'ir low er 
n·,tdws, ln:-katl. tlwir waler i<up11lit•[o! would lw cl1·vdop,·d pi1·c1:nwal Ly local 
i11t1·rt·sts with Jilli(• or 110 rt·ganl for fi;tuariru· rt~quirC"mmb. The T1·x.:1s \\/ater 
Plan woultl rrplm·1· in part i,;uch divt'rted supplii·s witb wakr of diff◄-'rcnt quality 
and claim a project hrrwfit for doing so. Furthl'r, water for the 1·stuari1·s lo lw 
d,·livncd lty tlw Tnas Waln Systrm would c<1m1! from tlw \li.ssissippi Hivl'r. If 
w.alt-r from tht· MiAAissippi Hivn 1:annol lU' obtained, lht~ll what'( 

Tlw T1·xas Water Plan objecLiv1· is lo provide wat1•r for a 1,,rrowing populace 
m 1d ,·x ,,arnlin{-!: ,•conomy; u populaci- and Pconomy that ar1• b'l"owing much faster 
tha11 th,· national average, Tlw plan, itsdf, by providing water that is not 
Jv.iilal,h· 110w, will ,·ontrihut,· a111I l'Ontrol to a larg,• dt'b'Tt'P how long this pniod 
of .tndrralt-d 1-,rrowth will nmli11111· in Ti·xw,; and when· it will occur. This is an 
,•xn-11,·nt 1•,.1111plt· of .i wat,·r 1lt·vi·lopmn1l projl'd that, for tlw most part, is not 
111•1·1lt·il at tliis tinll', 1ml is dqu•ml1•nt on futun• growth that could not takt- 11lact:~ 
if tlw 1,roj1·d wnP not lmilt. Tu •11wt1· Ur. Daniel Willard of the Univen;ity of 
TPxns, "I 11 short, th j:,; :-;orl of thiuking j:,; a 1.: las11ic ,·x am plr of camw and cff ect 
rnwrsal. \V,· :-;houl1l lw thinkinl! 111or1• of i1wn·asing the ({uality of living rather 
tlrnn Liu• tJtumtity of livi11g. '' 

A 11d a ft,·r :!O!!O w ha r~ W alt'r ,m ppliP~ will lw totally ('ommitted and imported 
supplit·s \\ run~ dr~. Will Tn.as · hoo111i11g ,·1·011or11y .inJ population growth then 
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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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~low dmrn and .-;tahili,,c·~ Tht• T•·xas Waln Plan drn·s not com,ider tht' i,u-vilahle 
that ~onH· d.n this will lwp1w11. 

Tliou/!h llw Tt•,a:- Water Plan would provide waler for more than 30 million 
peo pk, i l::- prin· taµ: of $ 10 hill ion dot's not include the COt,;l of providing 
rt'.1'rP.ation for tlwsr rnas~•s, particularly t·oa.-;tal recreation. Why not'~ The 1wt>d 
for n·cn·ation is dirt'ctly rt>lat.-.d to the increases in population which the plan 
would mak,, possil,k. Can you imagine the impact of 7 milliou pt>oplt· iu tlw 
Greatn IIouslon area·~ Thert' just will not lH' ,·rmuµ;h coa::-tal rt•cn·ation i-pact• 
availahl1•, ,..;lll'h urbanized t't•nh'rs net·d lo lw spn~ad out, d1•c1•ntraliz1·d to smaller 
uniti-, if tlwn· is lo Lt> a coastal t·nvironnwnl ldt lo support fish and wiltllif,, and 
r1•crea tion 1u•c·<ls. 

The Tnas \Vatn Plan coul1l. in part, plan for su(·h a distrihution--bul it do,·s 
not. The Plan would providl' tlw 111·c,·ssary watn for mort" than ;-m million 
pcopl,, and it tlrn·s acknowledge the: growing problem of pro\-·iding walt·r for th" 
csluarif·s, but it docs not pla11 for tht' t'nvironm,·ntal irnpad of 20 millio11 mon· 
people in Texas. lt docs not considn t.lw t~nvironmcntal impad on (; alvrstou 
Bay of 7 million people in tlw ~Tfcatcr Houston complex, or of mort• than I 
million people in Corpus Christi on Corpus Christi Bay, or of mon· tlrnn 
million 1woplc in Port Arthur and Bt'aum(ml on Sabine Lah. 

T!w Plan dlws acknowk<lgt.' tl1at 30.5 million pcoplt•, with a~sol'iat1•d 
industrial complexes (which tlw walt-r will provide for), will g1·11t•ralt' mort' than 
6.0 million acre-feet of sewage and industrial waste, much of it to lH' (lisdiarg1•tl 
into the estuaries. The Pl.an docs discuss the nec<l to lnal thc:-e poll11ta11ts hut 
docs not includt· a comprehensive program, or funds to do so. 

The space requirement alone for the milliom of pcoplt: projt'cted for tht· 
coastal areai-\ would l.w a major disrupting factor on Sabine Lake, Calvi·ston 1:fa). 
and Corpus Christi Bay. Add the tremendous amount of :,;1•w aµ;i- and imlustrial 
wastes to Le gennati·d Ly these million:'i aml tlw lkslruclion of thnw t·i-luarii·s is 
virtually guaranlcf'd. TlH' Texas Water Plan doe, not considi·r or prn,,id,· for su('h 
a cr1s1s. 

What dse docs tlw Texaic; Wala Plan not do·: It does not cnn:-;idn th1· impad 
on the Louisiana 1·sluarics of divcrti11g: l\fo,sissippi llivPr wakrs lo T nas. Tnw, 
this problt!m is being studi,·d hy snnal a/!l'IH'ie:- lrnl this <lo1•:,; not guaranl•·t· u 
solution. It ii-> certain, hown-er, tlrnt if tlw Louisiana marshl'.,; and n~tuari<'i- are 
further dcpriwd of fresh waln marsh dt·~trm:tion will ac(Tlt'rate. As th<' mari-hrs 
arc destroyed the productivcnt'ss of I.he C!-luarii!S 1.kclin1•s, which posn, a dirt·d 
thr◄~at lo de1wmknt fishery rt·sour<'1's, Loth sport anJ commercial. l\1(•rdy 
dumpin~ millions of acre-feel of water into the 4•stuarics of Loui.siana and Te,-a..; 
might not work; the Plan docs not provide for !>uch an t'\'('ntuality, or thi· 
alternative decisions thal would be r1·quin·d. 

Fortunatdy, the Texa<; Water Plan does not ignore the Texas c~tuaries. This is 
much to the credit of the pt~oplc who plannrd it, and it must Le considered a 
triumph of sorts. The Plan, however, docs 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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development by local inkrcsts or the water rr.sourc1::,; nf many of the State's 

major riven; i8 now c:rnsing and will continue to cause severe degradation of Lhe 

csluarit'.S. Total planning and management of all of th,• Stat,·\; water rPsourccs is 

essential if tht~ estuaries arc to sun,ivc. I l' the Tex us l'Kluarics contim11· to he 

allercrl, polluted, and <lepriv,:d of trihutary fresh walt·r, the fishery r1·source:,; 

they harbor will be <l1·~lrop~d a11d the recreation they provide will be lost. Th◄: 

Texas \Vatn I )f'vdoprnent Hoard is now n:studying the Plan to improve it. 

llopcf ully, the revision will provide total planning to assu n~ that the estuaries 

receive sufficient high quality walt•r. 

CONCLUSION 

The T,~xas Water Plan acknowkdges that many problems remain and must he 

solved. Particularly, th,: Plan n~cognizcs the need to learn mur◄• alioul tlw 

1•.sluari1·s and cstuariJw fresh water rcquirnncn ls. 

1 would like lo quote from tlw Tnas Water Plan Summary prcpar<'d by the 

T1~xas Water Oi~wloprnent Board, viz: 

"The Boanl is aware of an impact from changf's i11 volumes of walf'f from 

streams cnlcrin~ the Lays rrsulting from upRlream reservoir dcvdopmcnt 

and waler utilization, r.nntinually incrcasin~ return flows, and changing 

conditions of surrounding land d1'.v<·lopnwnl on water ◄ p1ality in the hap 

and estuaries along lh<' Tt·xas (: ulf Coast. 

"Tlw Peon om ic urgency for finding mcaningfu I :,;olu lion tu tht'sc 

pro hie ms is rkm onslratcd Ly th,· increasing value of commercial and sports 

fishing in the csluarial rnviromnent, now rstimatrd al rnon' than $150 

million a11nuaHy, more than 99 percent of which is df'rind from the catch 

of species dependent on Lhc estuarine environmt·nt at sum,• poi11 t in th,,ir 

lifP cydc. The n·latrd nonomic return lo the State from Tourism 

attracted Lo Lhc Lay areas ii- 1·slimated at S:300 million annually. All of this 

l:an Le lost lo Llw Statf', if som1: solution for preserving the ecology and 

aesthetic quality of Lhr hays is not found." 

l beliPvc the Texas Wakr l>f'vdopmcnl Hoard has staled the problem very 

well. 

Tlw Stak of Texas took a big step forward this pa!sl year by establishing by 

law an lnlcragcney Natural H~sourccs Council. The Council is d1argt·d with 

developing a Comprehensive Coastal ltcsourns Plan lo provide for the 

management and development of t}w human and natural resources of Lhc 

urbanizing Texas Gulf Coast Region. The Covernor's Officl' will provide program 

coordination to mesh the activities of eight Stah' agc11ci1•~ dealing with estuarine 

activitiPs into a single united effort through the lnteragcncy Natural lll'sourccs 

Council. 
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STRIPED BASS AND WATER

DEVELOPMENT IN THE

SACRAMENTO-SAN JOAQUIN

ESTUARY

Harold k. Chadwick

Catifnrnia Department nf Fish and C'amc
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 
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Anadromous fo.Jwri,~s rei,;ourc1·s in California an· affectf'd diri~~tly hy 

ecological changt:s in rivf'rs and Pi;tuarici; as a result of watPr d1·vclopmcnl. The 

intent of this paper is lo illuslral(• how waler dcvf•lopm ◄ ·11l afff•1·L'-i fishcriPs 

resources in the Sacrammlo-San Joaquin estuary hy dn,crihing: the dfect of 

wate:r df'vdopmcnl on ecological rcquin~mcnts of striped Lass. Prograrm; lo 

alleviate polenlial adverse effect-. arl' ah,o diKCU&'wd. 
The discussion ii- limited to cff(';d:-- associated with water sloral,!e and 

distrihution. Effects of pollution, dredging and filling an'. important !mt ,m' 

excluded from the discussion. 

Stri1 . .1ed hmss an· strictly sport fi,-h in f:alifornia, now, and they support the 

most valtrnhlP fishPry in the Sat. ·imcnlo~San Joaquin t•t,luary. It has b,·1·11 

predicted that the net cconomi,· V, '; w of the sport fishny i11 1970 will b1) abou l 

7.5 million dollars (Allourn:y d al. I ()()(1). 

Annual harvest rntc!i during; the pa,-,L IO yi~ars have varie1l from about ) 5 lo :is 
percent of the adult populatiou (Chadwiek, 196B and 1111pulilif,l11~d data), Thi:-; ii; 

well within safe limits, :-;o llw primary resource mainLPnancP prohli·rn is 

environ men Lal prot,~ction. 

WATER DEVELOPMENT PROGRAMS 

One major threat lo suilahh· e11viro11mcnlal condition:,; jp. walt~r ckvdoprncnl. 

Moi,;l of California ii,; semi-arid or arid, and annual rainfall i:-; much h,rcakr in th,· 
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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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11orlh than in the south. As a result, virtually all agricultun• depends on 
irrigation, and much water must he <l1:vdopt>d for municipal and industrial Util', 
ru; wdl. H.escrvoirs Lhroughoul Lhf· Stale store water for all uses, and waln is 
commonly lram;portf'd hundreds of miles from its point of origin to Lht· place 
where it is used. The vast water d•wdopment projects constnictcd lo i-upply 
water needs have often affected ecological conditions drastically. 

Portions of the two largest projects, the Federal Central Valley Project and 
thf' State Water Project, are having a major impact on the Sacramf'nlo-San 
Joaquin estuary. Both projects transport watn from norlht·m California to tlw 
Sun ,loa(1uin Valley, and thf' Stak projed will also transport water lo the Los 
Angeles-San Diego arra (Fig. l). 

The present operation of both projects consist.s basically of releasing stored 
water down the Sacramento Rivn, moving it by gravity flow across th1• 
Sacramn,to-San Jouquin Delta, and pumping it into canals at the southwt'sl 
corrwr of the Delta, Because of thi~ Lasic similarity, the t'ffocts of the two 
projects cannot lll' iwparak,l. 

The projects affect ecological conditions in the estuary in two basic ways. 
One is liy the transport of large amou II ls of waler across the Ud la. This 1:awws 
high◄-r than normal rates of flow in many IJl"lta channels, causes water to move 
in a rwt upstream direction in sonw channels, and causes the waler in the San 
Joatpiin portion of thf' 01'lta to be largely Sacramento rather than San Ju.u1uin 
walfr. 

The 8f'COmJ basic dfoct is lo reduct' a[l(l redistribute seasonally the waln 
flows out of thl' Delta toward th,· Pacific Ocean. Ri"duced outflow incn~asl's 
both retention lime in the system and intrusion of ocPan salinity. Because of 
flow redistribution, late summer minimum nows will Le aLout the sam(' or 
slightly greater than historical flows. These minimum flows, however, will exist 
for longer and longer p•~riods as cxporb increase. Jl1·nce, maximum ~linily 
intrusiou will be about the same, but the whok syt-lcm will become morr- stable. 

Both of tlwse effects are most important i11 the ea~tcrn portion of thf' 
estuary, hecausf' tidal flows far exceed freshwafrr nows i11 tlw western 1·stuary. 
This genl'ralization may change 30 lo 50 y1·ars from now, wlwn water 
d1~velopment programs reach lhe point wlwn· flows can he controlled year-round 
in dry years. 

Past and predicted future d1anges in water tlows indicate lllf' degree of 
change which is occurring and thP rdatiw import.met· of upstream and export 
development programs. The historic m,~dian Della outflow was about 29 million 
acre-feet .. 111,mally. The present mNlian outflow it.-i about 15 million acrf'-ff'cl, and 
this is expected to dt·1:n~asc Lo ahoul 5.5 million acr◄ ·-fet·l hy 1990 (FWPCA, 
1967). Current exports an~ about ;3.7 million acre-feet annually, a11d tl1ey an· 
expected to increase to about 10 million acre-fed by 1990 (Kaisrr EngirwerF-, 
1969). Thus, most past development is due to upf-trram use aml diversion and to 
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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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Figure 2 

us1· 111 Liu· I l,·lta, whilc· most futun· ,kvdopmenl will lw exports from lht> Delta 
(F..,. '') •~- ... 
Bl LOGICAL EFFECTS 

Cross Delta Transport Problems 

Strip,·d b.i:.:.s c·ggt-: and lan-·m· are 1wla~i1:. l\lilliom: of them arc carri1.:d to Llw 
,•_·q,orl pumps l1y tlw w alt'r flowing across tlw Delta and are ptm1pcd inlu tht' 
eanal.'- ( Fig. :i). With lhe pn·st·nl pbn of operntior1 and increasing exports, over 

.'iO pnn·11 L of the q.;gi:; and larvae could be lrn;t in this way (Delta Fish and 
Wildlift. Prokctior1 Study, 1964). 
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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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Tlw 111 t,1k,· 1·.111.ils to th,• 1111rnps liav1· lotnwr :-wn•r11:,; whid1 an· n·aso1iahly dfrrtiH in rrmo\'ing fo.:11 l.irJ!•' Pnough lo :-wim w,·11. llownn. ahout IO lo 50 pn,·1·111 of tlw hw,,i-. 1/:! lo 1-1/2 indll's lt111µ: an• still lost. To ~i\'1' ,111 i11dic..1tion of tl11• 111,tJ!:Uitiul ◄• of tliii. problem, an ,·slimal•·tl 41 million hai-s, mostly lc.-:s than 2 i11dw1i 1011µ;, wcr,· sa\wil at tlw Bur◄ •;.rn of H1•damati1111 sa,•cns in 1966. I ,rn;si·s in otlu·r y1·ar.- hav,· lw,•11 smaller. 
,\ .s1·1·orul prnhlPru an•,1 alYiociakd w itli ('to:-:,; Delta transport is a n·tludion in z11011li.111k. 1011 allCI lwuthos JIOfllllations i11 D,•ltn d1a11nd!-i. Tlws1· rt•dudion,,; 11r1·.-.umahly O'!itih from 1li~1wri;al of zooplank.ton and 1111favorai1l1· bottom ,·011tlitio11" n.1111,1•,l hy llw liiµ:h 11t'L flow:,;. 
·\ fmal un·,1 of ◄ ·0111·,·rn is r,·latt-d to tlw d11w11:-lr1·am 111i~r.atio11 of .11l11lts aft,T .-.p,m11i11~. Tl11· npurl nmuli. ar1· for fro111 tlw major 111igralio11 pathway:-;. Small 11111111..-rs of a1l11lt lut~ 110\.\1 firnl lht·ir Wi.1\ to llu· lrai;h r.wks m·rosi,; t)w eanal i11l.1k.1·s ,111(1 fij.!ltl llw t'Urrt•nl 11ntil th,·y 1li1• of 1·xl1aw,tio11. Ai-, tl11· llow:-. toward tlw 1•11111pi- 11wn·11:-.◄·, w•· ,ir◄• 1·ouc·nrw1) tlial LIii:-. loH!i may lwnmw i;1•riou:;, The n, !1·111 of this lrn,.s will 1frp1•rnl 011 tfll' i111porl.ui1·1· of tlw tlirrdio11 of wain How i11 i:uid i 11~ 11111,!ril I io11:-.. This i ... 1101 k. 1111w 11. 

Reduced Flow 

Tlw lcH",11 iu11 ol slriprd li.1,-,. -.1i.m· 11i11g i11 1111' S,111 Joa'lui11 H iHr i:-. n·lilririt'(J lo a ,-111.1II s1·1· I in ri, ;1p11.m·11t h . prin1 ;1ril~ h, s,1!111 it y 1·011d i lion:-.. Has.-. ~·ldom i,;paw n 
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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.
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fart I tt T i Ii,\\ 11:-l n·am than w hnt· Lhi· t-.1li11i t y is uhou I 600 ppm Tl l.S. ~\ ho,·1• th is, 
saliniti,·:- full lo about 150 tn 200 1•pm TD.S lwcm1s1' of Saumnt'nlo Rivl'r waler 
m ov i1w aero:-:- I lw I )dta. Li 11:-.ln·am, salin i l \" innPaM·s aJTain in dn , ,·ur:-, lwt·au~1· r . I" •• 

of low quality wakr coming down tlw San J omp1i11 River. Bal'>!-- gt•rwrally rdm,w lo 

con ti nrn· Ill oving II psi n·am beyond IIH· poin l where sal i11 it~- rl'adws al1ou t 350 
ppm TDS (lladth and Turtll'r, 1967). Lal,oratory studic:- iudicati• 110 ,ulwr:-;e 
efft•cb; of sali11ity on rgg survival up Lo about 1,000 ppm TDS (Turnn and 

Farh•y, l\ b), so th is is a p par,· n ti y a Leh av ior al characteristic. l'roliab I y, a larg(!r 
and largn pernntag1• of the ba,-s population has spawiwd in Utt• Saeranu.·nlo 

Rinr as San Jomp1in Riv('f wah'r quality has dch•riorakd. The spawning: ar£'a 
would pr<",-umahly h<" rcduct•d furtlwr liy co11ti1111t•d rcdudiuns in llow. 

A second prohlcm area rl'lat('d lo flows throul,!h th1· Ddta is that from l 959 
through l 968 the number of young basi,; surviving in mi,humnwr has bPi·n 

directly correlated with wafrr flow,; (Turrwr and Chadwick, l\·1s). The n1m•fa lion 

codficient is 0.95 for tlH' rf'lationship lwtwei~n tlw numher of La~-; survi"·ing 
when their mr-an length is 1.5 inches and th(~ meau .I 111w-J uly outtlow from th1• 
Delta. While this high correlation coefficient obviously imlil'alt-s that some 
paramdcr n~Iated lo flow is controlling survival, we cannot idcntif y this 
parameter. The rrlationship is so striking thougl1 that it has probably 1:reatcd 
mon~ concern than any oth,·r factor, llt~nc1•, I will n:vi,·w i:;otnf' of th1· 1•os..,;iblt
mcchanisms. 

This relationship may n·flcct lo~-.1~s in wakr ,livt·rsions from tlu· D,·lta, 
because a higher p1•recntal,!c' of water is div1:rtcd wht·n flow,- arc low. The 
corrPlation codficicnl for the n·latiouship hdw1~Pn Lht' 1u·rc,~11taµ;t> of inflowing 
waler diverted and bass sur,,ival is about the same as th1· outflow-:-mrvival 

correlation. However, foJ1 distribution patterns we haw observ,•d early in som(' 
seasons indicate that this is probably not the primary mechanism. 

The other potential m1~cha11isms wbich haw been idt•ntified all involvr direct 
effects of flows on the Delta environml'nl. The mo:;l ohvious JH)t('ntial 
mechanism of this type is the effect of drnsity on survival. In low flow years, 
young bass occur farLlwr up:-trram than they do in high flow y,·an,; (Chadwick., 
1964). Be-ca use waler vo I u nw dee rcasi·s rapid I y as o rw pron·,·ds II p,; lrt·am , 
density-dependent mortality could 1:aust~ low1·r survi\.·al. llowi·wr, 11'-nsily in tht· 
central portion of the Lass• range• ir,; grcalt'8t wh1·11 flows an· high, indi1·ating that 

this is not an important factor. 
A second pn ten tia I m ec ha nism is food µrod uc t ion. Rcc1: n l in formal ion 011 

zooplanklon standing crop:: in the Sacranwnlo-Sa11 Jua1p1in estuary indicalc,.. 

lhal th1!y arc ncgativdy rdafrd lo wati·r llows. Whilt· thi~ 1wgativc rrlaliom,hip 
may reflect the dfoeb of hrrazinge by young Lass rather than diffPrt·uc1'!-i in 
production, relationships bdwc1~n zooplanklon aLundancr and net flows an<l 
nutrients within tlw Uclta (Turner, I 966) make this improhahlc. Ilene,~, 
zooplankton production is ,mlikely tu explain ha&; sunrival. 
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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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A mon• probable food supply n·lationship concerns Llw opossum shrimp, 

NP.omysi.~ awatschensis. Th" cvidcnn indicating this is that Neomysis distribu

tion largely coincides with that of young bass, and the f.ilomarhs of larval bass 

contain morf' shrimp in high flow y1~ars than in low flow years (Skv1•w-, 

unp11hli8hc1l data). 

Another factor which may lw involved in the relationship is thal Labs spaw11 

l.tler wlwn waler flows are high than they do when flows an• low. This app1•an

to hr quite :-;ignificanl because in all years when we have mf'a:::ured f-nrvival of 

larval has,; during the spring, survival has hci•n poor until latr: spring (Sfrvcn,r, 

unpublished data). Thii- could hr another indiealion that food i!'.'l important ~ince 

invertebrate food supplies generally increase during the spring. 

At any rate, the comhirwd dfects of spawning time and Neomysis aLundanu· 

appear to be thr most promising ex planalions al thr moment for the 

flow-survival relationship. 

An important consideration regarding the potfmtial importance of tlw 

relationship controlling the sunriva1 of young bass is that the recruitment of 

adults to the population may not lw directly related to th,· early survival of 

young. While evident,• relative to this is very inadrqnak, thr available evid,·nn· 

suggests that rccruilrrwnt of year classes from tlw early 1960\ was in fad not 

related to early survival. 

A final problem related lo reduc,·d flows j.-, that they may can~e n·duced 

turbidity in the f uturc on occasions wh1·n minimum flows occur for a Ion/! tiin,· 

(Krone, 1966). This is of concern for several r1•a1-,011s. Fin;l, light ptndration into 

the water is the primary factor limiting algal growth now, and nutrient 

cone en Lralions an· rdatively high, so a potential exists for cxcessivc algaP 

blooms. This could, of course, lead to oxygen depletion. In addition, turhidity 

probably provides th,: primary shelter for young fo,h now, and light limits th,· 

distribution of Ncomysis, tlw primary food of young bass and many other fishe!-:;, 

so that rNluced turbidity may ,lecrease young fish survival. 

THE PROPOSED SOLUTION 

A pm;sihle solution would lw lo eliminate waler exports, and thcrdly providl' 

sufficient outflow. Considering the I 8-ycar history of wakr exporb, the dcgn•1• 

of prf'P.ent constmction probrrams and contract commilrrwnts, and waft'r nerds, I 

bdicvc this solution ii,; vulitically impossibk 

lf export is to contintH':, an t'lcmcnt of an acceplahle solution muHl lie the 

elimination of cross Delta flows, since many ddrimental pffrcb are associatc,I 

with them. This could be accomplishPd cilllf'r by additio11al lew1· conslruelioll 

to isolate a pathway of natural Delta channels from th(' rt'maining d1an11ds or hy 

ex tending the: export canals around the Delta, so that the point of diversion is 011 

U1c Sacramento River abov1· tht' 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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Tlw L.1ttn ,1pproad1 i:- prcfrrnhl1·. from a liiolo~it·.11 :--tanclpoin I, lw1·.111:--,· it 

av~iid-. 1·lim inati11/,!' a f<iµnifi\'.ml porlio11 of lilt' prt·:--,·ttt I>c·ha, ,1ml lw1·,111:--1' it 

pr<wi1k,- a11 opportunit~ In 1·011trol flow:-- mor,· d'fil'i1•11tl~. Thi:,; pr•·mi:--1· lrn:- L1•rn 

a('<'Ppti•d I,~ l,iolo/,!'i:,;t:,; and 1·11~i111•c·r:-- and ha:,; b1•t·n lt-rnwd tlH• l'niplwrnl Carwl 

COllCt'pt ( Fig. l). 

T\w canal would not :--oht· all problem:--. Youn;r fj..,,h mil!falill(! down tlll' 

Sacraml'nto H iv1-r 11111:--L lw prolt-dt·d from diwr:--io11. and t•nougl1 w,1ll'r nm:--L IH' 

f(•l1•a:--1·d to :--oln th(· problt-m:,; a.-;t-;ol'iaLt·tl with wain flow:,;. i\'o :--ulu liou ha~ h.-1•11 

a. ... ~un•d yd for tlw:--1· n•q uin·m t'll b, but :,;ol u lion:- t·omp,11 ihlt• \\ it h tlw l'ni11lwr:il 

Canal t'orwq,t ;m• availaLle. Fon11 ulation of ..ulmi11i.-;lrntiv,• prondurn, which will 

1·:4ahli:,J1 thl' ba;.;i:- for llw :-ol11tio11 of tl11's1' r1·111ainin~ prohkrm is a lop priority 

ta~k uf IIH' a~rn1·i1·:- imolvnl. Cum·11L lwarinµ::- Lefort· tlw Slat,, Watc-r l{,,:-oun·r:

Cnntrol Boar<l. and tlw F1•d1-ral authori,-.iu~ lq:i;islation, should provid1· th1· 

ncc1·ssary admiui . .;tratiw framework. 

The Stak has aulhoril)' tu constrnd thl' ('anal. hut Congr,•:--!s ha:; not 

aulhoriz,·d F1·deral participation. Progr(•ss toward i'ongre:-sional authorization 

has be~n hindered hy strong oppu,;ition tn !.'anal eonslnwtion liy rnriou:- loral 

group,;. Henn•, it is cnlirdy pos:;ihlt· that Lh<' canal may newr bi· built. In thi:

•~vcnt, a hinlogically uni-,,alisfactory solution lo watt-r supply prohlrnt:- woul,I 

probably he impl1·111i·nkd by dt>fault. 

Th<' pr .. sc-nl statu,; of th,· program ha,- H'vt•ral at,;p1·1·b of ~1•rn·rnl intc·rt'1'l. 

From tlw Liolo~ical stamlpoint. a c·ritical r1•view of the prohl,•m,- itli·utifii•d 

indicates lhat 11mw neci•s.-;urily ('ausi•,; a reduction iu fishahl1• populationl'i. For 

ex.am pit->, no onP k uow:- how important tlw lo:x; of som t' spawning .an·a or I IH' 

diwrsion of many 1·ggi- and larv.w is lo i-tri1w1I hai-is. In a fo,h as prolifi1· a,- :,;lri1H'd 

bass, substantial los:,;n, of thi!,; typt· mi!!hl wdl not affoct adult almmlann. 

Such unc,·rtaintit·s mah both llw ,l,•trimi·uti,; of th,· pr1•,-1•nt i,;iluation and tlw 

benefits of the l'Priphnal Canal subji'd lo tJ!W~tion from tlw biological 

standpoint. Yd, l'orn,idPring: thP num lwr of polt'ntiall~ a1lwrn· t·c.mditions, tl11· 

likdihood < 1 f dt'lrime11 t j,; p rulmhly !.?,nat. ( ;,. rtain ly. I 1a:-;l mu na~l'nwn t m.· lions 

l1av1· ofkn \wen ba:-t·tl 011 lt-s:,; nunpld,· umlt-rstarulinµ:. and I lwlin·1• that mu,-1 

1 :1111:-erv at ion aµ;1·111:icl'i wou Id not lw:,;i la ti· to 11:-;,· ,-u di 1·vid,·1u·i· to ju:--1 if y 

managcmcnt actions. 

:\J cvcrth1·kss, thn;1• II l\('1•rtai II li1·:-< I'( ,u trilm t ,· I II tlw , ·011 t rm·,·rsi,•s m·t·r ju~ ti fi,·a

tion for Hw canal and im plt·m t'n ta tion of III a 11a~•·n11·11 I actio11,; lo :--oh,. pro l1l1·ms 

the ,·anal does TH ,t soh ,. au h 111wlically. ;\ l I m·:-<1·11 t, nu 1:--l µ:n ,u I.,.. an·t-p l t lw 

hiologil'al ju:,;lificatio11 for tlw canal but tfo,agr,·•· ov•-r thost· pi•rtai11i11g lo 1·a1wl 

0111·rntio11s or, in otlwr wortl:,;, lo thucw coll(Tflling m110unb of wain alluvn·d to 

Oow throu~h th,· Ddla. 

The California lfrpartmrnt of Fi~h and c; am,· \\.:,mb th,· w,1kr agPm:ies lo 

m1•d a sd of tentative llow umditions whenever this can lw drnH· at littl<' cost. 

Mor•· important!), l1ow1·,·1·r, we lll'liPve tliat conti11ui11g l'itudiPi- are impnativr, 

with the inlentiou that firm critt-ria b,• rslablishcd ai- soon a,- n1•cd is clearly 

demonslratt-11. I lwli<"Vl' the foregoing iR dearly the most n•ascmahll' course of 
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.,-1ion. 1,ro,i,l•·•I tbal "" .-h11i11L,101i,•• frnnwVl•~I. ,·a11 ,,. . .-,1ahh.,l,.·d lo ,,,.,uro· a 
bi.l• 1.rnhahilih ol ta I.in~ a,k•l""I•' ,.,.,.,.,-1;.,· ,..-1ion. 1111\"'''""I ,.,,..,;,kr.ili<>n• 

iot tbi, jml~•n•·nl ,.,,. : a) 110 ,\r,,tir ,·h•rn~•·• in !low> "ill '""'" in ti,.· imni<•,liah· 
ln l ur,·. I,\ i rr•·"•r,.ihk \,iolo~ie al , . .,,.,..'\ ur '" •·, •I ,,.,•ar ,., tr,•nwl \ ,1111 \l.,·ly, , ·) 
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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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most m ,IIW{!TIH c11 l op lion:-. 1•rior lo canal con.4niction .m · unlikdy to ht• vt·ry 

effrcti\'e, and d) thi· dl'grt·1· of IIIH'ntainty in thf' biolog-ical n·lali()nship:-;. 

A:-. miµ:hl lw anlit:ipatr<l, this position has plac,·d lll'i HtJlian·ly iu the middl,·. 

l\fany in tlw dPvi·lopmi·nl agl'nci1·s eon.-.id,·r our po:-ition to L,· rea .... onaLIP, but 

the fr n la l i\'t' rt ·•1 u i n·m t' 11 L.; w I' h a\·T ide n ti fil'd h av,· eamw d nm sid era h It· conct·m 

about thl'ir polPnlial impact on watrr supply comrnitnwn hi. Also, tlw d1•vf'lopt'n

arc conc,·r1lt'd about thl' ust• and misuse of iufonnaliou Wt' han· ,lt·v,·lopt'rl by 

opponP11ts to d1•vdopn11•nt. 

Much opposition to th,~ program as a whol-1· and also to tlw P,·riplwral Canal 

has b1·,·11 La::wd on 1•rological con:--idnation:- sup11orlt'd Ly our fi11di11g!:i. Many 

consnvationi;;b arc mrmbf'n. of thi· oppo!-iilion, lu~cauf;e tlw~' •1iw;;lion whether 

tlw canal will hr upnall'd in a nrnmwr rnmpatihle with biolog-i ◄-al r•·quin·nwnts. 

Somt· pa1'il actions by water 1lt•vi•lopnw11t ~1•11d1•s and Llw hH·k. of a <'lt·ar 

a<lminii:-trativ◄' franu·work for !:iolvin~ problm1s i-nroura~i;r this attit11 ◄ lr. Many of 

thp;;p t·.om-1•rvatio11ist:-. c:oni-;irll'r our position to lw ,·itlwr naiv,· or ,-uL:-rn'irnl lo 

th 1· w a lt>r ,l,·v ,·I 011t ~ r,;. 

A r1•al dilemma is that eon!:itrudive oppo,-itio11 will lidp H.'if-\llrt' .ukquatc' 

con;;idnaliont- for hiolo~cal 1wed,. and may, in fad, Lr nt·n•:-~ry lo gd such 

considrralions. Yet, such opposition rnuld 1•a!:iil,· ~d out of l'Olllrol and Lt• n:•wd 

by otlwn. with different political motivation:,; to prevrnt canal conslructi,m. Thii; 

would result in continm~d degradation of tlw :,;y~lt'm liy incrPa . ..•◄ ~d exports.. 

Tht> Departmf-'nl of Fil'ih and (;amc 's pn·iwnt ~u1silion ha.-; ohviou1:- inllt'n·nt 

dangers. Essentially. the position is haSi'd on the prt>mi~~s that mutually 

acct'plahlc solutions an: availablt· and that all parti1•s coneeriu·d wit! ad in 1,!.'0od 

faith in lr)·ing to implement such solutions. Its success dt•pend!:i on hiologisls and 

rnginet~rR recognizing and :mlving problem!-i facing both ~ou11s. Wt• an· 

r.ncourag1:d in thiR ap1•roach by gerwrally being able lo communicate rfft·ctivdy 

with many engineers in our Watt>r 1-h:sourc,~s Dq,arh111•nt whih· :,;t•ekinl,!.' mutually 

ace1•plabh· solu Lions. important f ailun~s still occur in our dt·ali111:,ri-- with Wall'r 

R1~sourc1•s and oth1·r ag1:11ciPs; how,·vcr, I submit that thi!:i is the most n·sporn,ib\1· 

and raliunal eounw for rrachinp: acc1•plahl1• i-olutions lo n'sour,·t· problems. 

l lopdully, lht• pn·s,·nl <:mwcrn ov,:r t·uvironmen wl defrrioratiun will cn·alt• a 

climate rnon· conducive lo thi:,; approach. thu· inh'1'1:di1·11t t·si-.t·ntial lo s1u·c1•n.-; will 

probahly always L,~ an infomwd and i11frrt'!-lt-d 11uhlie n·vi,·wi11g managcnwnt 

proposals a111I d,~cisions. This, of l:ourst·, is an important roli: for tlw puhlir 

1,rrou f ln µarticipit ti11g in th is ,·on f,·n·ncr. 
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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<««.
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C:liadwi(·k, llarold f\. 19fi4 .. .1\111111,d al111111l;111!·1· of , 01111g :-tri["'" 11.1:,;,c, /ioCl'US .wnatilis, in tlw Saeranw11lo-Sa11 Joaquin lldta. California. Calif. Fie-Ii ,uni 
( ~ i.lllH'' :iO( 2) :f16.fJ'}. 

Chmlwil'k. llarolil K. IIJ(1H. Mort.ilit~· rab'" i11 th1· California c-lri1wd l,as..1,;, pop11lalior1. Calif. Fi!:>h and <;arn1·, :i,l('i):228-:.?1U1. 
IJdta Fi~li and \Vildlifo Proh·<·tior1 Study. l'Jfi4. Tlw dfrd of w.:1t1•r ,l,·n·lopnw11t 011 the l>l'lla nivironrnrnl. llq,t. i\io. :L ( '.alif. J),•pb. of Fi:-J1 and Came a!HI Wi.!kr l{1·ii1J1m·••:.;, :J4 1•p. (minwo). 
Fi·dnal Wuti-r Pollution Control Admiui.-.tralion. I CJ(,7. Effrd:- of IIH' San Joatp1in !\la!->kr l>ruin 011 wah'r 1piality of t!w S,111 Fr,11u-i:-1•0 Ba~ and D1•lta. IOI pp. 
K.ii~•·r E11ri1w1•rc-. 19hlJ. Sau Frmwiiwo lfoy-l>1·lta wakr 1prnli1y ("011lrol pro-1--rr,1111 Fi11al rq,ort lo th1• ~lat,· of C:alif'ornia. 
l\row. IL II. 11)h(J, l'n·dif'.!i•d ;;11"p1·11drd :-.1•di11w11l i11flow-.. lo tlw ,"ia11 Frarwi,..,('O B.1, :-.\ -..11-111. l'r1•p,m·d for llw F1·1l1•ral W,1 lt-r l'ollul ion Co11trol 1\ ,I 111i11., ~rn,th w 1 •:,I It •·1-!iori, :{:i l'I,. 
ll.i<ltl..,,, L1rr~ D . .11111 .krr~ L. Turrwr. lfJ(i7. lligh 1·01w1·r1tratior1.-. of lot.ii ili:-:,ohnl .... olids lilod, sp.aw11i11J! 111igrntirn1 of iilri1wd !1Jc-:-,, Uo,·,·us .w1.rntilis, i11 lh1· S,111 Joaquin Bi\'n, Ldiforuia. Trar1c-. A1111·r. Fish. Sew., 1}h('t)AO;,--l07. 'l'ur111·r, .I Prl'\ L l'Jhh. S1·a .... 011al 1I istril111 lion of n1t"lal'1'a11 plank In . ..; i11 lfll' :-,,1t-r,mw11l11-Sll11 J 11a1p1i11 I )dt,L l\1g1•:- f):i-1 (M. /,,: l•:,,olog-i('al studi,·:- 1 >f tfw S,wru 11w11 I n•~,m .f omp1i11 1•.-..,tu,1ry. I). W, I\ 1•llf'~ (,·iii I or), C..ili f. l),•pt. Fi.-J1 a nil f :m111·, Fi:-,li Bull. I :u. 
Turiwr. .I c•n·~ I.. ,nul II arold f\. Chad wid,.. \Ii'-. ,\111111.11 dii'-Lrilnll ion and ,dnuul,1111·1· of ~ 01111µ: :-.lri1 wd liac-:-, 111 rdatio11 lo rinr flow i11 thc· Sat'.rmn,·11 to:-i..u1 ,lna'luin 1•~t11,1r~. 
'1'11rrwr . .11-rr~ I .. ,11111 Ti111oll1~ (:. Farlt-~, \h. =-io11u· la/,oralor~ ohc-1-rvation:- 011 I lw l'f fn I:-. of I 1·11q wratu rP. c-,1 II II i l ~ ,nul d ii'-. ..;oh 1 '11 o\ y ~1· ri otr tlw :-Ur\' in1I of -.lrip1·1I I 1.1:-..~ 1·g1.'> a nil l.1rv ,11·. 



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-

CLOSING REMARKS BY 
SESSION CHAIRMAN 

Richard A. Geyer 

Dr. Cronin's definition of an ('stuary is much more concise than th~ one I 
su~gestcd al the outset of this session. The fact that almost a thousand estuarit~s 
have he•·n identified along the U.S. Coast is indicative of the myriad of natural 
complexities associa t i~d with th c origin and charac t.eristics of these coastal 
phenomena. Therefore, it i!I. not surprising to find them affected to varying 
degrees by the adivitics of man, as well as their affecting him over a widt: 
spectrum of scientific, trehnologic, industrial, political, legal, economic, and 
sociological activities. He has also emphasized the tenuous state of the natural 
Nfuilihrium in which the t•cosyslem exists in estuaries and how deleterious many 
of the dfccls of man's activities can be in maintaining this precarious halancc. 
The eighl Lm,ic characlt'ristics of the t~cosystem of f"filuaric1,; which he fo;ted 
repreiwnt tlw major common-denominator factors that mm,l he com;idered in 
studying specific estuaries wht.•rcvcr they might exist. 

\.1r. Chapman's paper dramatically highlights tlw critical problems oecurring 
from the intense competition for natural n·st.nm:es. This is brought about Ly the 
ever-increasing economic and sociologic dt~mands caused by a burgeoning 
population. Not only would the important Texas Water Plan have a direct, 
perhaps irreversible, effect on some portions of the estuarie:;; the indirect effects 
on thosf' areas must also he considered. These result from what might he called 
the by-products of the expected major incrf'.ase in population in Texas, in the 
form of industrial and human waste disposal and the simultaneous need for more 
coasta.l rf'creational and living areas. Here again, wise objective and cooperative 
research and planning on the part of scientific and regulatory agencies at a11 
government levels, including Federal, State and municipal, discussed in some 
detail in my opening remarks, are imperative if viable soJutions are lo he achieved. 
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70
IVIor«ing Sess<on

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.
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Th,· needs and demands of all th,· pn1plf', tho,;1• living inland as wdl as thoS4' living on the coai,;,l and in intcrstat1· ai,; wdl as iutrn. .. tatP arf'as, must all be 
t:onsid•·rrd in n-achinµ- decisions r"sulting: iu an cquitahlf' solution for all 
Sl'~;nwnl.; of our socil'ly. 

It is cm:ouraging from Mr. Chadwick's talk, in some ways, to see that Texas is not the only Stall' requiring extensive long-rangi'. waler development plans to be abl1~ lo cope cffedivdy with iLs; futurt· population ,w,~ds. Also, Mr. Chadwick 
was able to dnnonstrat,· spt-cifically and quantitatively Romi~ of tlw actual 
hydrologic, biologic, and g4•ologic dfceL-. r1•sulting from the prol'oscd changci-1. 
Tlw data presrnlf•d, for i·xample, on tht> dfrcti; of im•r4•.asin~ salinity on the 
migration palleni.i.; and mortality of 1,trip,·d bai,;s arc particularly i-ignificant. They r1•prc1wnt tlw lyJw of i;pccific scif~ntifk informution n·quirf'd on which oLjcclivt> 
r1•1-,Tt1latory nH~aimn:i; <',Ill lw La!'wd and atlo11trd. They d1•monstrat1· dw need for surv1·ys of this typ1· ai- w1•II ai- l'aliLralion, inventory and monitoring varieties; only tlwn can sound Co.u-t.al Zone Manag1•ment <ln:i!iion!- and prf'dictiom; be 
maclc--on the basii; of facti; rathn than intentions, suhjrctiv1' analp,is or, worst 
of all, 4•molional rt~actions only. Unfortunately, th" latter aitcrion is mwd much trn, oft,·n in tlw prumulgalior1 of d,·cisio11s p1•rtaining to corn,ervalion practices 
and ftnbi«·qu1•nt regulatory arlio11. 

( '.om mun ica lion , nu ,n Ii Im lion, 1 ·00 f >1!ra lion - th ,•st• th rc1 • C's coni; ti tu le the 
cor1wn1ltmc· m1 whid1 l'crtain t-1~1,,rnu·nL.., of our i-oril'l\ such as scicnc1·, industry, ~ov4•n11n,•nt. arul riti1.,•11;; mui-t lmild to attain a •,riahl,· solution to LIH' multi-user 
prohlt· ms in volvi•d in 1•1111 i tah I,· a ruJ e f focti v •· Cmn; la I Zorn· Ma nag••m rn t. W ~ i.land or1 th1· thrt•i;lwld of d1·<•i,1ion. Procrastination is no longt'r t•ith,·r prof"itahlt• or potiNibk Tl11•;;4• 1m1hlm1i,; must LI' :,;oJ\/t'd soon or Sodf'ty as wt· know it lmlay will not 1~v1•11 ('onlimu· to 4•xist, much In;,., flouri!ih. 
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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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lfore,111 of Commercial Fisheries, Biological Luboralory 
St. Pet('rsburg, Florida 33701 

If W(' tJ1iuk bat'.k ovf•r a 20-year period, we can probably recall several 
biological research programs cr.r1kn.·d in estuaries of the llnitcd States coasts 
Lwo 1kcacks ago. Thost' among us who do remember tl1cse early dforts art· 

aware that they wc~rc primarily species-orif"nted and provided little accompany

ing information u.;eful in protecting or managing the environment. At that time 
tlwn~ ;;1•Pmetl to be no great fear that the environment was deteriorating. 

A.-. thl' I 9!iO's wore nn, there w•~rr plPa:-. from profrssionals that ~)mt'thing lw 
<lo,w to prokd tlw Nation's estuaries from further industrialization and 
pollution-hut, to tht' hest of my memory, very littli· was dont·. The biologist's 
voil'I' was too weak to be ht>ard; funds wen· not appropria led; and r,:,,;earch 
dt·signed to show how the estuary could best servt'. humanity did not com•· 
al1out. 

Mon· can be said about c:oastal 1·11viro1mw11tal rc:scarch of the 60's than about 
that of tlu- :"iO's. Those later years werr characterized by 1-iome progress in 
rf',warch, sonH' pro1,'1'css in managcm<"nl, considerable compt·lition Letw,·t•n 
agPncil'S in quest of funds--and very little funding. ~evertlwless, cour8cs Sl:'Cm to 
havt· lwcn chark<l that will have an impact on coastal n~sourccs in the future. 

Ily way of progress in the 60's, there occurred the first Congressional 
appropriation to a Federal agency that Lore the label, Estuarine Research Funds. 
The appropriation occurred afler some 6 to 8 years of effort spent in seeking it. 
I rf'call this well, because our BCF (Bureau of Commercial Fisheries) Laboratory 
in Florida was given access to one-half of those funds and has been supported by 
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74 A<ternopii Sessjpri

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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Llwm ever sinc1•. They wa1: amon~ the first fundc; lo pruduo· n-ceult:-: that WP11t to 
eourl. The findinl:,'8 wen· usl'd fr~cpH'ntly in public hr·aringi,; and l,·g-islative 
hearings t:oncerning t:Bluari111• modification. l\'1ornw€'r, tlwy wt•n· rt'f-ponsiLlf' for 
wirrning scvnal cases for cons1:rvatio11. The most prominent t:ourt at..:lion was the 
Zahd-Russcll caSt: in Florida in whir.h the Corps of Engineers, for th(' first lime, 
dcnii•.d a drl'dgr-fill 1wn11it on th1\ basis of fish and wildlife values. 

1 
Tlwsc vahlf'ii 

wcrt• documented and supplied by n:scarch biologists. 
Thm1, som t~ progress in other funding has bef: n no tc d, for ex ample, in F ,~deral 

grant-in-aid programi,; or P.L. 88-:309 matching funds for fislwrit>s. Th('sc an'" 
1111 I tinµ: $1,8 million an11ually in to n•si·arch and dt'vclopm1·11 l in s1J11 th A tlai1tic 
.uul Culf cstuari,~s. A siguificant outgrowth of that fuuding has be1•11 tlw (;ulf of 
l\11•xic:o Coopnaliv1· Estuarirw Inventory. This was sponsored hy tllt' Gulf Staks 
Marim· FiKlwri,·:s Commission, operated cooperatively by the r;ulf States and the 
Bureau of Comm,·rcial Fisheries, and funded under P.L. 88-,309. lt began 
producing u m ultistatc hasc line of cstuari111· in formation-descriptive, sc<li
nwntological, hydrolobrical, and biological. Atlast~s reswlting from this study an· 
now in 1m·paration for ,•ach State involved. 

AIL11ouhrf1 it is poi.siL!t'. lo id,·ntify wmt• funds appropriated for research and 
munagl'.m1•nt in the. 60'.s, it wm; pitifully small progr1~ss in relation lo the needs. 
P,·rlu1pi; 1h1•r1• w1•r1~ scv•·ral reasons: !ipace programs, the war, inappropriak 
polilil'al timinµ:, de. II would lw unfair, however, if government ag1~ncics did not 
uei·q•l i.01111• of tl11· blum1·, tlwmsdvcs. Research and conservation agencies have 
not planned toµ:dll('r 1•xc1·pt in a few instancei:;. Many programs have been 
i11itiuh•d hy separate agl'ncit:s without rt'gard to plans or existing activities of 
olht·n.. St:ientisl8, teachers, and administrators have shifted their allegiance, 
ultnnafrly, from oct~anography to coastal ecology, depending upon the direction 
of politi(•al winds. Now, most attention has Ll;'cn redirected tu the coast where 
th,· adion :wem~ lo hr. 

It appears that a gr1'.at amount of emphasis will be plact'.d upon pollution 
1 ►rohlt•mi. i11 tlw 70's and it is indicated, at this urly point in the decade, that 
mrn,t f muli; for crnu;w.l rt•s•~arch and management may b1• stimulated through 
1·0111Trn ov1•r pollution. I cannot much quarrd with that approach because 
pollution is 0111• of tlw st•riom thrcaL"' lo tlw coastal environment. I am inclirwd 
lo ,·au lion, how1·v1·r: (I) that tht·rc an· other serious thrf'als to the cnvironmn1t; 
(2) tluit ti.rough p;n1ui11(' t·tmperation and coordination, such as I have observed 
I 11· l w 1>1' 11 aµ:1 ·11,· iri; working 011 th1• (; u If of l\.·1e x ic o Estuarine Inventory, I am 
1 ►rn1itivr that un inlt•r-a~cncy a1,,,roaeh to mutual problems draws more support, 
arul n·sult1-1 i11 a fin,·r prutluct, than a singlc•agt:ncy approach; and ( 3) if we are to 
jlrt'l·•«'r\-'1' a major portio11 of tilt' ,:oast, our investigations must be largely 
111 ii-..,i, 111-1 >ri1• 11 It'd. 

1
1-'.dilor, Not,,: Thili ~ignifiranl catit" was carried in subsequent actions to the U.S. Court 

uf AppuJi., wlwrt> th,• µrirwiplc involv1-d and rrJated action in denial or pennit was upheld. 



Ot!anin<! Remarks 8y Session Chairman
75

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.

Opening Remarks By Session Chairman 
75 

1 am a!~o i11diiu·d lo rnict· an imprei;sion that pollution 1•rol,l1•m~. allho11~rf1 
fean,on11· in our 1•1p,;iro11mcnt, should b(' thought of aud wtirketl with in tlw 
prop1•r pt'rl:'>p(~ctiv1·. Some of us d1·votc molil of our time lo rt'M•ard1 and 
managt'mn1l of nalural producL,;; of the coastal zotw-fii:;h: thol'.it' IY1wi- fouml in 
food chain&, tho1,;c offering protein for the human diet, and tlw::w providiug 
ret:rf'ation. In thP 70's, it would be ad\·antageous to plan togt>ther in a('cordam·1• 
with an outline of agency responsibility-considt•rin~ that fisht'[)' orga11i1:11tious 
should conduct studies on the effect-; of 1u1llution on fo,h. slu·llfish .• uul tlu·ir 
food organ i,.;m:-; co nsidcri n g tha l pollu lion agen rit~s shou Id <·on d m· t :--1 u d it•:- t m 
the cffrd of pollution on human lu•alth and on ("slhdic 1prnliti1•:- of llu· 
environment. 

The sp,·akcrs in thiR afternoon's session art' in a µ01-1ilion lo providr 11:- with 
considerable insight into the biological significanct· or c·.stuaric•s und :,;onH' of llll' 
serious problerrn,; that we face in maintaining thl'ir r•roduC'tivity. Tlws,· thr1•1• 
gentlemen know rnorc about estuaries than mo1,I; they :-hare a comhi,wd w1·ullh 
of experience in research, research administration, and lt·achinjI. If wr ,~an hrcd 
the type of guidance that these three can offer, Wt' shall ht• ablt· to maru1g:1· mo:-.t 
cstuarinf' problems that confront ns in the fore:,;1•eaLl1· future. 
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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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A ('OIi fron l,.1 ti011 i:- ta kinµ: plm•p in tlw w .1kr:,, of I lw l\·lidd I,• A tla11 tic an·a. This 
1·.011fro11latio11 i:,, tlw im pad of 111.111 \ activilit·s arnl actions on th1~ rsluarinc 
wuh•rl'-. Sonw 17 milliou pro pl,• livt· in a1ul arountl N1•w York City, ,H.lj.u·i·11 t to 
tlw shorPs of ban, and rivus. Tlw infrrfan lwtw,·i·n ma11 and the mari,w walPrs 
j_i.; at th,· slu 1n·li111·. Th(' c1wstal 1•11vin 111mt·nt ha~ lwc·n losing as man\: uses (1f the 
w,1frrs hav1: inrreaiwd. Au i11fornH'd a11d arouSJ'd puLlie wauls an all-out dfort 
low ,m I pollu tirn1 aba lt•nw11 t am! 1·011 trnl. II owt•wr, t}w ta,..,k:,; of nwcli11g Ii fe 
111·,•,I:,, ancl, at till' e.am1· tinw, prP:-Pn·inl,.!: tlu· mari1w wult·rs so that the~· can 
rt·nrni11 prududin for food and rt·rrt·alion art· ap1111llinµ:ly (·ompkx. For 
n,;mq,1,·, owr .J 111illio11 rnhi1· yaril,- of s,•wag1· .s;l111lg:1· mul olhn solid \\'w.:frs arc 
di:,,d1acg1·,I a1111m1II~ in th•· l\,·w York Bight. Effl1wn b from s,·wul,!1' pl.mis 
,1111011111 to ovn ~ billion l,.!:.tllons of primary and s1•1·orul.try wash':,; eharg:cd with 
11itratn-. phuspli.1 k,..,, mid f, ·1·al ty pt· hadi-ria. Control of lh«·si· 1·onditio11:-- is not 
in ,-ig-h t w itl1t111t ma:-;,-ivi· iuj1·diou~ 11f mot11·y arnl man':- l'Jll'rgy. Anrl yl'I w1· must 
solv1• I lws1· prnbl1·111i- q u il'kl ~ , i 1· our mari11 P w .111'rs ar«· lo n•nwin s11 i lahf 1· for uSt' 
h, ll!tlll. 

\',·w Yori.. 11.1~ l,11-.,·n ,-ouw major :-l1•ps lo mrd Lhii,; <.·.hall1·11~1·. A homl issiw of 
$1.7 hill ion w.1:- ,.,11,11s1 •n·d I.~ tlw (;ovnnor and o,nwlwlrnin~ly approwd hy 
th1· \·otn,.. in I 1Jli'.i ;1s I 11 ,. fo1u 11la I ion of ,1 Pim· W afrrs Pro1,.'ram. Subs1·111wn t larg,· 
.tpprupri;t t ions l1i1\T 11, ·1·11 p,1:,,s1·1I lo ,u•c•1• h·ra t,· pollu lio 11 abat1·m1·11 t, Im l ii i,; 
1l11ubtf11I tli,1( 1·\·,·11 tli1·-.1· ,utiomi b ,ir1· su ffo·ii·rll lo do thP joh. I H .'-OIIH' ways, 
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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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N1•,1 ) r,rk h,1~ h,•1'rJ11ic· a t1•:.;linµ: µ:rouml. Tlw k:-.:--on:.; IP,fflli>d ltn,· ma, lw lwlpful 

in ollwr ,nT;i,... 11 lwr1· current 1·011,lilium, an· not :-o ,H'llk. 

l'r>I I II Iii JII i't·, nn snrnµ:1· a,111 d1cmic·,il;; anJ (lhy:-i(",!I alt1·r.1lio11,... of our marin,· 
1·11,·irnn11w11t an·. i11 m~ opi11ion, tlw f!n'al1·:.;I tlm·ab tu our eo;.1:--tal walt'r:.;. For 
m..u1~ y,·ar:-.. tlw n·c,-pt,H·lt• for wa.':.\frs was tlw 1H"ar1·:-l . .,;trr.uu or h1kf'. A:.; man 

oLs•·nnl tlw d i:-..i:-.trou:-- dfrd:c- of Lhe:-.e .1dion!:', lw tun11·d hi:- 1·y1•:,; to tlw 
r-stuari1·., atul ("oa:.;tal walrr:,;. Tlw capacity of lhriw wakr:- to ahsorh wa:.;t1·~ 

appl'art·d 1mlim ikd. Wi• know 110,.,.· that thi:-- cond11sio11 wa:-. 1·rrom·o11:-. Drastic 
.slt-p:.; arP m't'1':..:-.1ry lo corrt't'l tlw:,;t' 1·rror:-. 

POLLUTION AND SHELLFISH 

Tin· :-:h di fi:;h irnlu :-.try w a:-- ol\(' of I.he first m amw in du:.,;trit'S to f Pd t lw 

pr1 ·ssure from pollution. Thi· 1wtural hahitat of oy:.;frr1-- is in 1•4uarim' w<1l••r:-,; 

wlwn· Llw i:;alinity r..mge:-. from 7 to :30 parb ot' salt per 1000 parb of walt'r. 

Thl'S<' con di lions arc fou 11d in the low Pr ,·stuaries and our ('ities have developed 
in precitwly tlws,· an~a:.;. Bdon.· lh1· Lum of t.he Ct'11tury, one of the eent,•n,; of the 

oy~tn industry ww; i11 Raril.au Hay, adj.H't'nt to New York City. A.1-- tlw 
population grnv aml th,· w alNs hc1.;anw pollu led, tlw oyster industry was fornd 

to III igrat,· t'atilt·rly 011 Long Island. Thi.'i shift uf uysl◄'r cultivation away from 

popu L.1 lt'd t·1 ·nfrrs h.a.-;, bt·t· 11 n·1 li'd ktl in Comwt'I ic u t, Rhodl' Island. ~ la.-;..-;.a

chu:.,;d I.:.; aml l\1·w Jt-rsi·y. 

It ii- 1wc1·ssary to know :;omething of the life history of th,· oysfrr to 

undnslan d tht' cause and dfrc l rda t ion ship Let ween pollu lion and :..lwll fi:-.h. 

Oyslt'r:-- rcm:h :,;1•_,u,11 maturity in tlw \1iddk Atlantic an-a iii most eai-1'.'i i11 the 

:-c;(•t'.ond or third p·ar of Hwir lifr. Oysli'r.-; spawn whr11 th(' tt'lllJ!l'r .. tl1m· of tlw 

watn rcadws ahoul 70°F i11 tlw :,,;umnwr. Tlw q?;g:-. an· :..hnl into the watn and 

fertilization tak ◄•:.,; pla(T tlwn·. Tlw frrtiliud q.,i:g dni·lop:,; i11to a fo·t·-:-.wimming 
lan:al sla/.,\"t". A fkr lwo lo lhn•1• w(·t·L, lh(' liuy larval form must fiu<l a solid 

ohj.-(·l for a Ll,1dmw11 I. 0 t lwrw i:,;i• i I sin b lo th1· l1otlom arnl d i1·s. A ftt·r 
att,whnwnt, tlw opkr i:-: si·d,·nt,.iry unkss mmTd by storms or by m,m. ~im·.- tlw 
wat,·r.-; in th1• i\]iddlt! Atlanlil' art' n·lativi·ly eold in wintn, tlw pniod of growth 

is rndy· B to 9 months of lht'. ~-i·ar. Som,' 4-5 years of µ:ruwtli an· n·◄p1in·il for tlw 
oy:..lt-r to n·a<'h a rnarki'Labl1· :--izt·. On tlw otlwr hand, i11 (;111r waln:-., a 

CO!llparnl1h· sii.1' may lie rl'll('ht·d in 1a months. 

Almn:.,;t all of th(' oystn production ir1 tlw l\liddl1· Atlanti(' n·sults frolll 

privafr c·ul ti\ .itirn1:-. 011 hrnd:.. ka'-"'nl to imlividuab hy tlw S Lat,· (Fig. I). Th est' 

prnctins h,m· rnabkJ tlw f.arrn ◄ ·rs lo <l1·Hlop .i high fkgn•i· of sl-..ill in tlwir 
011('fill i, HI~. l l n f< ,rt 1111.i ti· l y, tlw slwl I fish L:inm-rs havl' no control on-r pollu tan l:'i 
whid1 an· plac•·d i11 lh ◄' \\;ult~r. r )\'SltT larva,, an' ,-1'ns1LIH' lo poll11tants. 

Sun1's,.,;f11 I n·produdion sto11s in poll II lt·d w ah'r,;, Furth t·rrnon·, since Jidl fi:,;h 
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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!

78 Afternoon Session 

l',•c·d 1111 tlic microi-1·opic rnakrials in tlw walt'r, tlwy i11g1•:.;t Liu· l1ad1'rial 
1•unlaminanl:,; in wal<'rs }H'avily ladm wilh fl'l'al hac:lt'ria. At !his point, snt'h 
slwllfi;.;h ht•<·nm1• 11mmilahll' for raw co11:-11111plior1. 

For 1hr pa:-t 15 y,·ars, thr oyi,;lcr irnlu,.try in thl' ~1iddl,• A tlanlic hm; h1•1'n at a 
I« ,w I ,·,wl of prod 1wti◄ m (Table I). I low PVPr, i11 N1• w York. four comm cfl'ial 
lu1tdwrin, ar1· now growing ,-;p1•d (Fig. :!). ( )y.-;lt'ri-; ulr◄ ·ady planlt'd ;.;houl•I hoo:-l 
pnuludion ;.;uhi-L.lnlially in tlw n,·xl :,;rnral y,·ars. 

Table 1. 

Yi·ar 

19(,0 
t 9(,J 
19',2 
19'1:1 
19b-1 
1%5 
19M1 
1%7 
J 'H,11 
1%9 

Produdion of Oysters 
Atlantic StateH From 
Thousands of Pounds) 

m the Middle 
1960-69 (in 

New \'ork Nrw Ji·r.-1•~ ll1·h1war1• TotaJ 

n10 U17 177 1,15,1, 
788 1,100 :1:1 1.921 
728 I .!i!"i-t 80 2,:J<12 
J9,1. alb 41 951 
2D l,09B 45 I ,;J 5h 
200 ~23 34 757 
177 (,"5 45 917 
IOI 99.i 61 1,056 
17.'i I ,:!II(, 4:t l,;i04 
:.n :i 1.01:. 51 1,279 
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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

The Biological Effects of Estuaries On Shellfish of the Middle Atlantic 79 

Figure 2 

Hard dam;; are for mon• a<ljustaLlt'. L.o 1·1wirnnnwntal ,frtt·rioration. 'f'Jiq ,tl:-o 

lin• in llw lown 1•;;ltrnri1·s. Stra11gdy enough, tht' lan·,tl slagt•;,; liavc· provt·n to Lt> 

mon· hardy than tlw young oyster::;. In Rarilan Hay. whid1 is lwa\'il) 

nm lam inakd, hard dams :-.till ;;pawn and n·pru<luct' :--Ht.iT~sfu I I) . ( I y:-kr;,; 

disap1wan·d from lhis arPa many y,•ari,: ago. lm·1·ntori1·s i111licak a sl.111t!ing hanl 

dam 1 ►opulation then· of s1•v1•ral million huslw(;;. But this dam f'rop is ,1 liazard 

rath l'r than an assd sim·1· thi·st· sh (·II fish an· u nsa fr to lw i ·al 1·11 raw. I II lt• n;;ivi · 

1 ►olicinl}: is ll<'(~t·;;sary lo prt·vt·nl tlw;;t~ shi•llfish from l)('iHI,.!; plac1·d 011 tlw rnarkd. 

Similar conditions t<X isl in "·arious locations in th,· !\li1Mle A tlanlil' Stati·s. Ila rd 

dam 11rorl11dion (Fig. :I) hat-i risf'n grt'.ally in r\ew York ovn tht' past trn ) ,·ars 

(Tabk 2). Thifi iuen·atw l1a!:i resulted from a ;,;erin; of excdknt set-. i11 scwral hays 

along tlw south short· of Long Island. 
Thi· third shdlfish species which ha:-; h1~en of impoclanc~ j;,; the i-oft dam. 

Production of thii-i s1wci1'.s in Loth New York and New .J t•rscy hai; lw~n at a low 

lcvd. Th,· main center of soft clam production has shifted from tlw Ni·w 



Af te<'naan Session

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!

Afternoon Session 

f'igurP 3 

E11µ:l1111d mul i\-·1id1ll1· Atlauti,· ,m·m, lo tlH' Chn,;1111•ak1·. Ap.1ir1. th1· prohahlP 1·aw,,·:of tl1is drdiiw huv1· lw('II pollution arul phyi,frul d1ar1~e:- in our cstuariP:-.. 

IMPORTANCE OF WETLANDS 

lu tlw \li11<ll1· Atlaritil" ;m•,1. a:-. d,wwlwr1·. 1·:-.luari,·.--. an· us1·d for many 1111rprn,1·s othn than i:;IH'llfi.•J11•ri1 •:-.. Tlwy .... ,-n ,. as hiµ:h'"· a y :- for t·omnwn1·. 

Table 2. Production of Hard Clams in the Middle 
Atlantic Stale!! From 1960-69 (in 
Thou88Jlds of Pounds) 

Yrar Nrw York. N,·w .li·rst·y l)daw,m· Total 

l 1JMI :1.nnn 2,.!'iri2 ,1,IH 6,924 
1%1 ·1,291 I ,6H7 5H2 6.560 
1%:l •t,H:\f, 1,:140 370 (),554 
19(13 .'i,:1 11 1.58-1 2(J2 7,157 
1%·1 5,Ul2 1.89-1. ·1-18 7,71-1 
J9h:'; .'i,9,1.H 1,117:t ;u,a 8,lfl.1-
l%(1 t,,5Ul 2,67.'i 2"'1- 9,520 
1%7 7,1}(,t, 2,11-th 294 10,206 
19hfl (1,11Hh 2,525 2:l9 9,750 
11)1111 7,:i I h ~.Hl9 1:u, 9,S.1. I 

·-
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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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Figure 4 

n·creational boating and :-.wimming. and as sources of sand and gravt'I for many 

purposes. Channels m u~l lw dredged for shippiug (Fig. 4 ). As p•·oplt· haw tri.-d 

to mm·◄• dost· to tlw <'stuarit"s lo live, wdlands have bc1•11 fillt·d with sand 

pumped from the bays. Houst·s are oftt•n built on tlw fillt>d wetlands, usinµ: 

sqitic syslt·ms for sewage dispoNil. These kinds of developmi·nt;; damagt· thr 

h,tuarit•:-- in at l ◄ ·a,,t th rt't' w .iy s. First, th t·y de:;troy the natural kt·('hing processe:-: 

wl1id1 atltl. nulri,·nL'- to tht· marine habitat. Wetlands an· th,· foo<l factories for 

our t•stu.iries. As tht.· tid ,·s wash over them, the nu tri,·nt.; arc rrleased gradually 

from tlwi,w man;lws to :-it'r\'t' as the base for the food <'yck in tlw watn, As thl' 

w,·tlands arl' filled aud hulkh('adP.d, tlwse sour<TS of nu tri,·11b art· t>liminated and 

tlw producth.-ity of th1· water is rt·ducc<l. Secondly, th,~ wdla11ds are usually 

fillt-d with ~and and grnwl from the hays and n;luari1·~. l n this sand mining, the 

suhslralr 111·cel-sary for the growth of ,,hdlfish is remowd a11d the poh'ntial 

pro due tion is redu ccd at·co1"diugly, Third I y, th<' leeching of con tam inan ls from 

Lht· sq1tic sysfrms back into th•· esluari"s rais1•,; lhi: kvel of pollution and further 

lim ib shdl fish prod u,: tion. 

l\fany scientii;ts h◄•li1·v,~ that th,~ salt marsht's (Fig. 5) in our coastal hays and 

triln1tari1·s art: of criti1·al irnporla11c(' to th,· ecology of tht->se waters. They bdi1·vc 

that lht·s,· marshes must L◄.• prn,crved lo maintain lllf' basic productivity of th1·S<' 

l'Sluaries. Lotoiscs of wl'llands in the last 15 years have taken place most rapidly in 

the urban and suburb.in areas adjact~nt to New York (Fig. 6). Since 1954, l\'ew 
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Figure 6 
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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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York ha:- lo,.:.l .il,out .'30 j'l"rtTHI of it:- wdland:- (Tahk :J). Thi1- ha:- happt·twd 1'\TII 

thou;.:h llwn· an· 111m1t•ro11s 1·1ili~h l1•1w,I puhlii· ~roup .... working lo l1t'lp .--m 1' tlw:-r 
mar:-li lm1ds ,mt! adj,Wl'Il l u11dt·1·w a lt'r la 11d:-. Tlic• I id,· of dPslrud io11 ha:- t II rn,·11 i 11 

the laRt frw yt<,:ir:s. Cm1111·1·tic11 I has pa:-:-c·d l,m .... ~i\ ill!! th,· :--tilk slroug fH1W1'n- to 
eo11 trol wdlandt-. Both N t'W J 1•r,.:.1•y an<l lkl.1 wart' ha,,, li .. ul a/!~•n:-siw m·11 ui:-it ion 

pro~ram s. I II I\ ew York. th,· Long I :-;la n<l W ,·tland:- _,\ d au thorizc•~ llw Sta k lo 

<·11kr into f'oopnatiw agree1111·nb with lo<"al !!O' Pfllln1·11l lo pn·:-,·n ,, a111I 
mha11('(' WPllan<ls. 

Table 3. Extent of Coastal Wetlands in l\tiddll' Atlantit· 
and Adjacent States and LoSBes Sinc·e 1954 1 

Total Estimafrrl \,•n•s 
l'l'r('f-lll 

State Aen·at,:e I ln,I roy ,·d 
J,Ol'i,,.~ 

1954 I %-i-MI 

Connecticut 14.744 :\.200 21.7 
New York 45,:l95 I :\,000 21th 
New Jen;ey 241,060 25.:l0O I0.5 
l)t-lawarc 114,04H 4,()(10 UI 

~1aryland 204.060 :W,200 IJ.1) 

1 From Spimwr, (;rorp:1· P .• ·· ·\ Plan for tlu· Marin,· lt1·so11rr1·~ 
of lhe Atlantic Cna.<;;lal Zo11r," Am. t;n~. Soe., Jf)6f). 

l! 11d1·r thi;; program, :-01111' 16,000 of tilt' n·111aiui11µ- J:!,000 arn·s .art· 
prolt~ded. A uoth,·r 2,500 ant•,.; of wl'lland:- ar1· nw1u·tl 0111 riµ:ht by 1111' :-italP or 
Inca I g-ov,·rnm,•n t and ar" proll'(' kd from d t•:--lrudio11. Su li.--lill I l i.il ,wn·ai,:1•:-- i11 

N4•w York arc :-till privately ow1H·il aml :-iTIII ad uall~ lo liiTkon tu llw 

dt•vt·lopt~r. Land for hous1·:,; mljan·nt 111 tlw wati•r i~ al a h i:.!11 pn·mium, ,i1w,· Hf\ 

littl,· rt'milius. 
Tlw ironv ol" this kintl of 1l1·\do1•m1•11I i:-- th.1l it ullim,1td~ ,li-,-tru," llw \ .-r~ 

thin hrs !hat, 1wopl1• an· :,,;pd,inµ: ,1.~ tlw~ Ir~ lo mm,· from tlw 1·i lit·,- lo lh•· 

sca,;hort·:- lo i·ujoy tlu- ~ood thinµ::-; in Ii fr. 
In Nt·w York. Hwn· ,-t'PIII:< to lw only 0111· :--olulio11 lo lhi,- 1,rn!.lt-111. Tlw 

i ► ri,· al ◄ . w d \.i rul !-i cau 011 h b4• pn·:,;1•n· ◄ ·d !'or fu I II n · J,!:! 'H 1 •r,1 tiu 11,- th rou g:h 

al'ljll i!-ii tion hy ,-(JIili' kvd Of µm·c•f[Jfll 1'11 l. , 
Largl' area:- 0 f II p:-;la l(- \ t·\\ )" ork. Ii ;I\ i· Ii, ·t· fl ,-d .11-id •. ,\,- j on·:--l I lfl' ... ,•n 1•,- ,111d 

I · I 1·· ·l I I ti · .:t. l · · 11 ·1·1111\·1•,11 Pn·~1·1'\T,., lo 11n1l1-cl tlw art· prukdc( 1111 t' 1111 1· ~ •) ll ., a • 1 0 1- , • · · 
wdlaml,; amJ t\111,- lo 111ai11tai11 tli1· i11lq!rily of tlw wdla11d,- 11111:-I lw 4li·,,·lo1wd 

a:-; :-;0011 a:- po:-;:-;ihk. 

THE FUTURE COURSE 

The fa,.,h i1111 today i11 al m o:--l 1'\'Pf\ l hing lw i11µ- dot w b) go\' 1_'rn IIW 
11 t. i,

plas i ni ng:. Evi·ryoiw j:-;.for pla, 111 i 11 /!· l!ul planning ,·au lw a tra1, i11 tlw l .. 1 .... l·/11°\ 111 1! 
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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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w11rld 111' l11d;1\, ( )11r \li,ldlt· ,, tla11ti(' t•:-l11ari1•:- C(,uld lw,·01111· ,,utrid dn,!"r(,.. ir \\ I' 
a,, ;iii for I h1• ILi'\ I Ii, ◄• \ i·,ir:- tht· rn,u I 1.-, of :-I 11di1•.:-,. a:- tip· ha!-i:- for plan:-. 

It :-1·1·111,- lo nw that .i :-,11',T 1·our:-;1· i:- lo d1·\1·lop lt·/!i~lation whid1 pnmit:, 
~o\ ,-r111111•11I 14) <'011\rnl din·dl\ tlw f,wlor:- which dl'leriorak th,· «-:-sluarirn· 
,·u\ ir0111111•11l v.hik ti,,· .-.I wl i,·:- a,- a lia.:-,.i,- for pla1111i11µ: art> hi·ing (·arri1·d ou I. I 11 
thi:- v. ;1), \Id" 111.1y il\ oicl arriving ut th,• 1·oru-l11:-io11:- of th,· :-l1uli1·:- loo lak to 
dfrd .i 1·1ir1·. 

I lll'li1·\ ,. Iii.it w1• v. ill ad ag1-,rr1·:-,,..j\ •·h and :-tHTt'.,Aulh in th1· \liddk A tl.111 l ic 
:-it,1\t':- lo ill'nunpli:-h th i1, :,!tlill. i\ 1·w York ha:- ('omlii,wd uir aiul walt-r pollu ti 011, 

:-nl id \\ a:-1 ,, ili,-prn,al, I lt':-1 i1· i1J...-. 1·011 lrol. mHI all r1·.~0UrtT m ;u W/!•·1111·111 in Io t1 1 ww 
I kp,H"lr111·11 I of Fin irom111·11t.d Co11.:-,.1•n·atior1. ,'\1·w .I n,-1·\ am) I ).-law.in· hmT al,-o 
r,·:-ln1d11n·d tli,·ir proµ:r.1111:- lo 1·11q,h.1:-..iz,, 1·m iro111n1·ntal prnlt-clior1 a11d pn•:-1•rL1-
li1111. \\ ith lhi,- n,111·,·rll·d ,·mplw.-..i:- 011 the· Plnirn1111w11L 1111' 1·:-tu.1ri,·.-.. will ~d a 
111,1jor _,..Jian· nf I Ii,· ,I II n1 I inti. 

,,\l1111/.! with tl11· prnhl,•111:- of ,;1•w,igt> aml in1l11:-lri.1I pollution. wd/und:-
11r1•:-,.1•n .i I 11 J11, 1lri-1l/.!ill/! r.,,. fill, ,·k., tlwr,• arf' llllllWrtHI.'- 1,th,·r dn,·l()!Jllli'lll." 
,d1id1 will aH,·,·t lh,· ,·:-luari,•,-. l'11li1·i1·:-.. Lo ro11trol tlw lwafr,I wain dfltw11 t,, 
from I 10" •·r pLuil:- 111 u,-t Ill' d1·1 dop,·,l. -\lr,·,uly, utomir pown plant:-. an· lwing 
,·"11,-.lriwk1I 11-.ing th,· \\:11t-r:- from our 1•.411,1ri,·:-.. for 1·oolir1g p11rpo~1•:-; (Fig. 7). At
tlw f" 'I HJ l.1111111 ;.:r11 \\ :- 1 ·,,.ti fa,-1 •-r, I 1n·:-..:-11 n•.-. ft 1r JJ 11 )rt' a I ul 11111r1· 1 ,f thl':-..c· 
dn d, ,p1tw11L, l,!1"11\\. \ ,.,\ Y < irk lid:- ,wkd I, 1 ,·,-.t.d,li:-h rigid niteria I\ 1r it:- 1·oa:-l,1I 
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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  ~

THE EFFECTS OF POLLUTION 
ON ESTUARIES OF THE 
NORTHWEST PACIFIC COAST 

Ernest 0. Salo and Quentin J. Stober 

Fi.~h<'ries Ue.~<'ard1 lnstitutf:', Unitiersity of WnshinJ!lrm, 
S,•alt fo, II ·ash in15lon 98 /05 

Th,· 1wopl1· of tlu· l'a(·il'ic· ;\:orlhwP!-,( ;ir•· h1•(•omi11g uwan· of th(' iufollihilil~· of 
tlw I ,aw of tlw Co11~·n.·;1lio11 of \la .... ,.. whit'li prod◄ fr!-> that tlw .1111111al to1mug-1· of 
1 1i~c.tnk◄ I wa:--fr 111.1frri,1ls i,. ,·,,idly ,·c11rnl lo Lli,· tonnag•· of 1rnl11r:1I malt·ri.a/i,;-,q.t:dnhl,·. mi,..,rnl, a11d a11imal l,1k,·11 from tlw mvironuwnt (U.il ◄ •i-;, 1960), Tlw 
1Jir1•1· !'orollari,·!-> lo thii-; lwn ,in· .11,-o "'·i<l,·111. Firi-l, in a "'l.rogrn;i;ing" t'ultun·, 
mul4·rial i:-; 1101 uni~ produc,·d lorally but j,.. .il:-;o impork1l lwnr,·. tlw di~curd i~ JU• ·u kr than tlw lol'al prod udioi 1. S1'"1:orul, tlw mo1•4• com pl,·x tlw ~ocidy, th" r11ur•· ,·ompl,·x tlw w,·h of 1·011H1mptio11, 1-'i11.Jlly, tlw mort· romplt·'I. tlw w,·L of n ,u;.;11111 plio11. tlH" {!t•·al,· r tit,· w ,1,-tag,·. Small pa('kag1·s of crad .. ns and ,·atsup ,m• ~·rn·d aft,·r h1•ing unpat· k,·d from i-.ligl, ti~ largc-r padaj!i•~, wliid1 ,,·1-r1· :-;lori·d iu 
lar~•·r pa('kal,!t':,; afl,·r lwiu~ ... hi11Jlt'd in slill largn piH'kag4•:,; ... 11111 ~o ,dmosl fU! 111fi11itur11. 

\\ i I h i11 I lw p.i,-t ,l.t y:-. w,· iu I Iii- l',wifit· Nnrlh w1·~1 lrn ,.,. l'n·,u tt-d \ arious .Stu lt· 
1·11, iro1111w11lal ,·ommi,-;:,;iou!-, ,11111 1·ourwil. .. , i11d11di11ir ,1 r\ud,·ar Siti11,:i; Evaluulioi1 
( :011114·il. Al,.o, W4' hav,· nm,-iclrn•tl ~,·,Tr.al fon11i-. of :-1·ashorl' numa1.wmcr1l 
11· l,!11-,l.1 I irn I I 1u t i 1,- u tlim 11k jf..,..i1,:n ha ... 1ml h1·1·11 ildn111 i rwd. Pollution in tlu
",.,. I Ii" n,1 j,.. 1111 I~ in fn·1111r1l ti~ ,1 pu l,lit· li,·i1llh prohlnn liu t. ai- ~ Ir. Wall.J ◄ '4• 1u •in ll'll 1111I. ii i~ a N u·ial prolikm ;md 11111:-;t lw tn·at1•d ,1,- ,-11d1. 

ESTUARIES OF THE COAST 

'I lw l',wifir :'\ortlm,·!-,1. \\Jlh tl1,· ,·v1·1dior1 of tlw 1111111111 of tlw Columbia HI\ ,·r .aud l'ugd .-.:nu 1111. j,.. n·u1;1r~.tl1I, pour in •·~tuari,· ... ; tlwn·for,·. tlll' 0111·,- Wt' 
88 
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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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d .. 11.1\d' Con,; Ha~. Willapa llarhor, Crays Harbor and Port A11g:d1·s Harbor-art' 
\\I'll ikn·liqwd a:- :-hipping poinL-. a11d porls-of-<'all with their ae<·ompar1)'i11g 
ir1du:-I ri1'.~. prim·ipall~ tho1:-,1• associat1·<l with lumbt•r and pulp and paprr, Tht•i;;e 
industri,·:-, altlwugh fairly seven· 1.olluter::- in tht' pa:-:t., ar,• i11 th•· process of 
im plrn11•11 Ling Hl t'at-iures in ordt'r lo med the fairly new ( 196 7-Ml) state 
:-:tan d,ird:-. The latter, in tum, have hc,~n approvt~d by tlw apr>ropriat,• Fcdrral 
ag,·ncies, as provi,fod by the Federal Watu Pollution Control Act. Thi.!:-1 Act says, 
in 1·:;snH:1·, that t·ither each State shall set ih; own wain quality i-landards and 
hm·1· llwm approved by tht> Federal <igency, or thi· F1•d1•ral agrnC}' will set the 
sla11danb (Anon., 1967). 

From 1'-outh to nortl1, tlu· art•as of major importa11{·1• art": 

Toledo, Oregor1 - G corizia Paci fie t:orporalion op,·ra tt'~ a Kraft 11rocl"ss mill at 
Toledo, near Newport. The dllurnt is pipl'd ninr milei:; acroRS land and ;J,000 
fi•d into the ocean. Oregon State linivcrsity (J. Carkr, Oregon Sanitary 
Authority, personal communication) conducted studies of the outfall area 
and found i:;mall amounts of fiber, hut gcnt·rally no real ,,rohlem. 
Columbia River-On f'ehmary 2, I 970, another nuclear reartor of tht• original 
eompl,~x of nine at Hanford was shut down, and only one was l1•ft in 
opnation. At one time, as mally as 1,000 curies per day, of tht> 2,000 curies 
of radionuclidcs discharged into the river at Hanford, reached the estuar)' and 
tlu~ oei·an (A. J. Seymour, University of Washington, pt~rsonal communica
tion). Some of these nudidcs were pich~d up and concentrated by marine 
organii;ms to the extent that a relationship exisu; between the dnlinc in 
radioactivit)' of some marine organisms and tht'. schcduh~ of shutdown of tht' 
reactors. Salmon using the Columbia plume as a habitat picked up lhc 
radioactivity and carried it in dcteclahlc lt'vf'ls al th•~ time of capture in the 
nortlu'.rn California area (Kujala, ct al., 1967). 
Grays Harbor- Ray on i,·r o per.a le,; a sodium Last· pa pt'r plant a11 d Wey erh aust·r 
opcrak,; a magnesium hasc paper plant in Crays Harbor. Tht·l'>e particular 
proct',;,ws are not involvl'd in tlH-' Federal action. At Linws. parti<.·ularly during 
low flow p!'riodH, it is foll that a significant pollutio11 problt•m (•xisb. Salmon 
planted low iu the cst:iary <.·onsish'11tly haw i;.hown higlu·r ,;urvival rali'R than 
salmon planted in the walt\rsht·ds of tht• 1•.stuarit·s. Tlw din·ct dfocu; of 
pollution and the inkradion of 1m:dation havt• nol bi·t·n separate,!. 

The latest of the prohli>ms to af frct estuaries in th 1· North wcsl is that of 
landfill and development. Such has bcrn 1•roJH)s1·J m1 a fairly largt· :-;(:al,· for 
Grays Harbor. tleside,; lht· usu.al los..i.; of watnfowl hal,ital and mirst'f)' art'a for 
marine fishP:s, tht' ('ffcd:;; of the loss of a tramition art·a for the anadromous 
salmon and trout is not known. A major ~lmon-producing riv('r enters into 
(;rays llarhur in tlw area of the propost'd fill, and undouLtcdly the salmon 
and trout runs in lhc area art" adapted lo an t'xistence that requires an estuary 
in their life history. 
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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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Fig,m· I 

l'orl A nl{rles• The Crown Zdl1•rhad1 111,rn l ,11 Port A ngdcs mes a kraft pro1·,•M, wliid1 do,•,.; not lia\i1' tit,· disprn,al prohlnui- of tlw !o-Ulfitt• pnw◄ •ss. Corn·d i,·,· 1111·a:-itr1·!i, indwling primur~ ln•al 111,·11 l, i-ul11rn1ri11 ,, ou Lfall. und l 111· r1·111ornl of :--liull,!t' dc·posil:-, an· lwing 1·011!ii1kn·d I,~ Lill' otlwr plau b (Filwrl,o;m{ arnl Hayo11i1-r, Inc of l'ort A11g1·li·s): liown1·r, tlw st.ige:s of 111•µ:oli,diow, ,lrl' 11c,I 1-nown lo II!-. 

PUGET SOUND AS AN ESTUARY 

Puget Sound Pulp Mills 

Tlw c11111ro, IT:--\ iu, oh 1111,! lhi· 1'11~1·1 ~ot1111I pulp mill:,i (Fig. I) is .i l011g .md l,itlt'r 01w. l,111 01w ,d1id1 1:-- app.in-1111~ l,!:ning In 1·1111 in ,1 quill' :-;atisfa('tory 



I»e Effects of Pollution On Estuaries

 »»<'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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1·111wln,,io11. l'.i:-1 --tudic,.:. ha\t' :-ho\\11 Iii.it :-ulfit,· pulp-mill \\.1:--k:- ,1n· harmful iu 
~n,·ral \\.J~:- ( \11011 •• l<)fl7li): 

1. Tlw~ may lw i11j11riow, to j1ni·11ilc .,almou wliil1· mig:ralir1/! throuµ:h h.irhur:-. 
a:- iwlirntt•d b~ livt· hox sludi,·:-. 

:.!, Thn· may :-11p11r,·:-:- ph~ topl.ml..1011 adi,it~ in th,· harl,or. 
:1. Tlwy ma~ c,111:-.- din·,· I d.1111,11!1· Io o, :-In l.1n a,·_ 
-l. T lw ~ 111.1 ~ in 11 id d i rt'(· l d.nn agt· IP I lw 1•14?::- of tJ 11· E n~I ish :-olr. 
S. Tiu- :-ludµ;,• dq10,-.i b- .in· ddrinu-11 lal lo hollom orgm1i1-111:-: 1111'~ tlq,rr.:1111· tlw 

walns anti 111.11-.,· lhl'm 1·:-ll11·ti,·.11!, u1mllradin·. 

I. Primar~ tn·alnwnt of slu,lg,· l1y n·mm·al of :-dtkalil,· :-olid:-. 
:.!. H,·1110, al of HO prrn·11t of tlw :-11 I filt· was ti· li1111or from tlw mill ,·ffliw111:-. 
3. Wlwn applil'abl,·, tht· di:-po:-.al ,md diffusion of r,·sidual wa:-11•:- i11l11 1lt-qwr 

wul.-r:- hy mean:- of suhmaritw outfalls. 
-t H◄ ·111 m al of sludg1· lwd:- b~ dn·dging. 
5. l\lrnlifir.1tior1 of th,• unlomlinµ: of tlw h.arµ1·:- of wood d1ip:-, 

Tlw pulp and p,ljwr mill~ in B,·lli11/!li,u11 Bay, .-\nat"orlt·~ a111I En'rdt B.n. 
indutling Cn1rg-i.1 Pac·ifit· Corp .. .'-irn!I l'apl'r Co., tlu- \\.-yerh:m~•r Corp., and 
tlw Simp:-011 L(•i· Co., ,In' i11 \ariou:- :-laµ:,- ... of l'ompl~·ing witli tl11· rf'/!11l,1tio11,-, 
although ,.;tJlllt' 1wgoliatiou:- ar,· still ~oin~ on. Tlw ddail:- of thn1• t·ompln 
prohll'rn:- art· :-till lwing nq.rotiatc-d hut w1· may a:-::-unw tlrnt thr 11rohk111:-: 
assol'iafr◄I with pulp mill,.. will lu- 1ldi1wd, darifit•tl. and :--oh·,·d. 

l'ugd Sound i:-: , ·i I hu 0111· laq.:•· ,•,-I 11.1ry with th rc·t· or four 111.1jor parb. or a 
i-., st,·111 uf ,·:-:tuarit·s op◄ ·rati11g 1111dPr th.- i11ll111·1w,· of 0111· tidal m1·cha11i:-111 and at 
l1•a:-;t ,·ight ri\'t·rs of co11:-1·4u1·u1·P. Tlw ha:-:ir1 1lrai11:- :-onw 11 _000 :-1pwn· 11a11lit',tl 
milt·i--. wilh 1'11gd Sou ml prop,·r t·o\·c-ri11µ: aliont 7(17 s1pwr•· 11,1111 ir.il mil,·:-. Tlw 
So1111tl h,1:- ma11y inll'ls aml t'lian,wl:-, hut 1·.111 Ju- <ii,i,kd into four 111.1j1,r 
an·a."' lht' main l,i.i~in, or Northn11 Puµ:-,·I So1111d. 1·xk1uli11g from :\dmirnlt~ lnld 
to tlw Tacoma \arrow,-: i-.outlwrn l'ugd Sound, fn1m tlw Tac·oma \arrmH 
~uu tli w.:ml: 11c11111 ( :anal .11111 I ),ii 1c iii I l.1 ~ , a 11.1rn ,w w,·:-krn fi11g1-r c 11' tilt' !-- 1111 rnl 
,·xtnulin:r t-:outliwanl from A1lmirnlty I 11!.-L a11d a ~,·rii·~ of" al!-f"\-\,1y :- to tlw •·a:-1 
of Whidlu•,· 1:-land. 

Other Pollutants of Puget Sound 

Four major typ,·t-: of wa.--t,·s affl'd wa(t'f quality in Puµ:d Sou ml: 

I. Wa:-k:- originatinl! from th,· wakrsht'd~ of tlu• ri\.-Tr~ tfiat drai11 i11to PuJ!d 
Sou ml. 
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Fjgure 2

'>. 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

Afternoon Session 

:?. I )onwi.;lic· wasll'i-, tn·akd or 1111ln•afrd. a. W11s11•s ditwharg:i·d from 1'.cunmnrial and r1·1·r,•alio11c.1l :,;hippirqi;. 
,i, Wastt-i- from i11d11:-trial firms (sud1 as tlw pulp mills) lo<"al1•d on tht• hanks of dw Souud. 

llata 011 wa,sk productio11 haw he1•11 ol,tainl'd hy multiplying rcgioual •~conomir fort•('ai.t-; by e1H"ffieir11ls of wa!,lf' pn uuit of proiluction. Thesr crn~fl'il'it•nlh of wm,fr production wt·r,· d1•w~lo1wd for most of tht' important wash• di:whargrrfi. in t)w Stak of Washington, and tlu: wasfr pro1ludion for futun· yi•ari; by an:a wa~ th,·n d1·ri\·1·d from thr n·gional 1•c·orwmic for1·rasls. Thr preliminary rt'titdt!i of the•~· unaly:-•·:- an· now avuilahk for all of th1• major rivrrs i·mptyin~ i11lo Pugd Sourul. 
Tlw 11ll'lho<li,; that luiv1• hn11 1J1·\·,,lop1•d fur rnu11ag1·1111·11t of coastal walc'rs and tJw ··opt'll walt-n." of l'ug,•t Sou ml art• not applicaLl1· to small,-r t•stuarin,. Th,• approuc·hri,; 111-wtl lo cldirw wuslP <1:-....,imilation 1·apudty and da11g1·r points is much morl' dil'fi,·ult lo apply i11 the· ,·stuarirw e'11Yirontr11'J1l. Estimal1•s lrnv1· ht•,·n mude for l'uµ1•t Souuil al-i u whok a11,J ,ili,;o for the• major anns of l'ugd SoumJ, but uumy frng:il,· 1·mhay1111·11b .md ri\·1·r mouth:- an· i11d11dl'd in thcst· larger art•as. Tlw Parifi1· Northw,•st is rnpidl~· approuchi11g tiw point wh,•ri· risin~ dt•mand:l'or pow1·r must lw mi'I from tlwmrnl plunb. Pow,·r dt•mands indicatr a markd fur 11011-h~'drol'l1·1·tri1· powi•r ... oun·,·s tl1ul is PXfll'l'lt'tl to requir,· planl-.; of .1ppro,i111at1·ly 1.000 nwgaw,1tl n1paeity to h4• .uld1•d l'aeh yt>ar in th,· Pacific Norlliw1·i-l u,·,·r a ,wrirnl of at l1·a,o.;( :m y1·ars, sl.1rti11g in tlw lalt· 1970\. 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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Figure 3 

requires a !rad tinw of at ka:;t IO ynms. Thus, the first pla11b an· being sitPd 

now. Lota tio n s u nd n various stag cs of eo nsid 1·rn t ion i 11 dud t' Clwrry Poi II L 
Kiket Island (Fi~. 2), Samish Island, Rooscvdt B1•ad1 011 tJH' t:oast, and D,•quim 
Bay 011 thi• 01 ym pie Pe11ins11 la (Fig. ;i). 

Thi• prohli·rn of finding a t-uitable sit,• arnl ohtai11i11g lll'rmis . .;ion to opnal◄' a 
lhcrrnal station is still a romplicakd one. 111 tlw ,:asi· of a 1111d·ar unit, tlH'rt' art· 
many Ft·dernl reslrictiom that must lw met, primarily thust· of the Atomic 
Eiwrgy Conunisbio11, and tlwy 11.1rrow down ib location to a ('u11si<lrrablt· dq~rc·1·. 
Tlu·st~ n·q u irl'm en ts art' conn·nu·d w itli 111·.mu·ss lo prrs1•11 t or projt'c tc-<l load 
ccnkrs, the cou figurations of lmal and tlw alrnmla111·◄• of n1oling wafrr, and tht' 
matching of the :;ill' lo tlw n·ador-sili' crikria i'siablislwd by lltt· AEC (Ti tit· I 0. 
Code of Fcdnal l{,•gulatior1s. Parl I 00). Propn rn11sid,·ratio11 must als() lw 
accord,•d such fad or::; as lot'a Lion and d t' 11si l y of po 1111 latio11. and geo ph y sir al 
(primarily seismic) antJ III de·< in 1logica I co11 dit ioni-i. 

At first st:rt·en i ng, th,. poll'11 Lia I art·a . .; for p 1,m I 101:a lion are chosen hy the 
µ;crwral crifrria !--'f m·anu'!-i:,, to population tT11kn,, availal,11' wall"r, and general 
Si~isrnic zoru·s. Sp('cifie sill· lon1tio11 demands much do.'-wr sc-rutiny involving 
lK1ri11gs, drillin~s .. .;lwli,•s of sca:-;onal wafrr <'urrn1ts. arid th,· 1·staLJi:,;hmenl of an 
on-sill' rn dt'( )rol11g-il-al sta tio11. U nfortu na td y, these drtailcd sl u<lit.'s arc usually 
not feasible until aftn tlw uUlity company either has purcha1-◄ •d lht' property or 
has announet~d il!-i inknlion lo I.mild. 
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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
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Figure 4 

Almo.,,;l witl1011t foil, tlw fulfillmrnl of ull of th,• physical crit,·ria pla1·1•:- th,· planl i11 t<illwr .111 1•:;tlu-tic·ally pll'a ... inl,.!; an•.i or onr utilizc•d by valuahlc• co11111wrd.il anti r1·1·rt'.1liorrnl s1w1·i1•:-; of fo.h aud slll'llfi:-11, or hoth. Thu.-;, tfw llu•rrnal pl.1111 iw,·onws a parl of tlw loral 1•11viro11nwnlal t'('ology arul will d1.ar1~4• ii. Nol .ill dwt1j.!1·:-; 1w,·1I lo lw ddri11w11t,1I. l1owl'vn, .arul Ow dq!rr4' of ('haugi• t'illl lw n111!rolk,f lo ii larj!1" n k11I hy 4f1u- ronsill1•ralio11 of thP hiologi<"al facto~ i11 ii:-; 1lrsig11 a11tl opnalio11 (~;do, I 1Jh1)). 
I 11li'11:-iv1· sl 111li1· .... of tlu• Kikd lsl.11111 ,-ih· ,m· umkr way hy du• Fishrri,•:-; 1{4,_..,,·.1rd1 lw,lit11k :uul tlw J)1•parlnw11t of Ona11ogr.iphy. llniv,•r,-ily of \V.isl1i11~tc 111. 

Tlw Fisl11•rin H rsr,m·l1 111:-li I ult• h,1s ,·c 1111 pl1·1t-d a thn·r-) t·.ir :4udy on tlw l>uwm11i:-l1 F:-lu.ir~, whid1 ni:-ls i11 Ow mosl lw,n·ily indu .... trial1znl ar«~a of 
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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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S,·attl,· (~alo, i\.l:< \lilla, d al.. lfJ67). Th,· !\l1111idp,1lit} of ~ldropolit.111 :-,,•attl1· 
(i\lETIH )) wa:-; 1•sp1·1·iall) ,-r,•alf'd to soh·i· th,· srw,1~1· prob/1•111:-; of tlw S«·attl,· 
1·sluari,·s. ,is wt·II ,Is lo li.dt tlw 1·ulrophiratio11 ol' adjal'f'!ll Lake Wm~hiu{!;IOJJ. 
Puri11g: tlw pa;;l ) ◄ ·ar. 1J!'i 1wrc·1·11 t of tlw 1111 ln·at,·d :,,1•wa,!!:P has lw1·11 divc·rt,·<l from 
Ll11· Duwami,,h Hiv,·r lo ~1 prinwry tr,·alm•·nl plant. 

Exl••w,iH ,bm~•· ha:,; ns11llt'1I tu n,luaril's l'rorn land mi:-;ma11.1~1•m1·nt (Fit-,rs. 4 and S), 1,u I som 1· of tlws1· occ11rr1•111·1·:,; ar,· :,;o 1:ornm 011 plm... tlia I tlwy ar1· 
rq,:.:mkd w;, part or th,· s1·;1so11al 1·1·oloµ:y in many ,trl'a:-i. B 1'/!llla tor) a~1·11ci1·s and 
1111lilil'. opi11ion havr 111·1·11 rouc·1·11lr..1tir1g 011 till' mori· oh\'irnisly rrilit:al prohkm of i11d11,-lri.il mu! douwslil' wa;,.lc•s ( Fil,!, h), so llwt ma11y of tlw snwll«-r hut 
1la11gwo11sly rurnulaliv" 1•wryd11\' inll111·1u:1·:,,; l111v1· h1·1·11 oi·,·rlook,·cl. 

( h,·r tlw 1011/! mil. !lw l!r1•ah·sl thr,·at lo oplimul US!' of tlll' l'ug-d Sound .... ysfrm i:-- 1101 po:--,·d !1~ ilin·d t• H,Tt:- uf imluslrial .u11l munil'ipal di .... d1arl,!t'S of 
w;1...;(,• on w.1kr tpwlily. I 111 llw i·oi1 lr,1r.. it i:- pos1•cl h) foilun· lo itl1•11tify ,rnd 
1•\·.iluafr 1·»luari111• 1·Hl'C't .... of land us,·, uol 011ly 011 th,· wal1·rfn111l. hut 11pstr1·a111. -\II of tlt1· i111porl;111I /'i:,,h am! sh,·llfi: .. h n·s011r!'1·s of l'ugd Sound an· \'lllrwrahlt· lo 
llti:-- kiwi cif 1·an•l1·ss ,In dopm,·11 t. Si.1/1111111. :--k1·ll11·.11l trout. mid q1l1hroat I rout n·quirr n. ln1si\ 1· ,-\ :--t,·111 ,- of small fr,·d,·r ,,;fn·ams tlial an• lwi11g :.;y :--lr111ali1·ally 
d,•slro~ ,·,I ( Fig. 7) I,, i111 prop1·rl~ r1·j!t1la1t-d l.111d U:,,1· for a\\·ay from P111,!:d ,.; 0111111 
ibdf. l)~ki11µ a11d d1a111wl .ill,·r;dio11. d1•:--ig:111·d lo impruv1· tlw <·,1rryingn1pacity 
c1f ri,,·rs ,tJHI 111 .illr•\J;Jl1· n,11ul ,l.1111ag1·s. rllil~ lt.1\'I' :-,1•ric,u:-- ,uh1·rs,· r·ffrds Oil fish 
sp,1w11il!)! ;11111 r,·-.l111g ;m·.i,,. \lth1111gl1 ~11d1 dt',·d,; arr· :-1q1po~i·d to Ill' a:--:--1·s.-.1•(l, in 
tlw c·oiir"'· of rn 11'\\ h~ 1l1r I ),·1•;1rl1111·11! of Fi~l11Ti1· ..... il i:- 0111~ with lfw utmost 
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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!.
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 lelicatc and viiliierable and are b< i»g <.iicr<i«ched»pon st<.adilv. Thus, it is
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Yi)!il.111ct· th..JL LIit' I kp,irlnlt'nl cil11 lw :.un· th..Jt all i11slllrH'1'i- art· brought tu its 

illkrition (Crult'h fidtl, d al., 1969). 

IN SUMMARY 

Tlw largt· problt•ms of industrial and domt:slic pollution appear to ht· under 

control; homwn, tht· picci•-meal d1•str11ctio11 of tlw :-mall 1•stmuic?'.i conlinut>s. 

TIH' principal offcndns arc municipal and port cxpamion, real estah' dt•vdopt•n-,. 

individual home' owrwri- that dt•mand flood coutrol, and prol1•dion from wa\'f' 

aetion. Of utmost i111porta11n· arr tl11• changn, hrought about iu lht• wakrsht·dli. 

The ocean in th,· Pacific Northwt•st ii-; still a trenwndum: Oul'>luT and nm 

assimilate considcrabk abust•. Nt'vnthdt·ss, dw ~horelint' and thi· estuary an· 

ddieatc and vulm~rable and arc lwing encroadwd upon steadil~·- Thus, it ii-; 

t>ntirPly pmsible that Puget Sound can remain relatively cool and dran-with 

rigid, vertically-cut, rip-rapped bank,;-and be surrounded n1tirely by Municipali

ties and housing dcvdopmrnL,;; of doubtful csthetic and social fates (:-.lmns). 
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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

THE SIGNIFICANCE OF AN 
ESTUARY ON THE BIOLOGY 
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OF THE MIDDLE ATLANTIC 
REGION 

William H. M888111ann 
U.S. Uurwm of Sporl /.'ishaie.~ and Wildlife, 

Wm!iin1<to,i, /J.C. 

Tlw mid-Atl:mlic rnw.;t - tl11· :-lrd<'h from Capti Cmk to Capt· llalleras~i11rl111!1·s u muhit1uli· of P~luarii•,.;, .UlloH:,(" whicli ;m• tlw lnwi•r r1~aehc:- of the Co 111 w•· ti 1·11 I. II ufl.,011 • :md I), ·I ii w arP H ivcrs, Lou g I slan cJ Sou u d , Narr aga II sl'l l Hc1y (Hhod,· lslaml), (;n-at Soutli Hay (New York), Banu~gat Bay (Nrw .krscy), Asi,;afra1-,rw• and Chi11rnt1·aµ:11◄• hays (Marylaml and Virginia), and the PamlicoCurril1u·.k-All,◄ ·marl1• Souud sy~frm (North Carolina). The largc:-;l, most vari1•d and most irn porlanl ·,·:-luary for .;u1uatic organisms in th,, mi(I-Atlantic com;tal ari·a i:- the Ch1•:-...11wak.t• Bay. Tlwri· forl', tit is is th,· t'sluary th.at I sh all US<' as an t•x.nnplr i11 thi:-. dis◄:11ssio11. Furtlwr. I am mon• familiar with tlH' C)H•sapf'aKt'. havi11g worhd tlwri· for ahuut I:. y,·ars. 

CHESAPEAKE ESTUARY 

Tlw Clw .... ap1·.1k,· Bay 1i- 195 mill'i- loug and vari,·s in width from :1.;; lo ;J5 111il1·s. It i1wli11IPi- :2,HHi,000 arr,•s. Maximum wain 1lq1th is 17.'i ft•el and mean 1J1·pth of IIH· 1·st11.1r~ is 2 I fr ◄ 'l (Wolman, 1968). Th,• major trih11tary is tlw S11!-o1p1t'lia1111a Hi~·n whid1 t'lllf'ti,•:-. into tlw 11orlh ◄ ·nd of th,· Bay ant) c:ontribuks ov,·r ow•-lialf of tlw total fn•shwat◄·r inflow. Tht· Hay its,H is tlu· drownrd ,lownslrf'aJll parl of tlu- Su:-1p1dw11ua l{ivn valll'y which was inuruiakd some I0,000 y1•,1r:-- .11,!n Ii~· u ri.-,1· i11 :--Pa Ind. Otlwr major trihul,1ri1·s i11dud1• Ow l'at 11., .-11 t, 1'11111111 ,H', Happah an 1101· I.., Y 11rl.., arnl .I a1t11•s ri,,:1•rs. Approx imatdy 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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add i l io11.1 I rivt>ri-; and c rt't' ks !low in to tlw Bay. The watPr,.;Ju·d dr.1int'd by 

CJwi-;a1wake lb, tributaries covl'r~ 64,900 squan· mil,·s in tht:' Stak::; of Nt'w 

York, 1'P1111sylvania. \Vest Virginia, Delaware, l\faryland, and Virginia. 

S.iliniti,•i, ra11g1· from rwar 30 part;,. per thousand (oct'an salinity is 35 parts per 

thousa11d) in bottom wall'rs at the mouth of tht' Bay to fresh waler at UH• head 

of tlu· Bay and in trihutarie::; downrivt'r from or at tlw ht"ad of tlw tide. TidaJ 

ranp;e is about 3 fret at th,· mouth of the Bay with tidal currents of up to 3 

kuoli-;. 

Supnimpoi;ed on the tidal cum·uls is a non•tidal circulation pallnn 

chara(·tcriz•·d by a seaward flow in Ult" uplH'r laycn; of thr t>sluary and a now 

dircdc-d up th,~ estuary in the bottom layers (Pritchard, 1968). Tht• nou~tidal 

flow, g,~,wrally only about one-fifth th.-, magnitude of thr tidal current, 

accdnalcs whi~n fr('shwater nrnoff is high and bt·conws weakt-r during periods of 

drought (Norcross and Stanlt'y, 1967). At times this innowing bottom current is 

dt>t('ctaLlt> a,; far as 35 milr.s offshorf' from the Bay mouth. This currmt ii; an 

important w~hiclc for transporting fish larvae and olher small aquatic organisms 

from thr ocean into tlw Bay and up the Bay toward freshwater tributari('s 

(Prikhard, 1951 ). At the ,·xtrem t' upstrf:am end of salt watn pcnt'lralion the 

bottom watns bccomt~ mixed with !-,\lrfac,~ waters. Sediment, ddritus, nutrit·nls, 

and small aquatic organisms often become trapped and recirculakd in this h.ghly 

productive part of the estuary. 

The marshes and swamps bonlt•ring the Chesapeakt- and its tributary streams 

are extremdy important components of the estuarillt' complex. Roughly 

one-third of a million acres of salt marsh habitat surround th•· Bay. A rrct"ntly 

complrt,•d survey of Virginia tidal wdlands (Wass and Wright, 1969) showed 

tlwrc wt•rc 21 :J,059 acrt>s localt~d in the Virginia portion of th1• Bay. Thi· 

wt'llands included 97,793 acn·as of marsh, 55, 623 acm; of orwn creeks, 38,058 

acres of wooded marsh. ,md 12,857 acrt·s of tidal flats. Thr n-maining 8,728 

acres were woodlaml, sand, pondi-, and dredµ;cd areas. 

Thr r.slirnry i~ a transition zrnw in whi1·h tlw fn·sh wat.-r from the land 

hecor111~s mixed with tilt· unan watcri; and is affrded hy Loth, Biologically it it- a 

most producli\11' an·a. l\kllugh ( 1967) pointed out that annu.il fi.,h hal'\'t·st from 

tlw Bay--Loth sport and comnu•n'ial--amouul."' to about 125 pouruli-i per aert·. H,· 

further :-.ugp:t·sll'd that tlwrc ii-; ~ pokntial for han·1•,-li11g 600 1•m111d,.; 1wr aen· 

from Hay walt'rs. 

AQUATIC ORGAN ISMS 

Fish 

I 11 1966, th•'. i ~om nu·rc ial fin fish harvest from the Chesa pea k.e was 303 .6 

million poumls. Acl1ling oystrr and clam mt•ats (27.8 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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crah,; (95.1 million pounds). tlw rommPrcial h.irvet-l lotall1·d 426.5 million pourul.'- (Ly l1·s, 1968). B mw d on tlw rcsu II s of 1-, po r I fishing :--\Jr\'t ') ·" for par L'i of i\lurylarul in I 962 (Ebwr, I 965) and Virgiuia 195:3-1960 (Hid1ard1-,, 1962). th1· t'.l'>lim alcrl annual total !--port catch from thi· Hay was ahou l 22 mill ion poundt< (Stroud, 1965). Total l'icla harvt~sl i11 rcccn I years i.-; thus dose lo ont'-half billion poundH. 
In addition to providing ,.;om1• :125 million pounds of fin fish diri·ct)y to Clwsa111•ak,· Bay fislwmwn, th1· Uay St'fVf'S a!i a nursery an~a for fish caugbt from l\-1ai111· to North Carolin a. For th r c11 lirt· A tlan lit: coast, Clark ( 1967) liRl!i 19 diffrn•nt kinds of ,:ommcrciul fo,h that an· directly dqwndP11t tm estuari1·s. Thi• i.lri1w«I hai,,.", w1~akfo-J1, !st'llfl, hlack scahass, ,;umm1•r floundiT, a11d king-whitinf! an· nampks of fish that may migralt' to coastal wain~ aft ◄ -r spending al l1•asl part ol' th()ir firi.l ) 1•ar in lhr r111trinit-ladc11 Bay waters. 
Sonw ;19 milliou p0t11HJs of ,-lrip,·d ha;;1:; ('ould lw attribufrd lo tht· Clw ..... 1p1'.ak1· i,1 19fJ:i. Bay 1:atd1 for that y1·ar was about 14 million pounds -the comrru·rcial harv(·st was rwarly (, million po1111di- and sport harvest was at least 8 million pouruls. Ju ad,lition to tJu· Bay catch, i-ilri1wd bass migration studi1•,; (\lrrrimau, 1941; llarwy, 1952; Porkr mul Saila, 1969) have sugg<'sfrd that al k:.W orw-hal f of all tlu· strip1•ri,; tak1·11 iu /\ tlanlic coast waters originatc<l i11 tlw ( :lws11p1·ah. Sonw aO million pou111l!i may h.1v1· lwf'n tak,·n in coastal wain:.- sporl l'ali'li from 1hr North Atlantit- wa:- 1·stimatt-d as sorm) 48 million pouudi. for I 1Jh!'i (lli•ud .11111 Clark. I 9hH) and N,·w Enghmd and mid-Atlantic n11n11wn·ia/ •·alch i11 I 'J(,!. was 2 million pounds (Lyles, 1967). Half of thi• i-lrip,·d lws:- in tlwi-t· i·atdws prohaLly originati-d in the Chi~!-iapcakc. 

L1•i;s al11111 dan l than i11 tlu- 1930 'i- and 1940 \, tlu~ weakfish has b1•t·11 among llw mon• priznl oJ' hoth g.un1· a11d c·mnnwrci •. tl fii,h. Studi,·s hy NcRbit ( 1954) aruJ l'iTl11111lh'r d al. ( 19.ri6) allrilrntnl th,• t:ollapi.c of lht'. fishny for W('akfish in N1·w YorJ.. wains lo 1111' ovi·r-han-'1·st oft-mall w1•akfish in Virgiui,:t. Thi· 1·vidc11cc slron:,:ly :-11µ;µ;1·i-ti·d tliat jm't>Hih· w◄ ·,1kfo,h rr,m·d in Ch~s.tp1•akj' waler.-, migrated 11orlh to l'1H'W York wah·rs as thi·y hnanu• larg,•r, and provid1·d a suh:-tanlial porlio11 of tlw Nt>w York harHhl. Studi,•s 011 tl11· agi· ,·ompm,iliou of Bay-caught w,·akl'iish showt>d tlial comm1·n·ial c.1td11'!i wrr,· Jomi11alcrl b, 01w-\1•ar-old fish (\ta!v-111a1111, IW,:l), · -
I 11 /ah· spri11g mul i-umm,·r, snip mov,• from oc,·an spawni11g grounds to 11ur~1·n ,1rra ... in soullll'rn C:h1•s.;qu·ul,.,, Bay, whn" thl'} ar1· tlw rnoi-;t abun<laul ho110111 l'isli ,luring summ,·r 111011lhs. Although moi-.l 111111wru11:-; in tlw llay, you n~ 1-,1·up .ir1· .il,-,o pn·si·nt i11 c·oast,il waln·s. Tlwn·for,·, thi· Bay is not tlw only nur:-.i·n µ,ro1111cl ,1,·ail.1hl1• to lli,·111 (Clark d al., 1969). TIit'}' J,·aw thi· Bay in foll for wi11 l1·ring l!round:-. i11 w,1rnlf'r. off:-l111r1· wati•r,;. I II spring, ~cup mov1· north to nwslal \\ ,1frr~ 11f IJd.m.m., Nrw _fi,r:,;,•), a11tl Ni·w York (Ni·vill1• and Talbot, l!)fd) . ..\ ,-,im,lar p.tlkrr1 of 11111,1•1111·nb llJl(IPi.tr:-- lo 0(·1·ur in ollll'r fii-lwi- such m; su 1111111·r Uou rn In, I ,l,w k ... 1·ali;i,.;,-., a11d k i 11g-wli it i111,:. Tl11 •st· P\ am pin, i II us Irate tlw 
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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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imporlatWP of th(' C\ws.1p1·akc 1'sl11.tn lo fi:-J1 a11d fi ... !wrii·:-- of tlw lb, ;11111 of tilt' 

Coa:-clal w;ilt·r:-- lw~ nm! llw Bay. · 

Estuarine Pests 

~ ol all a•pia lie Ii f 1• of tlw Clwsa1waki• j,._ d,·sirabli·. Till' jdl ~ fi:--h or :-i·.t 11d tlr is 

probably the gri•a tc&t cfrfrm• 11 t to a11u at ic rt'(Tt·alion, 1•..;p,·i·i.111~ -.w i mm iuj! u11d 

walt'r :-;kiin~. Tlw hordi·s of 11dll(•:- that thrin in tlu· Bay (luri11g ..;umnlt'r .ire• ,1lso 

a nuisanc4~ lo commPrcial and sport fislwrrnPn, 111111 l'ompd1· lo!' food or prn 

din·ctly on larva,· ol' hoth finfo ... h and :--lwllfi11h. A do:-t•I~ n•l;1kd but not Ml 

pain fu I pc11l is the L'om h jelly or dn,ophon·. This walm, t-:-ci 1.1·d animal prrnlu1·1·s 

brilliant, lum irwt,t::,·nt flaslws when di11lurlwd i11 tlw watn .it rugh t. It is mur,· 

vorarious than tlw jl'!lyfish .u1d, in aliurulmw,•. ha:-- lu•pn oh;;,•r\"d lo ~•,·4•r1·I~ 

reduct· the .imou 11 ls of 11lankton il· animals, fish t'!!",g" mul Ian ;w. and jd I~ fi:-11 

(Van Engel and Jost•ph, J 960). 
ThrPt' additional dcm,~nls in tlw mptali(' t'stuari1w faun,l ar,· d,·strudi,.., ur 

annoying. T hn,t· an• th,· sh i pw orms, which art· not worm:- ill all bu I 11111ll11:-c·s. 

Tlwy caww exll'nsiw damag1· to tlw hulls of woodi·n ,·,•s,o,;1•1:-- ,11111 Lo w111u!t-11 

11iling. Thi' Lu1rnadcs an· also a 11uisann to lioakr:-- and ofl1·11 I.ii..,· up .~p;1i·1· tliut 

might oth,·rwi!-.t' Ill' llht'.d hy o~ stn.-. for sdtilll,!:, Tlw oyslPr ilrills arr ,innllwr of 

tlw ddrimcntal aquali•: orguuisms of tlw estuary. 

Two of ttu- i,u,,•ct inhahilanb of cstuarint• marsht·s ari· so a11110~ ing 111111 

generally known lh.it prohl,•ms thry caus1• m·t·d not lw f11rlhn dr:--,·rilwcl. Tlw 

saltmarsh m osq ui Lo aruJ grt·en-lwaded 11 y an- Loth atprnt i1 · i11l1alii l,111 l:-. of I lw 

estuary during their t'arly Ii fo stagc•s. Ex IPnsivt· marsh ti i k iug. 11 i td1 i ng. d r.1i11 aµr. 

aml fillinl! activities an· ofk11 dorw in n·spon~· to tlw mo:--quito l'r11l1lr111. Too. 

wi•lespri'ad pcslici<lt· .-;prayi11µ; program:- hav1· in th,· 1 ►a:--l q111:-i•1I ,., lt-11-.iw damal,!'' 

to non-tarµ,-l'l t~sl11ari111• animals iududing c·ral1s. fisl1. ;uul birds. 

Estuarine Birds and Mammals 

Watnfowl, short· hirils, ollwr :up1atic l11rd:-, and aquati(' 111,1111111.ib ,in· dnsd~ 

associated with tlw Uwsap1·ak1· and its 11wr ... hl,n11l:-<. SomP :Vitl,000 t :a11.ula g1•t·s4·• 

550,000 41uch, and mau~· thousand:-. of our wl1i."llinj! swan-. , .. i11b·r in tlw 

Clwsapcaki• estuary. A fpw lil.11·1.. d111·ks ,md th1· wood clw·ks n·mai11 for th•· 

summn LrecJin~ si·aJ.;.(Hl. For llw ollwn,. tlw LlwsapPak•· i:- a grl',11 wi11 kr 

pastur4~. In th1• opt'll Bay walns loon:--. ,.cokrs. and old :-.q11a" an· ruo:-1 

pr1'.vaknt, whik in ks.-; sali,w wall'r:-. of till' up1u-r lfa)1 th,· J!old,·,w~r. _-.c·aup~. 

liuflli,hf'ml, ruddy d uek, can vasha,: k, rin~·11t·c kPd •I uc k, ( :il11.ul.1 g111 ,:,.j•. n ,r

moran l, mcrga 11 s;:rs, arul 1-,rr1·lw!-i, an· mor,· mrnwrous. In Ll11· fn·-.lwr w.ih-rs 
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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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associated with the marshet,; tht• hlack <luck, hhlf'-wing1·d and gn·1·11-wi11gl'd kals, mallard, µ;adwall, widg(~on. pintail, i;hov1•li-r, wood dm-k, rails, lwrons, a11d ''61'f1'll:> are mon· common. Thi· muskrat, mink, racfoon, a1HI olkr af.-.o Ii,,· i11 thes,· rnarshPs. l'orpoi.s◄ ~i; gt·twraBy 1·nler th,· Clwsapt'akr during the wann :-eason, ,louhtl1:ss attrack<l hy thl' ahuruJ,rnc1· of fish. Only ran·ly h,~Vi' whale:; Llundcrcd in lo th~ Cht•saprak1• Bay. Such infrtqucnt occum•nc1•s, while th,·y atlrad much attention, generally end tragically for tlw whale. Alw associatr<l with the Bay arc the .sea gulls, terns, snipes, sandpipcr.s, and ,t host of othn uniqut' shore birds. l n tlw pr1:c1'.di11g discus.<;,ion I have briclly ,h·scrihcd th c Clu•i-,apt·akt• n,tuary; indicakd some of tlll' more important aquatic organisms arid poi11t1·1l out tlwir abundi.mc:t>, and shown Ly 1'.xam1,I•· that lh◄•.ir irnpad oft,·n PX kruJ... far bcyo11d the Uay. In th,• following st•diorn,, I will in<li,·utr wl1y th1· rsluar)· is important and discus:-; :-;om,· 1•ffrd1, on aquatir or~aniw1s of major c·ha111;t•:-: in th•· ,·!-luari11e cnvironmcul. 

ROLE OF THE CHESAPEAKE 

Tlw Bay is a m osl prod uc ti\1(' a r◄'.a. It is t•np••c iall )' import an t as a nu rsn·y 1,,.rrou111I for young fo,h- not only rt•si1lt-nt s1wri1·s :-;urh ai; whilt• 1wrd1 and whit,· l'.lllfii-h, hut al:-:o .111<1-dromous Arnni1·un i,}wd, rivt•r lll'rriugs, a11<l stri1w<l bass and fo,IH's ·"I"' wm•d off!oihon•, indud i ug A tlan lie nu•uhadrn, spolk<l hal,·, Atlmitic <"rollkt·r, mul i,;pot. Furllwr, somt· stidion:- of tlw ,·stuary art· for more important rui fo;h m1n;1-ry J.,'l'OUJHli; than arr oth1•r iwdions. The low salinity portion!- of tlH' nortlwrn part of th,· Bay and tlu· corrPspo11ding portions of th1• major tidal Lrihutarii·s ar" tlw mo!il productiv1' zuw•s. 111 tlws" areas, thr larvat~ of resident fo,h, thost· of fish from other parts of d1f' Bay, and lht· larva,· of offshore fish conh'l't'f.!al1· aud ~ow. 
I pointf'(l out rarlic·r that tlw mott• saliiu·, i111lowi11g bottom lar•r.-; of waler lram11ort fish larvae an<l othn pla11kto11 to tJw Bay frorn offslion· and up tht• 1·stuary towanl frpsh walt'r. N,•ar the uppn limit of .--all watt•r 1u•nt"lralio11, thetif' ('Hrr,·nb n·(·yd1· and trap nutri1·nts, s1·<lin1t•nl:,;, lll'lritn;;, and planktonit: or~1111ism!-I in th,· ar,·a (Sd111lwl, 19<,B). Tlw wafrr iu this nwst 11rO(lurtive zom· supports 11 1.ir~t• population of plank tonic· diatoms ,md algae. llowt'V4'r, tlw most i111porlm1l pro1lut'lim1 ii- from tlw m,1rslws. Awriqi:◄• "umnwr wafrr km1wraturcs ur1• higlwr i,1 tlw hif!hly produdiv" ar,·ui- aml ,lisi.olwd oxygt•n is lowt•r than in oth◄-t 1,arb of tlw 1•;,l1rnry (Va11 E11g1·I .uul JoSt•ph, 196H). Amo11g the reasons for tiw hi1,dwr t1·11q wralu r,.,., ,uul low t·r ox y g◄ •n vahws nmld ht· that the l'X tem,ive p◄-timd1·r m ar.•Jw:- liold larg•· 1111antitiP!- of :-:hallow, quickly warmed water and J.,"'l"1·,1I ,1111ou111 ... uf orµ:uni(' nrnll'riul produn·d hy man,h \'t•grlation. 111 must .if tlw major trilmtari1·s, Llw :-horl'!im· in tlw highly 1iroducti\'t' arew; is 110111 iu.1 t.-d I,~ ,. x k11siv,· c·ord~rasi- ni.iri;h,·s i111t-rlu1·1•d with tidal ctt'<'ks. The 1·11rilgrn:s.-.1·:- (Spartirm) ,m· llw 111m,1 ,1l111111la11l arul mo"'l im11orlanl of 1111· mar.sh 
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wgl'lation. Production of cordgrasses in Virginia 'f; estuarie,-, a.':i .,huw11 Ly lht· 
dry W<' i!!h t of b'Tas!- harvt'stcd from sam pie· plot!.-, rang1·d from 3 to IO tons per 
acre (Wass aiid Wright, 1968). Average produl'lion wai- 5.1 loni,; per acre• 

annually. The <lt>ad cordgrass stems and leavc•s drop into tlw watn. In time, tidal 
currt'nts transport the decaying material into cn·t"h and largP estuary triLutaries. 
Decay by bacteria and fungi breaki:- down tlw cordgrass dctritu,- into small 
fragments and fine particles. ln thf' process, tlw prolPin valu,· of this material 
actually increases. 

Experiments with Georgia cordgra.s.s (Odum and d,, la Cruz, 1967) showt•d 
that the protein conknt quadruplt~d-- J)rotein for rPcently dt·atl :-:talks wai- 6 
perct·nt while that for decayed stalb wa.<; 24 percc·nt. The prott-in incn·a:-:1• wai
caus1·d by the bacteria, fu11gi 1 and other micrn•organisms as;sociatt~d with tht• 
decay proci·ss. The effect is that of a "Liologiul multiplin. ,. Also, a i,;ingli· 
particle may be consumed by uru· organism, stripped of its micro-flora and, 
following elimination and hacterial rt•colonization, again hr consumed. This 
process. may be repeated a half-<lozen times before the particle has brcn 
corn plctcly digested. Farther upriver, in the area where open marshes art' 

replaced by forestt'.d swamps, dead lt·aves which end up in the water probably 
provide a forage function similar tn that of thr cordgras..-;. Principal direct 
beneficiaries of tlw particlate detritus provided by the cordgrass arc gammarid 
am phi pods ( Cam marus) and opossum shrimps (Ne am ysis). Co pr I 10d s, dadocr
raus, and other micro-crustaceans also ft•ed on this material, as do it,0pods, nabs, 
clams, and or,ters. Tht• arnphipods and opossum shrimps an· among the most 

ahun<lanl of estuarine animals in this productive estuarine zone. Thi!i was also 
found to he the case in the low salinity portion of California's Sacram(•nto.San 
Joaquin estuary (Kelley, I 966 ). 

Fish larvae and juveniles feed heavil)· on the abundant rrusta,:l'ani:i. Food 
studies by Va11 Engt•I and Joseph ( 1968), on tlw most abundant of tht' youn~ 
fisht~s in this productivr zone, showed that dthn mysid shrimp or am11hipods, 
or both, were among the two mo1:,t important foods for white perch. hogchokn, 
hay anchovy, white catfish, i,;pot. Atlantic croak.er, weakfish, :;ih:er pcreh, and 
t,0U th 1•m ki ngfish. In sp i le u f <~x le nsiVf• prq1 i ng on tlw <.: rustac" ans by :-;ma II fish, 
the numbers of foragt~ animals wcr1· not dimini:-;)u·<I. W f'akfr,,h and stript·d bass 
also frd heavily on th1• abundant larvat' of bay anchovy amJ nahd gohy. Young 
striped basi:; in the Sacramento-San Joaquin eRtuary wen· ali:;o heavily dcpt·11d4•nl 
on both opossum shrimp and amphipods for food (lh·uhach, 19(1:l). 

Production of marirw fouling organisms--lht: 8c&s;il•· plants and animals that 
attach to oyster sh1•lls, pilingH, aml other 1•xposcd surfac1~s--wa~ found to b1· 
greatest at upr_iver, low salinity stations in tht· Pah1xt>nt River (Cory, l 967). 
During summer months-the period whe.n production was gn~att-st-the bar
nacles, hydroids, and amphipods from these station8 produced more than three 
times as much dry weight as they produced at downriver stations. 

Aquatic pl.ant production is also greatest in low salinity art~as, especially in 
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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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llw dParn w <-1\l'fii in the north,•rn part of Lhc Bay. Bn;l k1Jow11 a:- importanl walt-rfowl foodfi, Hw po111l w•Tdii, ed 1--rras.s, widgP011 i.,rra:-s, and olha df'strahk aqtwli<' planb ah,o provid1· l,oth foo<l aud siwlkr for i11\'l·rtd,ral1•f< ,111d fish. Wlwr1 they dii•, Liu·~· planL-; also aJd to tlw orµ;ani1· ddrilus, Two i11trod1u-c·<l a4uatie pl.ants;, lhi'. Eurasian mil foil and wa kr dwslnuL lwvi· both n·•luc1~d tlw pr()(luction of desirable plar1 L-; and ,rninial.s, imtwdrd wa ll'f 1·irculalion, .uul dogged watnways. Forl1rnal1·I\, ('ontrol rn1·a:-1m·t- haw n·duced tlw almrulat1n• of tlw watPr i·hf•filnu\, and .:1 disi·asi· has almo:-4 diminal1·d the l-:1 ir,1.-;ia11 rn ii foi I. 
l'rod11diou of pliytopla11ktor1 is gtf'ah'.r down riwr from l}H' high!~· turl,j,L low silliriity uprivl'f an•as. Stros._-; and Strottli-my1·r ( 19(1:i) al1-o worki11g on lllf' l'atuxrnt Hivn found lliat, .ilthouµh Ltw upHlrPam ari•a h.uJ th,· highi·st polt't1tial for tiro(ludio11 of d1lorophyll "a," actual pro1l11ctio11 was hrr,·.:1ln,l i11 Llw mort• s.1li1w wull'r:-. rwar thf' Palux,-nt H.iver moutl1. In thi,; part of Lflf' riv,·r ,Hlnual 11lm1l prwludion was 1•q11iv..1li·11l lo ahoul 2.') tons 1wr :u-r1·. 'flw rt•afion for thf· diffrrc1w1• hdwt·P11 pol1'11li,1I aml adual prml11ctio11 was that high turhiilili1•s in uprivrr an•w, r1·tlun,I li~hl 1w11dralion and photos~ 11lh1·sis. TIii' ovst,·r1-, dams, i-rah:-., ,11111 l"islws of tlw dow11ri\·1-r arcaii r1'1Tivi· iillbstantial lH'111•fib from tlw •lown-•·sluar~ mowm,·nl of firw dl'lritus in Ltw surfacf' flow, as w1·II ui-: frorn v,·p·lalio11 from tlw .-;J11irdi1w marsh,·s ,md 1·r1•1•ks. N1'vl'rllwl1·s~. tlw 11101-l i111pnrta11l prrnludiou iri llu- 1110r1• 1-alty p.irl of lli1· ,·stuary is providrd hy phy l 1 ,pla 11k t, 111. 

\Jysirl sl1rimp ar,· .ilso pn•.-;1•11l i,1 numlwrs in t}w dow11rinr urul Bay watf'fs. S1114'i,·s i11 llw I h·law..ir1· H iv Pr ml(l lmlian H ivn l11ll'l (Ddaware) Ni{ttarics 1'1-1110111-lraktl Lhal. llwri·, 111 pids an· umo11~ th1· most aLunrlanl or~ani,-ms. Al llw sanw linll'. thPy W ◄'fl' orw of th,• most importunl fish food oq~anisms (Cronin d al., t•Hd: llopkir1s, l()f,S). Tiu· Ch1'N1pPak1· Bay j,.. probably similar in thi . .; n·s1w1·l. 
T 111· 111 or,· .-;u)i rw dow 11rivl'f and Hay w atns al1-o pn>\' id,· fe1·di11g grounds for .... or111· of tl11· larµn pr,•clulory mpiati1· or~m1h;n1s- indudin~ fislws, aahl', jdlyfish, .uul tlw n1111I, jl'lly. A111on~ thr 11101,l . .;i1,-..r11if"in111l foulings from the Viq!inia 1•:-tuarnw :-t111ly hy Van E111,wl uucl .I o.-if•pl1 ( J 9(,B) w.ii-; tfiat tl1t· (·omL jl'lly, Mr11•m1•011.~i.,, i1- 1·xtrr1111•ly dfr,·tiH iu dq1fdi11g ioopl.inkton po11ulatio11s. Followi11J! \Ill' app1·,iram·1• of Uw cornh j1•lly i11 tlw high salinity ar,•as, zooplar1kto11 pop11l11tin111- ritpi•lly iliminil>llll'd. It is, thndor1•, a serious ('Olllpdil111· of' lanai, posll.irrnl, aml jm'1•11il1· fi:,fo,1'< tlwt an• still fr,·diug on smalta :,.oopl,mldon, I roni,·all~·, H lar~n ,·omh ji·lly, llt>rt1f', fr,•,Jii voracioulil} 011 \l,u•m1•011.,•1J. Wlwn H,•ru1• app1•,m·d i11 1111' 1·stuary, th,· smallt'r 1·omh j1·lly was .111110,.,I n1111pld1·ly dim i11al1·1I from tlu- riv,·r, ,111tl :,.oopla11kto11 11umht·rs again j 11 l'fl ',l ~I' If. 

Lo" :-ali11il ii·.-. i11 llw pro•ludiw 11pri\·1•r portio11 ol" dw Psluary prov id,· a l1arrin. l',1 ... 1 wltid1 willi,·r ti,,· j,·lh fj_._fi um thl' n1111li j1·ll'.t c<-111 mow. Tiwrdon•, tit,· t1nal fi:-li ,tr,· prol!-1"11·d from hoth 1·omp,·lilio11 a111I pn•dation hv th,·i.c 
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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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animal:-. Tit(' highly turbid watns also h,·lp lo r,·durt' 11r1'datio11 from otlwr 
suun·,·s. lwcausi· visibility is so poor. 

A n·markahlP i;uccci;sion of fish occupy tlw l11w silinity nursery grounds. In 
Carlin ,.;pring, postlanal menhaden move in from offshore spawning art~a.,;; 
(l\fassmarm d al., I 954). Young spot mow into the f'ntirr Ba)· at this timr and 
spr,~ad upriv,~r as wdl as into othn pcriplwrnl art'as. Silv«·r pt•rch appear in 
summer, followed hy youn~ weakfish (!\'las1m1a1111 rt al.. 1958). PostlarvaJ 
croah~ migralt' up the Bay in fall and gcrn·rally on,rwintt•r i11 tlw upriver 
rmrsf'ry .m·as (Haven, 19!i9). 

'flw trrukncy of young croak1·r:,; to ovawi11tl'r in upri,·n 1mn-1'I)' ar«·as is 
respom,iblt) for tlw substantial n·dm:tion:- i11 1·roakcr populations thal have 
occurretl. lluring periods in which water h·mperatun-.s drop rapidl~·, !:>even· 
mortality occurs (Massmann and Pache('.o, 1960). In some cases, an cu tir(' y(•ar 
clas~ may Le dt·stroyed. Subsequent laboratory studit•s ha\'t' demonl'-trafrd that 
juVt~nile croakers fail to foed at watn tempnatures of 5°C, and that mortality 
occurs wheu temperature approacheti 0°C (Van Eng1·l and Jost'(lh, 1968). lu 
Maryland watns of tllf' C:hcsarwakf', Dovel (1968) has indicatf'd that pn·dation 
by stripPd bass also ca11s1$ significant mortality i11 croakers. 

I have bri,·tly indicated somt• of the reasom, why tlw Clwsapralu· estuary is so 
e.ssential to aquatic lift', arul why some parts of th,· 1'stuary art• mort· "·ital than 
otlirr parti;;. The Bay environmc11t can ht· chang1~d. It is being changed now, and 
greater changes are in store for the future. I wish lo di~us.-, some of the changes 
and show Lht>ir f'ffccts on aquatic organisms. 

ESTUARY CHANGES 

Thi• Chcsap1·akf. Bay ,:an h,· d1anged 11hysically arnl 1·lwmi1:ally. Physical 
d1a1,grs i 11cl1uJ1: filling, dn·dging, and tt•m ~,1~ra tun· t·hangc:-. ( :h,·mi(·al 1'.hangt•t-, 
indmk dcpldion of oxygi:11 and poll11tior1 by nu111i1·ipal and industrial waslt'i-. 
fertilizns, snow salts, biocidcs, f'II'. 

Filling 

Filling is occurring in 1111' Hay at a rnon· rapid rah' than mo:-t 1woplt· n~alizt·. 
The ohviom, landfill prnjt-r ls lwv1• L,·en mo:4 cv i1fori I in tlH' vie i11i l y of large 
citi,·s•- Baltimore, Washiugl011, aml Norfolk-wh,·n· ,Hlditional land for piers, 
parks, indu~try, housing, ai1d airports ha:- ht-1~11 cn·ateiL Lt."ss Hotici~ahlc ha~ hc1:n 
tlw silt wash1~d in from tlH· trihutarirs. Th,~ SuS<pu:hanna RivtT alone delivns 
600,000 tons of silt to the Bay annually, arid alJOul 2.5 million tons original(> in 
the Potomac ltiwr Basin. Shordirn· f~rosion also coutrihuks to tlw sill load. In 
the past IOO year.; som4' 6,(K}() acn:s of Maryland shordine havr. slippt'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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Bay (Wolman, 1960). Betwn'n I fi.16 and I 94H ;;jlt dq,rn;itio11 h.1:-c r<'dw1·d wain 

d(•pth 2.5 f1·1·t owr a 32 1-i(JUart· mil1· ,lrl'a at tl11• north t·nd of tlw lby (llollis, d 

al., 1964). Roughly cuH•-half of th•· oy:-;kr ~ro11111I:-: i11 th1• 11pp1'l' B.:iy have lw1·11 

tli•i;lroyc·d or shift1·1I down:,;ln·am hv :-wdinwntalion. \1ud1 of llw dw111wl 
' , 

,lrcdging is dmw men·ly lo maintain the 1frpth in prl'\'iou:-;ly lmilt ..!wnrwls. 

Filli11p;, 1:arricd to the extreme, would n'sult in tlw Bay lw1·0111i11g a d,•lta 

:,;on11·wliat like th,· lower Missis..,ippi llivn. ll ii; likdy that tlw Clw:,;.ap1·akt· Bay 

would ht• similar in aprearanc•· tn th•· old Su.-;q111·ha111rn Riv,·r mouth as it was 

sonH' I 0,000 yt•ar:,; ago-bdon· the ri!-il' in s•~a lc·v1·I. Although m,rny of tlw sa11w 

kinds of fish would b1~ prmwnl, th1· numbers woultl lw much ks,; hnaU!-iP of Lill' 

d('(-r1•m;1~ in watn volum,~. 
( h1 :1 smalll'r t,;('ak thr t·ffrcts or filling: d,•p("lld larµ:i·ly on tlw location of tlw 

fill and tlu- lyp-1• of hahital lo lw cown·1l. W,, hav•· aln•ady point1·d oul th•· vital 

roll' of th•· marsh,·i- in mai11lt'narn·1· of aquati1· production. Fillini,.: tlw marsh«·i-;, 

1•s1wrial ly thnst· l1wal1•d i11 tlic· 111w !-lali11ity. prod uc live Z( nw, d in·1· ti y n·thu·•·s t \1 i· 

amount of fo01) availahl1· l(J cruslat:1•a11!-i which, in turn, n•duc,-,.; tlw ahun(lantt' 

of younµ: fo,11. ( )11 tlw othl'r hmul, filling: in :-mm· lon1tio111- with prop,·rly 

mwhon·il 111:.it,•rial l'ould lu· mwful in l'n·alill{!; lll'W marshlarul, improvinµ: 1·urr('11t 

pall 1•r11s, or n·d 11ci11µ: 1· x tr,•nw w a,,,. :wt ion. 

Dredging 

Dr1·dµ:i11µ: is ofti·n as.-;rn•iat"d with filli11g :,;inn' tht• matcri.il l.ihn from tlw 

chamwk tlw "l•oil must lw 1lq1osikd sotnewlwn·. Drt'dg:ing may be donl' lo 

1k1•p1·11 walt·rways anti cha1rn1·lt- or to 1·r,~alt' 1u·w wakrway::;. Canal:; provid,·d tlw 

most important ◄ ·arly nwan::; of transportation. Thi• f)ismal Swamp ('anal, which 

connc1'.l1·1I Clwsa1wak1· Bay with Alb1·marlr Sound, was lH'gu n in 179:t It 

proliahly i11nucnccd aquatic lift· hut little. Ou thl' utlwr hand, tlw cutoffs that 

1•limi11akd th1· m·1·d to navigat,· around tlw laq!;t' loops i11 tlw Jamr,; River 

lwtw1·1·11 llop1·wrll and llidunond havP 1·ss1•11lially d1·stroyl'd tlH' vahw of Llw 

ox• how :,;.1•dior1!-i as :-,paw nin~ aml 1111 r,;1•ry, an•as for :..had and :..tript•d liasl'i. 

I II frr◄ ·st ing:I y, tlu· fir!-il c )f tlwsc ,·u toff:.. I )u tch (; a11 --- was constri11· l1•11 in la lt

l B64 l1y llu· F1·d1•ral troops in an dfort lo by-pa~,_ pow1·rful Confr1lt-rate 

1ldl'11si\1' 110:-:iliow-.. 

Tlw Cllt'sap1·,1kr .u,d l)duwar1· Canal has proviil ◄ ·(l a !-ihorln shipping roull' to 

tlw I )i·law,m· Hiwr a111l coa!-ilal and Europt·an porb to th .. north. Stri1wd hass 

aml Anwril'all shml al!-io usP tl11· n111al for mig:ration. 'I'll◄' d1•,••11·11i11g: of thi!-i canal 

lo :t1 f,•d is nq1f'dt•1I to n•,;ult in an incrl'as,· in fr,·shwatn now of from 900 lo 

:i.ooo ◄ ·uliil' 1'1·d jll'r s◄ '('.OIHI (( :oq,:,;. of E11gi111·1·rs, 19(19). Rallwr than nowiug 

south through llw Clw;;,aprah, 1liwrt1·1I fr,·sh wal◄ 'r will flow uorlh throu~h tlw 

C.mal inlo 1>,·lawan· H.iy. H1·1hwtio11 of tlw fn·sh waln llow into tlw Ch1·saprak1• 

will i11cT1·asr• II.I\ sali11iti1·~ anti n·dun· llw rah· of l1olli oulllow of surfa,:r wat,·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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a11d inflow of bollom wa.tt'r,.., al tlw mouth of thl' Bay. \\'hilt• the damaging 

pfl'('d,.; 011 ,.;lwll fi,.;h will lH' gr,·atn than thost' on fin fish, a r•·dudion of in nowing 

on•,m \\ .ikr into tht· B.ty will prohahly rl'!-llh in ft·wt·r of the lal'\'i.le of 

rn·1 •a 11-:-:1 •aw uni fish n·arh ing produd 1Vt' estuari1II' nurs<'ry ground,.;. 

Freshwater Flow Reduction 

J haH already ~u~w•str(l two of th,· d1a11g1·s that may o<'cur a..., a rt·sult of 

incrt•a,.;ed f r1·shwalt'r outflow through tl1e Chcsapi•ake and Delaware canal. This 

j:,; not tlw only activity tlrnt will r,•.duct· fn·shwat1~r and Bay circulation. The fact 

that the Su~pH·hanna has het·u rdnn·d to as tlw laf-t grt•at untapped frrshwatf'r 

n·so1irc1· in Lht' East shows that it ii- now bt·ing considernl m; a llt'W waler supply 

(Anon., 1967a, 1967h). Propmals have been mad!' for the diversion of 

Sut-qudrnnna River waler to Philadelphia, Wilmington, and other metropolitan 

ari·as outside of the river basin. Pn~sent flow rate ayerages about 40,000 l".f.s. 

If frcf-hwakr flows were severdy reduced, the productive, low•~linity 

nur:-.ery areas would be displaced up tlw n;tuary beyond th,~ cordgrass marshes 

toward the hPad of the tidf'. The fish would lose much of the benefit from high 

productivity and the low salinity zones would occupy a far smalln volume of 

wHtrr an<I far l1·ss produetiv" slrdd1 of rivn. [f freshwater innow Wt>,re redul't·d 

Lo the ex tent that salt waler penetrakd to the fall line, the spawning and nurM'l)' 

ar1'.a of anadromous shad and striped bass would be climinakd. 

Saltwater Flow Reduction 

The increasing net'd for ever larger quantitif's of fresh walt'r have led to 

proposals for the creation of salinity barriers in the Bay to provide large pools of 

readily available frcsli water. Similar proposals have been made for large parts of 

San Francisco Bay and for Long Island Sound. In th1~ Chesapeake, such 

structures have been advocated for the Potomac River downriver from 

Washington and the James Rivf'r in the vicinity of Jamestown Island. 

On a smaller scale a salinity barric.-1 Walkers Dam, is present on the 

Chickahominy River near Lancxa. Thi!i dam was built in 1943 as an auxiliary 

water supply for Newport News. Tidal flows in the river were eliminated upriver 

from the dam and severely reduced downstream. The Chickahominy shad run, 

formerly one of the best in Virginia, was substantially reduced (Walburg and 

Sykes, 1957). Currents are needed for spawning. On the other hand1 glut herring 

populations virtually exploded. The ratio of juvenile shad to glut herring 

sam pied in the Chickahominy River was I: 15,000, while this ratio for the 

nearhy Pamumkey Rivt~r was I :41 (Massmann, 1953). Fttshwater 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«:
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anadromous shad and, probably, striped lia~s; wen· rt:duct>d l1u l hPrring .uul freshwater fish increased. 

Water Pollution 

The Chesapeake estuary has Leen less affected by pollution than either tlw Drlawam~ or the Hudson. Even !,;01 a total of 42,255 acres of shellfish grounds have hc~n closed because of domestic sewage pollution (Anon., 1968). In ad<lilion, somr, 254,000 acres of the estuary arc less desirable for fi11fish bccaus,· of pollution. 
Contamination of Bay walcn; by toxic substatu·cs is 1•sp1•fially itt'Ull' near lfollimon'.. Not only tJw waler Lut thP Rill from the botlom of the harbor has het~n so poismu-<l that it cannot hr rf'dcpositc,1 in clca,wr wah•r,; without damaging fish and slwllfish. The introduction of fordgu dt!composiLlr rnatcriab tJ1at utilizP large amrnmtR of oxyw!u can lu- t·specially harmful when it occurs i11 tht• vici11ity of highly productivt~ nursery an·al'i, wht:rt! oxy~n lcvP-ls arr naturally low from dt•eompw,ition of matrrial from tlw marshf'r-. The addition of hn1l to tlw1w walt'rs--alr1·ady wannn tha11 walt'r,.; of oUwr parts of the l'Rtuary-could hi• more harmful than tlll' addition of heal to wall'rs i11 tnon i-aliru- parts of tlw t•i.lnary, for it furtli,•r llgJ.,'l'.tv,1t1•s th«· oxyg1•11 lialanct· as WPII 11:- tlw lwat Lala11ci·. 

CONCLUSION 

I ha,.,,. descrilJi'd the Clwsap,·akt'. cstuary-lar~1·st of our Atlantic com,tal l',;tuari,•i,;, Althougl1 it could S<:arc1·ly ht> considcnd as a typical mid-Atlautic 1•i.;l11ary, it has most of the characteristics found in tht'SI! t>stuaries. Wal1~r ,:irculation n·sulu from a combination of tidal currPnhi and a ,wt flow M•award of low salinity surfac,· walt'r and a nt'l flow toward th(• h,·ad of the m,luary of high salinity, holtom wafrr. Thi· ralt' of tlw non-tidal curr1·11l,; <lt'fJt!ndi.; on du· lllllUUII t of fr,•sh wutcr ,•n lPring th~ 1·stuary. Tlw non-tidal currt'nt;; 1•rovi<lt· a v◄·hid,· for laf\'al fish to 111ov1• from oc·1·,111 illlll Bay spawning woumls tu fovorahl,· 1umwry urt'.UH in low salinity watns. 
Clwi,;apt•akt· Bay provid,•s a favorahlt· nursl'ry art·a for fo.Jw~ of tl11· Bay and for many otlwr fit.;hn,, indudin(,!; stri1wd ltaN>, w,· .. kfii,;h, and scup, tlial migrafr lo 1·1u11,h1I wukri- norlh of th,· Hay. Furth,·r, tlu· rno;;t produdivt• uun;.-ry an·as an· tltrnw i11 low s.ili11ity walf'fs, ,war th,• h1•ad uf tlw Bay, or upri\·1·r it1 tidal trilrntari1·s. Tlw 1·onl1-,'1',1si- mursl1rs provid1• lllt1£'h of tht' food cou~unu·tl hy thf' ,-;111;11! rn1slact'~111i,; thal, i11 turn, providt• th1· foragi· for larval, postlanal. and jU\w11il1• fish. 

( Jum~('l'i i11 thi· 1·sl11ar~ r1·ducing f n·shwatn inflow, such as dr(•dgiug and filli11µ:, or th«· iulrodudion of variuui; ki11tls of pol111hrnb, all infltwn1:1· the 
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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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estii.1r1n1· a11inwb in a varil'ly of ways. A thorough knowledge of the 
ri'l.ation,;hip,; of LIH· physieal, ch,·mical, and biological factor.; will enable us lo 

av u id d I a 11 µ;c.-; t ha l w ill be most h,mn fu I, minim i Zt' th t' d t·i-tructive dfrc ts of 
sonw rha11~1•;.;, and even improve the estuary for prodm:tion of desirahl{' aquatic 
lit',·. 

Tlw principal way in which this knowlt'.dge may lw us1·d is through thr 
drvdopmrnt of a comprcl1em,ive plan for the ChesapcakP estuary-a 1•lan that 
tak.1':-. into ctrnsidnatio11 all of the Bay interests. Such a plan was dt"vt•loftf>d and 
is Lt>ing appliPd to San Francisco Bay. In that cast•, howevn, tht' Bay was gr,•atly 
d1ang1·d bdort· a r11·cd for plannin/! was accepted. In Liu· casf• of th<· Chr,!,Upeak«· 
Bay, and sorn e ollH'r mi1l-A tla ntic 1•1.;tuaril'S, we should dt'\i<'lop the infomrntion 

w,· rwc<l and adopl and implt·mcnt a strong plan beforf' gn·at irrf'Vt'rsihle du111gt'!
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.

110

CLOSING REMARKS BY 
SESSION CHAIRMAN 

James E. Sykes 

Tf1is afkruou11 our :-1wak1•rs hav4• n·lat◄•d lht: usduhwss of tlw 1·stuari1w 
4•11vironnw11l lo m.my of tlu· org.u1is111s liviug tlwri'in and havi' <ln;crilwd sonw of 
llw c:onllid!i lidwt•P11 dvili:r,atio11 anJ 1·1-tuarirn: productivity. Wt· c.rn L,, b'Tateful 
tlml Lh4• Nation Ii.as such k1·q1ns of tlH' (•nvirunmcnt as lk Salo, !\fr. Wallan-_ 
,aml Mr. Mai:;.-.111ar111; nwn who hav1• an undcrstarulingg of somt· of the 
1·0111 l'l1·xiti1•s of rstuari1w S) stt-m.s, mul who art: tfodica ll'<l lo the ta~k of kt·t·piug 
L.host: systl'm sin an op1·raltl4• condition in the fact• of cxln·me population growth 
011 tlw llnikd .St.ates coa~l. 

Although wastes from industry and municipalities cause serious damage to 
atptalic spt'l~in; living- along the coast, Dr. Sain has focused our attention on tJw 
unwist· ust! of laud on tht· wah•rfront and up:.;tn•am. lt is lnJt" that on th(' Pacific, 
Atlantic, and C ulf ('oasts conlam ination, dan1111i11g, ,.md /!;t'lll'ral misu::;t• of fr,·dn 
stna m::; have .i co II 1•divr and magnify i II g cf foe l u po II I iv i ug re:;ou rct's of th 1· 
coastal zrnw. Tlwn· would lw lillh' advanuigc in l'Olllrolling man's iufl\14'1lC1'1' 
soldy aloi1~ tlw 1;hordi111• whilt· ignori11g hit. i11flm•1H'4'1'1 upon t}w r,·lati\·dy tiny 
str,•am s fartht·r inland, /\ 11pan·11 ti y, tlw t'ff ect::; of hirgc imlustrial-t y 1.w opt"ratio11s 
011 tlw ◄'lituary can lH' 1"011troll1·tl mul plamu-d 1m1p1•rly, wht·ri•u:- the aec·umula
ti\/t' ,,ffrdli of 11inmwal 1~1;l11ari1w alfrration yit·ld::; prohlt•rns more tlifficult lo 
... oh·•·· 

:\'lr. \V..1ll,w1·, in .tppraising th1• mid,11,~ Atlantic shdlfo,h situation prrdicb that 
somr s1wci(•:,,, parlirularly th,· Nt•w York h.1rd dam, an• de:-;tirwtl to product· wdl 
during tlw fon·s1•4•ahl1• future. llarwsts would be much grt·akr now and ii' the 
futur(', how1·\'t'r, w1'r1· it not fur .-.Pwag1· pollution whid1 has dmw,I many acr,·s of 
protluciug lw,k Both poll11tio11 .:111cl disPa~w lu.M· n·duce1I oystn lwr\'t".st sharply 
i11 1111· 111itldl1· Atlanlil' '.°'ilal1•;;, 
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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.
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IVlr. \Ia:-~mann described the tremendous biological carrying capacity of 

(.ltesap,·akt· Bay and reviewed the fisheries contributions which that Bay make/\ lo 

other parb of th(' Atlantic coast. The biological importance of Chesapeake Bav 

is readily a1•parent in statistical digests of United States fisheries (commerci~I 

harvest in 1966 wru; 426.5 million pounds and sport catch about 22 million 

poun&,). He urged interagency cooperation, a consolidation of knowledge and 

early implementation of that knowledge, leading to effectivt> management and 

control over estuaries to prevent otherwise irreversible changes. 




