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Executive Summary 

ECOGNIZING THAT THE 

Gulf ofMaine is a 
common resource of 

inestimablevalue to their residents. 
the Provinces of No- Scotia andNew 
Brunswick, the States of Maine and 
NewHampshire,and the Common- 
wealthof Massachusetts havejoined in 
a coaperative effort to protect its 
ecological integrity and the many uses 
that depend upon its continued good 
health. 

The Gulf is a marine ecosystem de- 
fined by cnrren tsand tides, nutrient 
cycles, and the migration ofmarine 
animals; itpays no heed to political 
boundaries separatingstates, prov- 
inces, or  nations. The living marine 
resources of the ecosystemmay spend 
part of their livesin coastal waters and 
part in offshore waters, part in Cana- 
dian waters and part in the waters of 
the United States; mavspecies offish, 
marine mammals, and birdslead 
transboundary lives. It is important to 
remember thatenviromnental damage 
in one part of the Gulf can he felt in 
another and that a series of seemingly 
negligible effectscan be of major 
harmful consequence in sum. 

This report was compiled to illut 
trate that the Gulfsupports diverse, and 
sometimes conflicting, uses; that it is an 
ecosystem that is best managed using 
ecological principles which donot "see" 
political boundaries; that the sustained 
use of the Gulfs resources, not only by 
presentbut by futuregeoerations, will 
depend upon wise stewardship of the 
Gulfenvironment; thatcooperative ef- 
fort on the partof the bordering States 
and Provinceswill be required to pro- 
tect the Gulf; and that prevention of 
degradation islesscostly, more effi- 
cient, andmore effective than remedial 
programs. 

The Gulf of Maine isof great worth 
not only to the people of the Gulf 
regkon who depend upon it for eco- 
nomic, aesthetic, andrecreational 
value, but also to the many othen from 
ouwide the region who enjoy orprofit 
from its resources. Among the most 
productive bodies ofwater on earth, 
the Gulf has nourished a thriving 
maritime heritage for several centuries. 

The growth of the human popula- 
tion and cornsequent development in 
the Gulf region have resulted in a series 
of insults to the Gulf environment. 
Tonsof raw and partially treated 
sewage are discharged into the Gulf 
each day. Industrialdischarges and 
urban and agricultural rnnoffall 
introduce toxiccontaminantsand 

bacteria tomarine and estuarine 
waterson achronic, and at times 
acute, basis. Increasedfishing effort 
has reduced fish stocks to all time lows. 
Coastaldevelopment hasencroached 
on elmironmentally significant marine 
wetlands. Accidental spills of oil and 
othertoxicmaterialplace additional 
stresses upon the Gulfenvironment. 

Evidence of these stresses can be 
found throughout the Gulf. Although 
limiteddata exist to assessadequately 
the environmentalquality mendsin 
the Gulf of Maine, the warning signs of 
degradation are clear in research con- 
ductedduring thelast decade: 

- highiy industrialized harbors such 
asBoston and SaintJohn are seriously 
degraded; it isunlikely that such places 
will ever regain all of their natural 
functions; 
-relatively undevelopedembaymenLs, 
such asPenobscotBay, exhibit elevated 
levels of contaminantsin sediments; 
-sediments in the deep basins of the 
offshore Gulf of Maine contain low but 
unnatural concentrations oftoxins, 
indicating that contaminants are being 
transported tbroughouttheGulf. 
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While die @ew.afanehgmar9. -the pubhc's increasing concern participauon programs, curriculum 
n c t t f u l l p d ~ % ~ ,  rmwalproc- regardmg contammated seafood may supplements, films, and educational 
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-loss oftraditional harvestingjobs 
hasaffected the character andecono- 
mievofcoastal commnn~tieswhose 
fundamental heritage 1s maritime. 

Ofgreatestimportancefor the 
fnture is the knowledge that the Gulf 
of  Maine can be protected. While 
warning signs of environmen tal 
deterioration are evident, much of the 
Gulfremains healthy. Preventive 
action, however, will be required to 
maintain the environmental quality of 
the Gulf, as well a8 to reverse all trends 
toward degradation notedin this 
report. Now is the time to explore op- 
portunities toensure thecontinued 
viability of the Gulf and its many uses. 

The Gulf of Maine must be man- 
aged as an ecosystemrather than as a 
series ofpoliticaljurisdictions. A 
cooperativeenvironmentalstrategy is 
required todirectaGulf-wide monitor- 
ingeffort, toprovldefor pollution 
abatement and control, and to pro- 
mote the sustainable use of liv~ng 
resources. 

Abroad-basedunderstandmgof the 
ecological andeconomicvalues of the 
Gulf 1s essential for the improved 
stewardship of the Gulf. A public 
education effort, lnclndingpublic 

the public and generate support for 
environmentalplanning. 

Effective management ofthe GuK 
will require ongoing cooperative 
research o n h e  structure and function 
of the Gulf ecosystem, as well as on the 
effects ofpollution, habitat loss, and 
otherstresses. 

This report is a first step in a multi- 
lateralendeavor to improveenviron- 
mental managementoftheGulf. 
While provincial, state;aud federal 
governments are takingthis fiststep, 
the assistance &industries, municipali- 
ties, conservation groups, and individ- 
ual citizenswill be required if this 
initiative is to be successful. An 
unparalleledopportunity still exists to 
preserve and enhance the Gulf of 
Maine and itsmany uses: now is the 
time to work together toprotect this 
invaluable resource. 
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Preface 

ECOGUIZJNG THAT THE 

Gulf of Malne is a 
common resource of 

inestimablevalue to theirresidents, 
the Fmvinceaof NovaScotia and New 
Brunswick, the States ofMaine and 
New Hampshire, and the Common- 
wealth ofMassachusetts havejoined 
together in acooperative effort to 
protect the ecological integrityof the 
Gulf of Mame and the many uses that 
dependupon itscontinuedgood 
health. 

This reportwas compiled to ~llus- 
trate that the Gulfsupports diverse and 
xlmeumesconfllctinguses; thatitisan 
ecosystem that must be managed using 
ecological principleswh~ch "see" no 
political boundaries; that the sustained 
useof the Gulfs resources, not only by 
~urselvesbutbyfutnregenerations, 
will depend upon ourwlse stewardship 
of the Gulfenwoument; that coopera- 
tive effort on the part of the border~ng 
states and provinceswill berequ~red; 
and that prevention of further degra- 
dationwll be much less costly, more 
efficient, andmore effective than 
remedial programs. 

This report is a first step m amulti- 
lateral effort toimprove environmental 
management of the Gulf. Whlle 
p r o ~ ~ n a a l  andstate governmentsare 
taking thls first step, the assistance of 
industnes, municipalities, conservation 
groups, andindlridual dtleenswlllbe 
requlred if t h ~ s  lnit~at~ve is to be a suc- 
cess. An unparalleledopportunity still 
exists to preserve and enhance the 
Gulf of Mame and itsmany uses: now 
1s the time tojoin together in protect- 
ing thlslnvaluable resource. 
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Introduction 

RAT IS m w w  
ofbbind It ir many 
W i a e k l d  - 

sea, almost mtirrl!. cur oEfrom the 
northwaternAtlandrocran hyunder- 
watw banks; aamaxbesmy~rein, 
comprised ofaoanplexwhdfmgi- 
ent c y c l m , ~ & n ~  md =erg 
flow a m -  ofematnicklihaod 
for Mny4 Born Liahingio towisn; aarl 
abaid betwe~n CanadiansaneL4=meri-, 
cans, whwe common depadace  
upouit,i&ba&fmarkhaad1ca@ 
s t a n d h . m - m .  

The Culfofb%&a isaTc?+3uece-of 
unp'~iUe1cd value forall who horder 
itsxlrorer. 1- lkingrrs~ourcrs, mi~ong 
the raanptodmtiPek &emId, s a p  
pomd n Z t k S o r t h A ~ ~ m d ,  
bter,Eu~opawset&m. B n t i w  
wese m~uimed in r k  197Qs, foPei$n 
frshi~fleen camg fmm aammh 
world tobarvest abundant w@y OF 
f%h from GuIfwatem &on? mIing 
wiW@ly.o@s- t e z h a o l ~ t o  
d i ~ g c h m  with a cak ,  ft- 
dbgc&y wrapotts thba&%ofthe 

tiotlsuf,p~se m y  hundzeds of 
tho&m 

W l e f i & e r w i ~ l t r e  backbane 
of ecanomfe acriviryin the Cdf,zmvw3 
non&on~ptiveuse%ofthe6:Wg 
=ours& qtefaet @ow+itg. &hxg2 
& a ~ e ~ ~ . ~ 5 ~ y  waWnga 
&a bbeaeh arearntin3g the -auk+ 
r i ~ ~ t d o w a t n a a f l z i ~ ~  n w  

and fm to thie shoks ofthe Gulkmp 
p~ningahu~geonLagtauiist econdilly 
in theculfre@on. Aqoaculmm the 
fUdllgbf&Sh Sld ~hb91T6sb, has2kQ 
&mmtmed it6 eroRomic p o r ~  
t& Gulf, w w  dean a d  rich 
warn p r o v i i f ~ ~ ~ ~  idesll+ndrrilrment 
f o & ~ b a s 4 r y o f m ~ m a t u r w e 8  

But tbP Gulfis worrh much mare to 
II~ thanitsduein k$onor?qicwms; 
Millionsg~ewrac~d toits-shomsto 
live. R e ~ t i l m a l  oppomnitigs, di- 
verse a t r d ~ f u l s c e r ~ e r y ,  open 
spaee,abundantwii~, &drhci senat! 
o f a P z i l d e ~ s r e l & ~ ~ t r % m a k l b d  
bymanaU.add to thleermepthal 
g u a U r y o f W e q & a n c e d ~ n t J ,  
whether t6ey I&% on the ahore or not, 
ThgfitalltyoRhe 6ulf&m-% 

&&credljrr om own liw, we ate 
m&rbd by the 8wcs&lmi@€bn of 
a&d.mw, h bap?ob ofsunIi!@f on the 
=a, apd rhe &~aceofauliewmtter wit 
skims thewma 

T o & q , ~ v i & m ~ i a a c ~ u ~ g  
&ac& health sf  tk C m K q b e a t  
riski Pdlutioa,hbiatt dGSmkdm, 
md mmtrskof remesp6se%hxmu 
ts thp ecologiaLhm@i@ of &e Gulf, 
onre-to h t i m m e  frorntlqg 
mkia. TwsemountsoftozSc con- 
-tk&~heoadete&in the 
d ~ t ~ o f t h e  cSaff ,Sam@ 

in-dustrWiz& h-arkm~fF&hibh ex* 
tiondyh5gh lw/elsof co-, 
gndlasionsanssdatsdwfthco~ina 
tion h a w b  fisarrdio ~me3sh. 
T h r u q & u t ~ t  rrfeheDay'8 
slromlii, sgw@ polluim hzs 
resulted intheclosureof thmraad of 
~ ~ P p r ~ ~ t ~ ~ ~ l f i s h B a r s , ~  
minrming b ~ & e s ~ v a a 1 ? i o ~  
d&c-dal %?st0dr?q,Tat 
andl rimelm andsaved sp~fe-sof 
vailtllifitkn-m dw.m lersrof 
habit& gAu&Of*dvdb  
cpppmt in &&nlfis k 8 e t b  

reg& ofa srk$ ofevema. We mrrnat 
point at one oil spur, one Indnstrial 





For the purposes of this report the Gulf of Mahn 1s broadly defhmd and considered tolnclude the Bey of 
Fundy to the north and Oeorges Bank to the south, as well as the Gulf pmper. This wmcr ol the ocean 
is often referred to as a "see within a sea", because its waters are reparated from the Atlantic Ocean 

by thm submerged plateaus of Oeorges Bank and Browns Bank and are Isolated by temperatum and 
~ l l n i t y  dtffarenws from the roat of the Atlantis. For the majority ol its pdmetor the Gulf is surrounded 

by land - thme New England states and two Maritime provinces. 

discharge, orone developmentproject 
to explain this evidmceof enwron- 
mental harm. While the lossof one 
wetlandmay have a n e g l i ~ h l e  impact 
on the whole system, thecumulatbe 
lmpactofextensive wetland loss, which 
has occurred and continues to occur in 
the Gulf region, can have a deleterious 
effect on thefunctioningof the entire 
ecosgstem.While therenmsufficient 
data to assess the overall threat to the 
Gulf, a disturbing pattern isemerging: 
as more people crowd the shores of 
the Gulf,more degradation appears to 
be occurring. The evldence noted 
above must he taken as an early 
warning sign: now is the time to act to 
preserve and proten the Gulfand the 
importantrole it playsin our lives. 

Many think of the sea as an inde- 
pendentenvironmentunaffected by 
the land, but in fact, the Gulfand the 
land that surrounds itare closely 
Imked. The cycle, in wh~chwater is 
evaporatedfrom the surface of the sea, 
deposited upon theland in the form of 
snow or rain, and carried hack again to 
the ocean, hnks land and sea Water 
returning to the sea carries with it a 
loadofsediment, organicmatter, and 
nutrients. Productlvityin the Gulfis 
greatly enhancedhy thisintroduction 
of terrestrial nutnents. However, ~t 1s 
thesame returningwater that carries 
Lfe-pvlng numientsthat also fre- 
quently ushersm a host of damaging 
contaminantsandwastesgenerated by 

humanactivlties. Thus, the health of 
the Gulf is closely tied to the terrestrial 
environmentthatsurroundsiton 
three s~des-especially to the act~vities 
of those who live and work on its 
shore. As the population of the Gulf 
region grows, greater and greater 
demandsare placedupon the Gulf's 
ecosystem: developmentactivitiesalter 
ordestroy natural habitatsand 
processes, more sewage and ~ndustrial 
waste aregenerated, andmore 
resources are harvested. Ironically, as 
we are drawn to the natural resources 
of the Gulf and become dependent 
upon them, we simultaneously 
threaten the Gulf scont~nuedviability. 

The Gulfis a marine ecosystem 
defmedby currents and tides,nutnent 
cycles, and the mlgratlon ofmanne 
animals; its natural processespayno 
heed to political boundaries that 
separate states, provinces, or nauons. 
Many speciesoffish, rnarlnemammal~ 
and birdsmhahiting the Gulf region 
lead transboundary lives,spendlng 
part of thelr hfe cycle m coastalwaten 
and part in offshore waters, partin 
Canadian waters and part in the waters 
of the United States. Evensedentaly 
species such as clams and barnacles 
rely on currents thatcirculate in the 
Gulf to ensure the dispersion of their 
young. Threats to the Gulf emrlron- 
ment also ignore pollucal boundaries, 
conraminantsmove with winds and 
waters regardless ofpoliticaljurisdic- 
hons. The loss of apart~cular habitat 

can @act the G ~ ~ p u i d e ~ c c u r r ~ R e c o f  
a s p m k  t ~ ~ ~ p p o n i r .  It& 
i m p o r w m r m k  tbtenvir_ob- 
M-1 inoaepmafthcW 
can befeltin w e h e r m d  tksraswks 
ofwe&iq~ne&ible &ktscasl be 
Qfrn@orb- c@segu~~~ceEn s m  

Thvconbu@dhealthan~ in- 
m d  me of t h & ~ F a  m s o g w s  
r6qtw%sw to amage i t m a m a d m  
gfoaysttfrn,nazasammkm ofsepamw 
a~dcpmps&g enti-. The Gulf 
e m o r  be m~e~&v-l1ptXbdan~ 
pram& an a @=ecmixeaI ba*. We 
share m q b n m % & r y b -  
the b o u n f y o f ~ k I f  ~mbu~e-snow 
a n d f o r f m r m ~ ~ i ~ ~  

Row isIfxatrsspoi@ibiI~& 
cbgFged? Iupqvires*&ere c o m i r -  
m n t n f ~ n m e n w , ~ ~ u i e z ,  
c%ssxa- hl h i &  allofus. The 
* w i l l ~ s * , i n a c P r n e  
~ s ~ r a d a p t a t i o I I ,  b m o ~  
greater %n SacfngtIreimpaCt of 
s a i o m ~ m e r u d  cbgradaaoq. 
atm1zlmulfdfpmnt treII€lsirre 
allme&o mn-e. cbgageswin 
occuras a reex& of ~ i - c h o i c 9 ~  
that we iimke in uureVeq?hq l h ,  
& o ~ a b o u _ g h o w w m e  our natural 
resuurcw an&ow we @qsosg ofour 
m-s. &wsr;o&tsu&vesm 
~ g o w  d e  in theuve and 
d e p d a t i o n  of therialf,tue d l  k& 
tollpdentand o w  re3lponsibiliqfrnn 
wive sgwaraship apdprotmion. 





The Guy as an Ecosystem 

p m d W r y o f m e 9 a s , g l W s h  
gpaea, an&phpp,hkton iam w a t  m 
any comparabU area in k m r l &  and 

I 
providesrhefoun&danoftht h E ' s  
biolqglqglcal_sbrmdance, 

Q ~ ~ G I C  mm 
f i e m  ntiIL011-q~ thewmiwhere 
rheOulfoflMaineia-nowl'ocatgdm~ a 
g W * l o p I n g , e @ r @ @ d -  
similar to th. contl~@dshelF off* 
nrid-A&m&&fss tow. h%r,tBe 
*anwaqowias dry landil~d 
eroded byd-, wbixh-d out* f 
b ; r s i n ~ t ~ t u a l l y ~ e t h k  &df j 
and treated thew in&ion h e i s  
now the NorthwtCharmel. Flacks 160 Wetew) dwarerxnd chmm 
cowredthe reg@ndu&#ieImorre rtstcfiedasfkras &O miPes (100 kilcrpne- 
to wiomiIlionpears,fqt'tbsr4cputi~ WS) inland&onl the presehtcmgtline. 
out thgCiUUfofbabbasmand Stme theqsa  1Sel has kklkn, but ie 
depositirrgo~shrafomGeorgp6 laowrisiag.& at a a@ of aboutonr 
&ilk. foot (3Qcentinntasj actnflrg. 

When tblast of the glacialice re* Todap,wef d q t h s i n t h ~ q i o n  
treted abowt 13,8Jo years ago, sea Wl varyfiom 1,257 feet (377 meters) in the 
wasrrmch 10werthnur;itpre~nt. *est basln ofthe Gulfto 761 feet 
b m h k m s e ~ p o % e d w  *land, (2222 mtm] in theeNort~Ghanne1, 
tirstssampeextm&ingfkom themais- toasghdlow Wfeet (.krretrss] o?r the 
land arid thrnas atrialand 4 h q p  best&CaewB&. B f w m  &egp 

Bankarid thed6pr~*d&nlantf w m  m , b = W - c - \ . i  
Boo&Bvhen rhe&&rs meltedand a di- collparian of* hanks, 
reveated to tk ~ r t h .  About 1P.5'00 gorgcs,and &p,andiscerrd  hy 
y v a ~  agegs, the &=sf wbtisnawP~rt- giecfimea09~froril bedm~k ti, 

taad,M&-m$pratht 160 &st sandgraw1&hell, andwd. 

The~oa&&afthe W o f  W o e  
mtlect3 che$r"bgickbtorpoftherr:rr: 
$ion-smo~th and be~lch-Baed or 
dented&ra&€mind,riepL.ncbgm 
tBe hhardn- and texture afthe 
bdmckwhere twkdmi deposittd 
&&toads  of&^, andhow tbe 
secthems h.dMsinsebegnreworkd. 
Thamthern m a o f  the Gulfof 
W e ,  WtweenCapeGod, Mwachu- 

andtkpe w b e t h ,  Maink is 
rharaster+zedhylmga~cht~i ,  
ssft % 1 i ~ ~  Muffs, end an occ~.sional 
tacky herdhad. Tke=a~aommrom 
W b i e a c h ~ e a e n g i w  
salcmarsh&yimgkhind &em 
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Beh and S@ud 
82 

B - m a h a h a n d  Pm& 
maquadctyky a% tbe mouth of thcBay 
o-fFutldy isan &tm@Itlinariiyrugged, 
iirderned,mdrboundstret& of c w t .  
In h m y  bays, cwes,asd irrletsars 
th~mmdCsofidm&d ledges, Much 
of chis coast lachi the&zmu 
Ireeeqfarmd-psw& 
maraha m desplop h%mttpr& the 
exposed bcdrockispritfianlygrani$e 
md moaw very slow~y. 0- mfe*re$ 
to as ndrowd coastline, the pmnt-  
chy &smli ialved whm r i s i n p  
I d @ & &  pfehisroricriv~~elleys~ 

The B q  ofFmdywist s h q ~ d  pri- 
madly by EnuLdng andsubs~qnent 
WP&W bp theglse~m, Ltlsknownfor 
its-e tfdal mqpwhieh can be- 
upto5Qfm(I5meter$). Zhe 
shoreline ofhew is tbract&zsd by 
red sa-ndsronesHB and hard ooliamc 
rocks. SWiB tidal c m t s  erode the 
s&r b-&dsdsproviSmg  sediment^ 
tc~ theaoordthe wand theim- 
manse rnudflae that irtas,eDr in same 
pIatsia 

t3csi4N00- 
Two ~ a d o m i n ~ w t e r d r c u l a -  
tiDn in rhc: Gdf ofMahe -ion: a 
m m r t r c l o & ~ & s ~  isthe W a n d  
an adjamn%clu&&se fleoser 
GeofpsBang. ~ l f a c t o r s c b n t &  
ute to the GuFof W n e m  These 
mclude the springrun&&omrhe 
rrsgion'sripem, dailytides,iQHow 
i t r o d  w%tkmWava*Sww 
ar@x&qja thc: Gdfofsaiat 



I 
Estuaries am a oritlwl soulce of 

nutrients for the Qulf of Maine 
cuzoayatem. 

Lawrence, and lnflow of dense deep 
water through theNortheastchannel. 
It takes about three monthsfor water 
to circulate around the peripheryof 
the Gulf. These circlmgcurrents tie 
together all the parts of the Gulf 
ecosystem. 

Across the Gulfthere are enormous 
variations in temperature,salm~ty, 
denslty, andnutrleut content ofthe 
water, dependingon location, time of 
year, andwatetdepth.Nutrients tend 
to become trapped in deeper waters. 
Where tides, currents, andbottom to- 
pography comhme to induce mlxlngof 
bottom and surfacewaters, biological 
productlvltyis highest. In estuaries 
and certaln offshore areas, usually near 
underwater banks, vertical upwellmg 
brings cold, salty, nutrientenriched 
bottom water to the surface. Offshore 
areas known to be strongly affected by 
verucal mlxing include the areaoff the 
southwestern coast of NovaScotla 
between Cape Sable and Yarmouth, 
and off the Maine coast from Grand 
Manan Island south as far as Maunicus 
Island. Deep water from the Gulf of 
Mane, pushedonto GeorgesBank, isa 
sourceof nutnentsfor the h~ghly 
product~veBank. Many estuariesare 

doubly enriched; rwerscarrynutnents 
washed off the land downstream 
to then mouths,where they mixwith 
upwelling deep ocean water. 

The primary producers that are the 
foundaelon of the Gulf of Maine's 
h~ological abundance include single- 
celledplants, calledphytoplankton, 
and macroalgae, or seaweed In sprlng 
andsummer, when nutrlentsabound 
insunlitwaters, phytoplankton bloom 
in huge numbers. In theoffshore 
waters of the Gulf, the areas of highest 
prodvctniQ occur overthe central 
portion of Georges Bank, with the 
lowest levelsofproductiwtyfound in 
the deep waters of the Gulf of Mame 
andalong the southern edge of 
Georges Plank. In companson with 
other shelf ecosystems, all of the Gulf 
ofMaine region has hlgh primarypro- 
ductivity levels. 

Seasonalphytoplankton hloomsare 
followed by population explosions of 
zooplankton, microscopicanlmals that 
grazeon thephytoplankton The 
dominant component of thezooplank- 
ton community are copepods, the prm- 
cipal food for larval fish. This cycle 
f o m s  the base of the flour~shlngfood 
chain that sustains thefish, marine 
mammals, and hlrds of the Gulf. 

HAS~TATS OFTAE GULF 
Variations m tidal energy, nutrient 
availability, ocean currents, and 
sedlmenttype combine to produce the 
composite of habitats that is the Gulf 
ecosystem. 

Estuaries, wherefresh riverwater 
mixes with the salty ocean, are exceed- 
~ngly productive habitats, semilgasan 
important linkin theGulfecosystem. 
Seasonal phytoplankton blooms make 
estuarlesadeslrahle nursery for the 
planktonic lamaeofmany henthlc 
Invertebrates such asworms, mollusks, 
and crustaceans,as well as forjuvenlle 
fish. The region'sestuarles are 
thought to he vital at some hfe stage to 
about 70% ofthe fish species of 
commerclalinterestalongthe Gulf 
coast. 

Salt marshesand tidal flats are 
characteristic features of the region's 
bays and estuaries. Mud flats occur in 
shallowandprotectedwaters, and 
develop by depos~tion offine sedl- 
ments. Where flats are shallow enough 
in slope for emergent plants to grow, 
the upper ponlons develop into asalt 
marsh. Wetland plants prov~de food 
and cover for both marlne and terres- 
trial organisms, trapsedimentsand 
anchor substrate. andaddnutrlents to 
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Rocky intertidal shores am one of 
the most characteristic feat- of 
the GuH shomline, and comprise an 
expansive habitat because of the 

m%-f*hmettailfnarg.. 

the system throughdecomposition. 
Small invertebrates live in the mud and 
creeks ofsalt marshes and are con- 
sumedbyfish, crustaceans, and 
hreedlng and migrating hirds. Terres- 
tnal mamrnalssuch as raccoons, foxes, 
and mink also feed in or near salt 
marshes andexposed tldalflats. 

The nonesmarine hahitatsofthe 
nearshoreGulf of Maine- heaches, 
rockpinterudal shores, nearshure 
subtidal areas, islands, andoffshore 
areas also play important roles in 
sustainrng theecosystem. 

Rocky Intertidal shores are one of 
the most characteristlcfeatnres of the 
Gulfshoreline, and comprise an ex- 
panslve hahltat because of the reglon's 
large tldalrange. Llke heaches, they 
are usually hlgh energyenvlronments 
that only certarn organrsms can 
tolerate. The olants and animals that 
ltve on rockpshores, includ~ng rock 
weed, barnacles, penwinkles, and 
mussels, have adaptedmeans of 
adherlng to hard surfaces Other 
animals survive by livingm cremces 
and ude oools. 

I The Gulfshorelineincludesagreat 
number andvariety of heaches- sand, 
gravel, cobble, and boulder. Animals 

- 
clams are one of the few larger 



otganiems making th&r homeonrhe 
subtidal portionsofaand beache$.. 
Raar clamsand p a h o g  aremmmon 
m thewndiw flat~,wbile~aRshe~ed 
clamsand m a r i n e w m  can befound 
in mudflato. Many shore birdawe 
especiallynielladapted mcapming 
thesmall animalsli%+npnbeaches 
andffats. 

Mort than3,0610&larrtEs docfie 
peqhcry of th26nlEoFMaine. Sandy 
harrkrislandsawcamnonin Ma=- 
thuserts, suchas Monornoy,off Cape 
God, & Plum Isknc£> north of Cape 
Ann. &wver, the vagt majorityate 
mcky oaaoptiofiarying&es, marry 
locared along t h e h e  coast. IsIanrls 
mapan amultimdevf nesckgssa- 
Wrds,ae&, md shelIW. Dmto 
geogmphic imlation, islan&Of'te*l 
have uniquevegetative cammun%m 
and raraplatntspe~, 

Theshallm~~nesubddalh&lbirat 
contributes totheprodu&q of tb 
Gulf ecoqstern-in seralways, It is 
home to apalietyofmacsdgae, 
indudingklpsnd edgtae; their 
&&butian iadepeniieqt on bottom 
m b m m d  penetrationof $miQght. 
Marine opgamsms Atrdfgodand 
prorection rn tbese$ea.w%ed beck. 
Organisms common to&smMdal 
habitat of the Gulfinrlu&sea7)~&1ns~ 
starfish,andwd dollars-fiwrire 
lindr ofpe(,ple explc>rLqg tidrpools. 
Sr:i arallop. winrr~ floundel-, and 
lobster, dl ofromarefcfal knpor@nc+., 
are found borhin neap,h~rem;a$tidal 

areas, a0 wellas alongthe bomm of 
OfFsha~e w-, Somean'&migrate 
inshore in summw to mprpdu~le in the 
telativel@~haad mp*m warmof 
theshallow subtidalara. Ofhei%su& 
asshffmp, migate hhore in  tlre 
wimer toreproduce. 

~eabundanceofcommerciaIIy 
~ a l u ~ b ~ h h ~ ~ m a d e  the offkhore 
-hahirat of tlre Gulf of&kin&owan 
bothsidesof the Atlimt~e. PradacrPae 
watensauls submerpd ofFshore banlea 
sustain avariqofimrme Ha- benthic 
&wm@brzltas, ,6ah,marinemafnmt&, 
;*~dbid&. 

el= 
The Gulf ofMaine Pegionsupports 
h d d s  of sppciesoffish and 
shellfish. Tbetish can be dpscribedas 
oneof twotypes: pda@x, or@ose;that 
livein rh~wafer column, mdememal, 
rhose that live on ernear tlremW. 
T h e  more CbmmoU pelzgicfishof the 
GdfregioRJnclude &arks, her-, 
menhrtden, caplip, mackerel, blueRn 
tuna, swordB8h. aodblueBsh. Xo+t d 
thepelagicfrsh h m  deffnitestasonaL 
moupmenrs, usnallyh respume to 
ehan@ngwaeer tern-. Some 
movebetween inshomanddbhae, 
athgrsmigrate nocfb to theGutf 
regtan @ thewaterwarms eadr 
supomer. 

D m r m l  R&h, ooftcnmned 
@oundfish, include eodhh&ddo6k, 
hake, pollock, whiring,and cuska% 
wellas theflatfisfi, includihg halibut 

H d  rhrrfleuE&?lT. Th&stribcuia~ af 
demermhbh i s & d  more* the 
wbsrrate ofthe bottom than by 
chanpsesin temperature. Sameof 
a w e  fish am Foan_di4x~ltMvely on the 
b o t m ,  f s e d i n g ~ ~ i c a r g s n i m m ,  
whiteetlwsrasefimndbeth alongthe 
hemar  and in thmcawluma.  
O t h a d e r n ~ o ~ ~ d c m m -  
cial v@wincludc noirherh ~hk?%zttp~ 
squid,lobst@e, a I r t  aad sea Rallaps. 

SomgenemLobs~rio~ec;ant,e 
madtaboat s p ~ l d k m i h w i ~ ~  of 
fiih a a w  atre Gulfefgjoa- fn the 
idshaMuE, cod, baddock+ blaekt%-& 
Bounder,andother floundemare 
predorntrtmt. In tbe Lmp WT OnlR, 
thr principal specie5 arebetican 
plaice, wi~ch flormdpr, redlisb white 
hake,-aadcn& In ~%ml Cieot&m 
Bank, c& b8dadk M b k i t n d  
~ ~ l u w ~ o n n d e p ,  d p o l l D o k m  
rtumiwnt. O&th+FTofl&g..tPak of 
Gee k, ~ease&opsam do& 
naat,wt& m d a b n n d p n d  
gmundash~ucharscdBandIra$ciacL 
k~i le fbh  atocksmiieftake8&& 
s r m e n t s ,  cm@gFng Beboqdaty 
b P c w ~  tkadt& Bw@ and Can- 
~dar, 

b%ahrz+ngand mmhadexi tnp 
~ s n n n d l y s b l m h ~ ~ ~ u t  rhP 
G ~ ~ & m , p r m i c u l a d p i r r n d ~  
waterst Sp~tvmifigstocksof kwbg 
acc~off&o~~wkstWova5-Eo~, along 
the coast afM+e, aud onJe-&q 
L e d w m d N m k t S h &  a 
Peb%dldiqmck &%son t b e r t h m  
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The Gulf of Maine provide8 crltical 
habitat for the northern right whale, 

the mc& endawmd of all the MNM 

mammals found in the -ion. 

edge of Georges Bank These stocks 
mix andare found throughoutthe 
Gulf reglon atvarious tlmes of the 
year. 

MAMMAI s 
More than 18 specles ofmarine 
mammals are present in the Gulf of 
Maine at some time during the year. 
Spring is the season of highest abun- 
dance forwhales, dolphins, and 
porpoises, coinciding with the period 
ofthe greatestannual upwelllngln 
Gulfwaters Georges Bank serves as a 
major feedtngareaand nursery, and 
alsoas a "refueling"s1te for some 
specie5migrating through to the Gulf 
ofMaine, Bay ofFund), ScotIan Shelf, 
and other areas. Overall numbers de- 
chne in the winter, as many specles 
mlgrate back to southern breeding 
grounds, sometimes as far as the West 
Ind~es (e.g.. humpbackwhales). 

The Gulf of Maine provides crltical 
habltatfor the northern rlghtuhale, 
the most endangered of all the marlne 
mammals found in the reglon. Be- 
tween Aprll and July, these ammals 
concentratearoundNantucket Shoals 
and the GreatSouthChannel,westof 
Georges Bank, and they are found at 
the mouth of the Bay of Fundy from 
late summer Into the fall. Females 
wnter and glve birth to young off the 
coast of Georg~a, but the males' 
winteringareasare uncertain. 

BIRDS 
The vaned habitats of the Gulf of Maine 
are breed~ng and feeding grounds for a 
huge abundance and d~e r s l ty  ofblrds. 
Shorebirds find foodm the mudflats 
and sand beaches of the Gulf as they 
mlgrate between theirArctlc breeding 
groundsandsouthernareas. Sander- 
lings, semlpalmated sandpipers, short- 
b~lleddow~tchers, and black-bellied 
plovers areespec~ally common. The 
p ~ p ~ n g  plover and least tern are the only 
shoreblrdsrhatnest on the sand 
beaches of the Gulf. 

Greatblue herons, osprey, and bald 
eagles feed and breed in and near the 
Gulf sestuaries. Heronsfeed on 
crustaceans and small fish in the 
shallows and usually breedln large 
rookeries on islands or on the edges of 
swamps or marshes. Osprey feedand 
hunt in the quletwatersofba~s and 
estuaries, and usually nest nearby 
Eagles mate for life and usually nest 
high in a live tree. 

The Gulf 5 shallow subtidal habitat 
supplies food for diving ducks, includ- 
ingelders, buffleheads, goldeneyes, 
scoters, oldsquaw, andmergansers Al- 
though only eiders breed in the Gulf 
region, most of these ducks spend all 
butthe breedlngseason along the 
shores of the Gulf, feeding on small fish 
and~nvertehrates 

All seabirds breed on coastal islands 
orprotectedpromontories. Some,ltke 
puffins, sheanuaters, auks, andpetrels, 
lire at sea exceptwhen breeding Early 
settlers and fishermenlooking for food, 
bait, and feathers dec~mated populations 
of some seablrds by the end of the 
1800s. Seablrds are nowprotected by 
law and theirpopulations are recover- 
ing. 

~ N C L L S I O N  
The Gulf of Maineecosmtem 1s com- 
prisedofa sertes of interconnected 
hab~tats,fornung the basis of human 
economic activlty in the Gulf region. 
People who live on the shores of the 
Gulf of Malne hare long appreciatedits 
biolog~cal wealth. Many have nourtshed 
themselves and made al~vellhood from 
its bounty. However, the sustaineduse 
of the Gulf sresourcesuiII requirenew 
attention to their management. 





The Value of the Gulf of Maine 

in d%out c i ~ d s e r  cod and haddock. 
]&n_rope~explorers disffrt.eFed de 
Gulf swealm in tka 1500sand rerurned 
year aBeryear tq harvest fmh aEd camp 
tkeir cat& bat& tq Eympe. In the fast I 
half b f r h i ~ i m a a m ,  psmanwr 
inhabiranmserded deaf the GUliF, 
making theirl@elibood~m  the?^^ 
of rtanaml rwmm+s in the regton. As j 
we approach the PLs( rentmy, t b s e  
rwurotrssdll fi&ureprum&n tlyin the 
%e~?sanddc6nampefGulfmsirf~ts. 1 'I 

-+ L . 
sob G&e&nz+.nd 1,350 hmeriean 
boars, as weI1.8sa~nr &GOO lohzer 
boaSbetweeathe nucrcowtr+w, In 
1 9 & ~ a r r ~ s f a r  the regintrfo~lerl 
nerrrlyU Mlion pounds (529,000 
merrictow), w a t h  appm%imate~$68Q 
million W.S. ($R%miBon C) . 

T h e f l s & i n & a b % ~ p a m  many 
moPiqSDple &anja$t tbePEshwnen 
&emselm: aMortanequal narebm 
work at&h pcwin&fohs .  Tkmmds 
of others are empIoyed building and re- 
pairing bum, dingfael a@ wppliesi 
~ndt iuplrgsd  sel%gfish. In same 
commufiftieaalcnigche souIhwwcon9t 
ofNova&oti% approItdm%tely 75% af 

bpopulationi$doertty depermdof 
oncsmmmial fi shing. T & w R ~  
value of the-fishttxgindusqro thk 
regionaIeconomymasmuth as thiee 
h e s  the value of &e B h  landed - 
app~oximately two billion dulkrs. 

In 1977, both Can* and t h ~  
UkitedStatessxttnded theirfishmiss 
mim-agernentjurisdictLon m ZOO d e s  
&hum FiFiwng hpmre~vesse~s,  
w&ch hadbeen intea& i n ~ h e  
%ion, wari_kgelyprecIuded. 
R&gm the GulfofMaineandon 
GeorgesW hadoubIed sin= 1977 
as U.S. md Caaadimfi&wgn have 
intensiftedtheir effort inordffto 

take advaneageof e~clu~iveri~kr.fstxa 
fishmocks. 

When Canadawd theUnYredSta%es 
a m d e d  thewjurisdicEitiqns, both 
aationaclairned GeorgesBftnk. &- 
ren-spol totxeg6ti;ueafi*her$aapw- 
rnentstnowingftlutual to 
Georgearnkfaikd. InDctohef 1984, 
the Inte~tion~CouetofJustiCe 
decided un a boymdary line tha 
di~dal jut i~dict imo~er Georggs &aak 
h e m  rbe two countrfes. C d i a n  
l a n d i s  h m i n t i e e a d  Sarcegdining 
e&clusive amessro tk rich gmundfiab 
and scallopgrounds m t h e N 6 e a s t  
Peakof Georgq Bagk. 



I 
Many new marine nsourca 
harvesting and cultivating 

ventures are being initiated. 
Among these are the harvesting 

of sea urchlns and seaweed, 
and the cultivation of fish 

and shellfish. 

.M/NI-I /ME 
Landings (Ibs) 

Weight 
MA/NH, ME 

&Value 
Value (US$) 

(millions) 

3OU- 

I Cnmpilod Emm data roOcrled byfedrrd and state wnries  
Year 
- -  

The rise in Canadian l (~nd tnp ,  weight, rtnre 1984 probably ran iw u l t n h l d  lo fiainingrzrlurii,~ nrress 
to lhr Noahem/ Pznk 01 Gem-3 Bonk URO. resoluli~~z of tht i n t m o l i o n ~ ~ l  houndm dzrOulv ?hp dwreme in . .. , 
LCS londings reJerls o &cease in &nd/ich slock,~, U ~ Y  well ar hs o f n r i e . ~ ~  lo tl~~.\brthrasl Peak. Value in 
h t h  countrirr ha? inmenred in n.@nse to htglz demand. ?'ha rutluonfm lhr d l / m u  in value b,,twr~n 
Cnnadrnn and O!S catch b z m i m ~ i n ;  il muj refin that the mqoely "/ Canadiaiinnfiah i.5 j roen i~lhilr f.!.S 

f i h  is .soldfresh. I n  ndrlttion, valurrble rh*.ll/iai~ speies makp o .gw-unl~rpro$rmimz o j  the folol catch in lbu 
L J . i  /hen ~n &no&. 

U.S. fish catch in the Gulf of 
Maine region has declined during 
the last drcade. Landings of cod. 
haddock, and flounder have experi- 
enced the greatest decline. Ilntil a 
recent price dournturn, limited 
supplies of these historically popular 
groundfish species led to increased 
prices. Shellfish landings by weight, 
and to a certain degree by value, have 
increased. 

Although stocksoftraditionally 
fished speciesappear to be dwindling, 
new markets have arisen for previously 
underutilizedspeciessuch as pollork, 
hake, and cusk. Many new marine re- 
source hamesting and cultivaringven- 
turesare beinginitiated.Among these 
are the hanresringofsea urchins and 
seaweed, and the cultivation offish 
andshellfish. 

The seaurchin fishery in Maine has 
grown over the last couple of years to 
an estimated annual value of two to 
three million dollars (U.S.)  in 1988. 
Most sea urchinsare harvested by 
divers and exported toJapan u-hcrc 
the roc is consideredadelicacy. 

In NovaScotia, the searvecd harvest 
tripled between 1Y85and 1988, 
growingfrrrm 15.4millio1i pounds 
(7,000metric tons) to55 million 
pounds (25,000metric tons). Rrlrk- 
weed and Irish moss are processed into 
thickenersfor food and industrial uses. 
It is likely that seaweed harvestingwill 



Gulf of Maine Aquaculture Hardest by Weight and Value of Selected Species, IS88 

Mass. 

New Hampshire 

Maine 

New Brunswick 

Nova Scotia 

Total Weights 

Total Value 
(millions) 

250 tons/225 mT 1 8.000 tons/7,200 m7 
S550.000 (US1 $12.4 million (US) 
$676,5000 (C) $15.",illiou (C) 

2 cons/l.8 mT 
$5.500 (US) 
$6,765 (C) 

I 
$5,500 (US) 1 $6,765 (C) 

.iOO tona/4.50 mT 5 ~ons14.5 mT 1,295 rons/1,166 mT 60 tonr/54 mT 
$5 rnilliorl (US) $40.000 (US) 1 $740,000 (US) 1 $l80,000 (US) 
$6.2 million (C) $49,200 (C) $9 10,200 (C) $221,400 (C) 1 

3,850 tons/3,500 mT 
$34.96 million (US) 

I $43 million (c) 

I I 
50 rons/27 mT 215 rons/195 mT 1.610 tnns/1,500 mT 55 tons/50 mT 

1 $252,033 (US) $1.08 milion (US) $1.63 million (US) $9l,057 (US) 
IS10.00~l (CI 1 $135 milliinn (a $2 mi~lion (c)  I $1 l 2 , O v l  (il 1 

1 $5.96 nli!lion (US) 
$7.38 mnll~orr (C) 

$34.96 million (US) 
$43 million (C) ' 

I 
$3.05 million (US) 
$37.5 million (C) 

I 

$4fl.Yl (CSI $112 (US) 1 $2.37 (US) $0.83 (US) 1 $12.4 (US) $56.93 (US) 

$49.5 (C)  $138 (C) $2.91 (C) S1.W (C) I 
$15.3 (c) ! $70.1 (C) 

I 

expand into other areas of the Gulf 
because thcse plants flourish 
throughout the Gulfs expansive 
rocky intertidal habitat. 

Although a variety of fish and 
shellfish rearingprojects have heen 
attempted in the Gulf region over the 
last century, itwas not until the 1970s 
that more intensive effortswere 
initiated. In the 1980s, theaquacul- 
ture industry hasexpandedgreatlyand 
further grolvthisprojected in the next 
decade. Currently., there areaquacul- 
rure operations in all of the Gulfjuris- 
dictions, raising primarily Atlantic 
salmon, rainbow trout, mussels, 
oysters, and quahogs. The culture of 
seaszallops, bayscallops, halibut, and 
baitworms isalso being investigated. 
Over 200 leases orgrants have been 
given to individrrals or  companies to 
raise finfish and shellfish in Gulfwaters 
or  on the seabed. 

Recreational fishing is popular in 
the Gulf of Maine and generates 
significanteconomicactivirp. The 
fishery in New Brunswickandh'ova 
Scotia is largely for Atlantic salmon 
caughtin coastal rivers. New Brun- 
swickestimates this fisher);, along its 
Bay of Fundy shore, to be worth three 
to five million Canadian dollars each 

year. 
In the New England states there 

were at least9 million recreational 
saltwaterfishing trips made in 1985. 
These trips resulted in an estimated 
catch of morr than six million fish in 
Maine,one half million in New 
Hampshire, andover 15 million in 
Massachusetts. The principal species 
caught were mackerel and cod, aswell 
as flounder, pollock, andbluefish. 
Massachusetts estimates that nearly 
790,000 saltwater fishermen spents803 
million (U.S.) in the state in 1987. 

TOURISM 
Seaside resortson Cape Cod, in New 
Hampshire, southern Maine, and Bar 
Harborbecame popt~lar in the mid 
1800s, and were frequented by the 
wealthy familiesofBoston,NewYork, 
and Philadelphia. Transportation im- 
provements, particularlyrail senice 
and later the construction ofhighways, 
mabled more people to escape from 
the cities tovacation along the coast. 
Changing socio-economic conditions 
following World War I1 led to in- 
creasedleisure timeand income- and 
tomass tourism. 

Today over a billion people come to 
the Gulf ofMaine coast each year to 
enjoy the pristine environment, the 
varied land and seascapes, the cultural 
and liistoricalattractions,and the 
many recreational opportunities the 
Gulf has to offer. In 1988, approxi- 
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Farsorg~ships m no1 as r a m o n  m thq mire w howmfm%es  stzll pmi& n linklo I& midm p maq iirlnnd rummunitits uflhu CaY; i23 rwL1 as 
M w m N m  .Fm&and~~AunsrOTcA. Tach j e n r a ~ ~ ~ r n o l e ~ ~  100,ONpeop&travel4y/~ bdun ,a& rrnd ihe US. The Scab Prince. above, lmv8L'r 
h e w  PmUand, Mame and Yumm~h, NDvn Smlk dunngth hem- monlhr Cruiscsh* -a r~...~. ...~. dgmmiq additdm lo fhe toufi~t tm& - made ovm 
1uoumw to culfp#d* ik 1988 

%& waftmngss aprom&g m n c q  in rke Fu(/gf~Uaane Here a whaler* spited gff BfwIskznd, i\mnr 
S&a. D m g  1986 m m l h a n  44 uesseh canpmg nppmztmlel~ I m t l l m  pmom mssed the Jeftiqs hedge 
andSki7wnggn Ifonk arm m r e d  ofluhab k a u  m I986 f~om a~halp ruatcRrngOpnattrmr in the 
soulhsrn GulfofMame a E  eshvmlcd of $1 6 mdhon U S  

matelv4.5 million people oisrted 
Acadia NanonalPark in Mxine, an 
mreasefmrn3 3millicmm1tors in 
1980, makingrt(hesecondmostw.lmted 
nat~onal park m the Unired States 
Cape CodNational Seashoreatrracted 
52million v~srtonm 1988, up over 
onemillion people since 1980. Fund? 
National Patk has held relatrrely 
constarnat between 650,000 to over 
700,000ois1torsover each of thelast 
ten years 

Secondhome d e v e l o p m t  IS 

rncreasing,af morepeopleseek the 
quality oflifeprovrded by a home m 
the coast. Although bummer houses 
have been common along the shores 
of the Gulffor the lastcentury, the 
building boom ofthe 1980s dramau- 
tally ina-eased the number of second 
homes h e m  cape Cod and m~d-  
mast Maine. 

Tourlsmis big busine~s in the Gulf 
of W n e ;  it I s a~ jo rcon t r ihu ro r  to 
state a d  provincral economies. 
TourrstdoIlar~an.an Important 
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Peqple are moving to parts of the 
Gulf region in unprecedented num 

ben. A recent forecast pmdicts that 
the metropolitan area defined by 

seacoast New Hampshire and 
southern Maine is one of four in the 
U.S. that will double in population 

between 1985 and 2005. 

source of revenue to ~oasZal tms,  
many of which hatre shifred frrrm 
fishing-bmed to tourrsm-lad econo- 
mies. The tounsmindusu~*on Cape 
Cod a~cauntedfor$I .9 billfan CU.S.) 
in 1985, mpresenri4g7S% o f t k  
Cape's economy. 

Qu~unm urn 
The value ofthe Gulf iil terms of 
enhancing the quditp ofliEe in the 
region is nearlyimpossible to measure, 
h t  thls factor is uer). impomant in 
generatbg economic-activlry, People 
like to live near theocean. Armntly 
published s u w e y ~ f h m e b u ~ e ~ ~ i n  
Mame found that 79% pmfsned an 
ocsm &w. Few pwpleran afford to 
h e  on the w a r ,  bur many mt.to live 
near the coast because they are 
e n a m o ~ d  of the charact~rafthe 
re~on'swastalflshingcammunities, 
itsworkingwtafronta, and tberural 
nreaswhereqpen spaceandfmland 
rllaractcrize tllr slroretio~~t. 

The region's high qualit\.oflXi, 
augmenrcd hc irs t i t s  tlrr. Gulfor 
hd&ne,is@rc%-edasaet. Arecent 
stud7 by the Eastern MameDevelop 
ment6orgmzatlcanfound &xat&S% of 
the 4QO chi&amtivps they m f ' l i d ,  
repmehingnearly fl)%ofthe3G%tZ's 
businesse8,beBeved qualityoflik to ke 
the m~sts~gnificantadvarrtage toa 
Mainebumness lowtion. Beople me 
mo- m parts Ofthe Gdf re@onin 
unprecedentednumbers. Arecent 
fo~castpred~a6t~hemampol iw 

/m"'"m,urm men m u  ,m,rr "',or, , , r " r r u r r , ~ ' n  irtr ,"a,, q .rrurnr i,,rurlu&n urro trmr'"6r.r mm\ I"">, 

/kh hnr nrr o / w I n l  o, , !ujvrrip ~r~,sk.  Irr w,r.hr.wtn, .Alr,r,u~hnuru nod Cn~dir 1,a~e luld p r l , c n n n ~  
oy"~*ntn1* iaIh 1;111 Cmnnn) a,td the Snvirr 1 ' n m  for m n ~ .  Gnrr 154%. .ll&r hsi  dad pmrmiiny 

arm de-Fmed byseacoast New Hamp 
shirr and southern Midme 1s one-of 
foutin the W.S. thatwill double in 
population between 1985and S(fU5. 

SBIPPWG 
In the1800s,slups awied .dtcod, 
lumber, andpnice fram New Eng- 
land and the hBantimesacross the Gulf 
ofMaineto dssnnatlonsin atherprnrs 
ofcheU.S. and Canada, a8 we11 as m 
foreign ports, bringing backsugar, :@a, 
and rnm. Although the cargo has 
di\wsif?ed, shippiag,partieulwly af 
petraleufn products, tondrrnes tobe 
an mporrant ~ $ 6  of the Gulf. 

exploftahlequanaitia-sS Howevzr. 
petroleum has sbw found nearsable 
Island,NowSc~ti%to the eastof-the 
Gulf. At prefent thePsiso<l indusq  
interest~n proceedingwith~il andgas. 
explorationon hi,.th the B.S. end 
Canadi i  parth ofEeorgesB;aak, but 
concerns about tbgpotenTtal enyirOn- 
mental impacts ofdriuing operations 
havesfowed a%g s p f f i c  plans. Re- 
source e8&wree forthemion brme 
mned enormously. Ple lJ.S Depit* 
ment bftheInter&e&atm t k a  
portionof Creorges Bank my be 
unddain by% m.dIi~nbmds of oil 
aad 0.5 rrilliuneubic &of natural 
gasas. Canadian Oil and Gas W s  
Ahmisu'atione*tlmat~s form 

O\rrrhe last thiny!ears. there havr adjxeritarr.aarr nluc hgrrater-one 
hern a r ~ r ~ r n k r  c , f  propowls to drill li)r to r h o  billion l ~ ~ n r l s o f  oil and five to 
oil and gc+s in thg Gulf ~e&n. In 1981 ten niIlion cubic f*T of @. The Gulf 
and 1982, Eve h e r i f a n  Gmpanies af M&epmper hasnever been 
dnlledei$btwellsdn G w r p  Bank, c o & d e d a  goad pr@pectfor oil and 
hut oil mdgaswere not foundin pa, bus so= intcmwfia the* of 



Furrdy hastreerr qre~edrecef i t ly .  
Extenshe m d  and gravel deposlts 

lie on the sea lp i  of the Gulf of Msine. 
To date, no zitinins hastaken place, 
bur it islikely that in the future it will 
bacomceclmornicaLIyfav~rabEe to 
exploit the%e o f B h o ~ e ~ e 8 u u ~ ~ e ~ .  

TIW mwm 
The pilot fkci1iq atI$nna~aIis Royal, 
NovaScoh is one Qf t h  ddal power 
sation$ cmentlpin operation world- 
wde,geneuing L'J.8 megawactsof 
electrfcity Tidalpotver Eaulitres have 
be= conaidered atotherei~eson the 
gay ofFundyas w4, but$mral mvi- 
rormmmS ecm~mi-c, and pdtcic-al 
issws rema~n to be resolved before 
construction proceeds. 

w m  omow 
The Gqlf of Maimis also valued for i t s  
aMky toassimila%e our wasres- sewage, 
PAdusvial effluent, illrpolIurants,and 
urbanandotherrunoff. QuantiFpftrg 
tha tdue  is currentIyn6xr toimpassifrle. 

0w.r the yms,sociery b a s ~ n  
found h a t  oemn CtrspasaI isasimple 
and a p p a r e n t l y ~ m n ~ l  wag to get 
rid ofwasu;~, but the Wecost of 
disposal,.inccl_u&bxg the lass of other 
valuedurn tha~we precluded bywaste 
d i s p d  ip ~lycalcQLa&.d.A I m  
mer bill na$rqmsenr cconomic 
& ~ ~ ~ r n  t hepe~spech  ofthe 
Wiewagrttre~tplafltDp~mcOr, but if 
shdSAsh Ira~thgb$evereLy 1im'tw.I 



by bacurialpolIution tram the sewage 
treatmentplant, the cast to~ch-ty  is 
ncit reflected in that bill. 

For example, in a recen t study 
e v a l e n g  thetrue cax ofseaage 
disposal in the lpsrvichand 
Newburypert area of Ma%s&chsetts, 
the cost ofallowing continued sewage 
discharges wasestimated at$700,000 
(U.S.), rqual to the bm&uto the 
commnnityafahwvestable shelBsh 
resource. E ~ t a a f e s  for r e m o ~ a g r h ~  
dischargpswew $r00,0a0. In such 
cases, it ismore efflciem forsaciely to 
clean up the discharges and produce 
additiond henefttg from aclam f s h q  
h % r t  is to mmtain bwsewage 
dispasal cosrsbyprwidinginadcquate 
tmtmem. 

It i&pmsible to conduct this kind of 
anaIysisforrelatively disefetesituations 
-one bay, onefmzn ofpolIution. m e n  
it comes m a- body tke &ze and 
eomplexiq-ofk Gulf of Mainc, which 
has exputnemxd langtmchmnicand 
cumularives~$fromhwwn acrivl- 
ti-, meh cost-hm&t assessnusirs are 
noteasilycompletmi. 

Oolvc~usrax 
Putting a totill price on the wlueof the 
Gulf i s ~ r i a l l y  unfeasible; by con- 
ventionalanalysisit would probably be 
measured in b~lhons of dollars. But, in 
mothersc~nse, the Gulfu literally tn- 
valuablc Mow than a collection of 
commoditks and services, it isan 
ecosystem with a life of its own, 
integrally connected to ourqmlirg of 
hfe. 

Theeconam~csof the Gulf are 
constant& changing. As we enter the 
lSSQ, commercial Gahingisfacmg 
shrinkingsmcksandcompetition owr 
access to watetfrontfacil~ties. Ship and 
hoat buildingand repairare being 
k a t e n e d  by the high priceof 
wace&ontproperty, Demand fornew 
and competing uses ofthewaterfront, 
such asfor homes and resauPanrs, is 
generateaby the region's relatmely 
hi& quality of life and isaffectlng the 
Yadinonal balanceof econ~mic 
activity in the Gulf region aswell as its 
environmental quality. The chart* in 
land use pattansis mare inensealong 
the Gulfs southweowrn shore and 
has been spreading to the east. 

Although uses of the Gulf and their 
rela&e d u e  am evolving, nearfp all 
depend upon mviromnentd i s t w  
r i tyx  a necesar)! prevqwisiw Far 
viability. Fishing, indudiq the  
promi~ingnew aquacdture 
indua~y, ismostdtrfrendentona 
prktirre emironment. The h$h_ 
qudityof life in t h e ~ @ g i o n , a h a i ~  
that is treasured by long-me inhxbi 
tamand that also macmrounslsand 
~ewresidents~ is tried to th@avail&~lit'y 
and abundance ofnatmal resources. 
Changing Larrd usgpattcrfisrhrough- 
out theregion have uncertain eco- 
nomic and envrronnrrntalimplica- 
tiona. E m  though many u s s  are 
dependent onahealthy envirnnment, 
aJl oftheusesdiscussedahove involve 
potential orcertain emiromrmgl 
rkks. These r&ge discussed in iha 
next chilpre~. 
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Stresses on the Gulf 

atreson the rRarineenvironm bp 
alt- hatri@t,intmduc$ngContami- 
nmzs, and i&uen&gpop&tron 
dymmns.Sffssha escalat&dasuse 
ofboth l a d  d t a a t w  has inmsi- 
fed. The e t r e s g ~  S s a &  Pn this 
cbapterigdude ths phfislfislcaI alter* 
tion o f c a a ~ ~ l l m d ;  "noqomt 
sourct-s'~ofpollutian, includingw11, 
di~pefsed sources and all kinds of 
runofR "poiat suurc&"'ncludin@x- 
dustfial, sewage, and OM 1- 

eqlosukinjand tbhamstingof 
ma* resource&. 

b n d  use p a m n s  m tire shorn of 
the Gulf ofmine havebee-nsll.ongly 
influenced byeconomicForces and 
nammlr~ouree-conditions. Himri- 
dly,itldusUieswere or&atcd towards 
the n a e l  r e s o ~ b h i n g , a g r i -  
cull~re, timber, quanya-md de-. 
pad& on ~ozssalwatm for transpo~ 
tarion andshipping. B~s;flowing 
into thP Gulfprovldedpmer to m 
I u m b w , ~ i n ,  and tsxfile mills. 
W rha.n apeasme mwn tmtd  
around majorporrssachas Boaton, 
P o r t s m a ~  Ponlfuld,&Saint 
John, while theremainingcoaatlfne 
w9a btergpewd b3 small fishingmd 
fa-# commun.Rim. TranSpOn* 
tionimpmemenur in the 195th 
altaed thecwditional belopinen t 

patterns, as hiihwapand automobiles 
fadlitatel &an expansion md 
suhurbansprak.lalongtbe GI&$ 
southwestshore. 

Thepopulation of the Galfregion 
isgrmingappraximately twceasfast 
in the gtates as in the province$. 
Gmwrhratesfor 1986 1986varyfrom 
17%in Rockin~hamC6unq, Mew 
Kampshite to a uerpbpulatim loss in 
Cumbsdqnd County, Kova Scwtia. In 
1986,population in the region's 

millionin MWachaetts,fareC~lF 
wide population a f ~ ~ 4 4 B 0 0 .  

Recmtpopul&on andeeonorhic 
growth hasdmar.ic~Ilychan&i rhe 
rypesand 1ntenSitics of land use in 
partsofthe Gulfr@on. I n ~ l ,  
theamount of land chat has ken 
developed m the past b r t y  yeais a 
mahgr-eateralsng the soutMstRa 
part of the Gulf coast than in the 

m m d  c ~ ~ i ~ w a s a p p ~ ~ t e 1 y  amount offoreawd land h a  
95,000iaXouaSeotia. 148,000 in New remainmlreliltively erableamd&e%l- 



tlornm~tm ~ L I I  bnlh j&m and perrtodpc, uh,hu h art zsmhal onlo ndpnnt 
dnwuqr p o ) * t ~ f I ~ t ' ,  and mob and rntv clrumr m, oad nlunrn, 

Rockport, ME Scarborough, ME Barnstable Co., MA 
300% ,"crease in 333% incrcaw ~n 255% ~nc>eaw ln 

dewloped land detelopcd land dexelopcd land 

Trenton, Me 
326% lnrreasr in 

Machias, ME Rockin ham Co., NH 
156% ~ n c r e a x  in 380% inLrea\c ~n 

d e ~ l o p e d  land developed land developed land 

Developed / Agricultural I Forest Other 

Populolinn and economir grrr,uith in llm lo,?/ lhin). jmrr haup drawlirnll);  c l ~ n n ~ ~ ~ l  lhe epfr and i n l m r i t , ~ ~  o/ 
land ust i n  pnrtr o/ lhu (;ul/r@on. A&lluml lnnd hnr 6PPn lost ~ h t l e  11Yuel@ed (nnd lras dnm.w<~sad. ?hi> 
lrend ts most e x l r m  nn Cape Cod and in u o c ' t h  Maine and Hnmp.~hi7?, and ddimnrec lo lhr ur&rt. 

30 THE GULF OF MAINE 

~ T E R A T I O N  OF COASTAI. HABITAT 
Coastal habitat has been altered and 
destroyed by land development ever 
since the first European settlers made 
their homeson the shores of Gulf. 
Approximately 65% ofthe tidal 
marshes and flatsin the Maritime 
provinces have been lost oraltered 
since the arrival of European settlers; 
much of thesewetlands were con- 
verted toagricnltural landx'hen the 
Acadiansarrived in the seventeenth 
century. Only 49,400acres (20,000 
hectares) of natural wetlands remain 
inNovaScotia, NewBrunswick, and 
PrinceEdwardlslandcombined. 

The U.S. Office ofTechnology 
Assessment estimates that 30 to 50% of 
all U.S. wetlands have been lost in the 
last four hundred years. The most dra- 
maticlossesoccurred between the 
1950s and 1970s, as a result of suhur- 
banization and numerouspuhlicworks 
projects. Demandforcoastalproperty 
along thesouthwestern shoreof the 
(;ulfcontinues to put pressure on 
beaches and salt marshes. Filling 
wetlands to create land suitable for 
building hasbeen and continl~es to be  
the primary cause ofwetland lossin 
New England. Unfortunately, no 
comprehensive documentation exists 
for total wetland acreage lost or  altered 
in the Gulf of Maine. 

Coastal wetlands have also been 
severely degradedoreliminated by 
dredging, filling, and hulkheading for 
port and harbor development. Prior 



Nonpoint rounes of pollution In the Gulf, including urban rund, forest 
and agricultural m n d ,  falling septic systems, shipping and boating 

activities, and deporitlon of air and river borne contamhunts, 

npnsent the gmatort threat to the nearshore environment because of 
thelr chronic and ubiquitous nature, their cumulative effect, and the 

dimculty of control or abatement. 

- - 

towetlands protection leg~slatlon, 
dredged materialwas dumped in 
marshlands as fill. For example, m 
Wells Harbor, Maine, approximately 
90 acres of marsh were filled ~ 7 t h  
sedimentsdredged from the nver to 
create a harbor. 

The construcuonofdamsforwater 
storageand hydro- or tldal power alters 
water flow patterns, as well as depth, 
temperature,andsalinit) in rrven and 
estuaries above and below dams. 

Coastaldeveloprnent also affects 
harrier beaches by exacerbating the 
naturalerosionprocess. Jemesand 
seawalls are bulk to stabilizeland, but 
actually they often hasten beach 
erosion. Seawallsand bulldings 
interferewith the naturalmovementof 
sand andother sediments and, along 
withdredglng,cutoff the supply vltal 
toadjacentbeaches, marshes, and 
mudflats. Barrler beaches have been 
sub~ected tointense use and develop- 
ment to such apomt thatnearly ererg 
coastal mile of beach in the Gulf has 

been sign~ficantly orpermanently 
altered. Only those protected as publlc 
parks or wildlrfe reservesreman 
unaltered, and, in many cases, theseare 
threatened byad~acentde,elopment 

N O N P O I ~  SOCRCE POI.LUTIOV 

Wonpomtsources of pollut~on in the 
Gulf, lncludlngurban runoff, forest and 
agricultural mnoff, fallmgsepticsyt 
tems, shlpping andboatmg activltles, 
and deposition of air and river borne 
contaminants, represent thegreatest 
threatto the nearshore environment 
because of thelr chronic and ubiquitous 
nature, thelr cumulativeeffect, and the 
difficulty ofcontrol or abatement. The 
recent increase in developed land 
w~thln the regon's watersheds has 
increased the occurrence of nonpoint 
source pollution in manyways. These 
include replacement of indigenousvege- 
tationwithla~nsandimpen-ious 
surfaces such as streets, park~ng lots, 
h lghwa~ ,  rooftops, and driveways. 
Altenngthe landscape to accommodate 

development often makesit more 
vulnerable to erosion, whlch can cause 
sediments and assonated contaml- 
nants to clog streamsand other bodies 
of water. 

No assessmenuofcon tamlnants 
contributed by urban runoff to the 
coastal waters of the Gulf have been 
made, but studresin several clties 
throughout the U S. and Canada have 
cons~stently found elevatedlevelsof 
petroleum hydrocarbons, including 
pol)cycllcaromatic hydrocarbons 
(PAHs), metals, and pathogens ~n 
stormwater runoff. 

Runoff should not be considered as 
only anurban phenomenon; s t o m a -  
termnoff fromless intensively devel- 
oped areas can also carrya s~rable 
pollutantload. 

Forest~andagr~cultural runoff 
contaln~ng pesucldes and fertihzem, 
nutrient?, pathogens,and soils washes 
Into the ocean direct l~or into 9treams 
and rivers that carry the contamrnants 
downstream to estuaries and coastal 
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- 
Most rivers contribute significantly to the pollutant load oi 
coastal waters; It Is estimated that the Merrimack River's 

contrlbution ol metals to Massachusetts Bay may be of the 
same magnitude as the Boston Harbor sewage outtall. 

- - Dne q l h e  num~-mpapn. ntlb loroud on ihr nv~r~jlowzng rnto the In tke last kmztygenrr, rtmhlu rYdurtrunr how hren mod@ 

an leueb oJholoyml ogxm demnd olad ruspendud sohdr rn mrN ri~rchori.es ,4letalr and or@ntr rompnundr nru dm drrrharged 13 
@@and pulp mtlk 

'n Boothbay Harbor Att.ributed to Nonpoint Sources 

I Boothba) Harbor, Mamewas 
choaen as a "control site" by the 
XationalMarine Fisher~es Service in 
asurvey of metals inorganisms and 
sed~mentsofAtlant~c coastal waters 
of the U S. In 1982. Surprisingly, 
lead levelsin Boothhay Harbor 
crabs ranked second h~ghest of all 
the study sites, with levels as h ~ g h  as 
in organ~smsfrom New York City 
and Philadelph~a. Furtherstudy of 
historic actinty in thissmall, resort 
town 1~1th a year round populat~on 
of 2,300 showed that nixher  the 
town'ssewage treatmentplant, nor 
any intensive industrial activityivefe 

I the source ofthe lead. Probably 
urban runoffwashed the lead from 
automobile exhaustsand crankcase 
oildrippings into the harbor. In 
Tuli and Aumst. over 5.000 cars ner 

boatyards may also have contrib- 
uted to the lead load. 

' , 
, I I 
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fad badma, and c m m  olgonrc and snolgomc 
cornpmndr OflOz UPpmblem of odon and@* 
m d  then apndIons, W ~ l b f r r h  r ! d f 7 h l r ,  
reaver more commune *sprmsr fhnn theproblem 
ofefluent dascharger, whtch are usual4 d a d  
only to houe locallied lm@d on wolerpably 

ent sources have found homesystems 
to be significant contributors of hacte- 
ria to certain areas. Attempts have 
been made to clean up  or eliminate 
the discharge of untreated sewage 
from homes in all of the Gulfjurisdlc- 
tlons, hut problems persist. megal 
"straight pipes"st1ll exlst throughout 
the region. In Maine, 3,000 residential 
dischargeshave been permitted; ~t is 
esumated that only one halfof them 
funcuon properly at any givenrlme 
and that nearly all fall at some point 

Manv of the ~ol lu t lon  sources 

waters. A nationwide survey of pesti- 
cide use in theestuarine drainage 
areas ofrheU.S found tharlands 
drainingmto New Englandestuaries 
have low pesticide use, less than 200 
pounds apphedper square mile per 
year, as cornparedto Chesapeake Bay, 
where 1,500 pounds are applied per 
square mile per year. However,like 
othernonpointsources, agricultural 
and forestryrunoff hasnot been well 
quantified in the region, but it may be 
importantgiven the Large area afforest 
and agricultural land that drains into 
the Gulf ofMaine. 

Inadditlon to runoff that carnes 
residuesfrom the application of 
pesticides, accidentalspills and leaks, 
aswell as Improper storage, handling 
anddisposal also contribute pestlc~des 
to the watersheds of the Gulf. 

Failing andmadequate residential 
septlcsystemsintroducenltrogen, 
phosphorous, chlorine,mruses,and 
bacterialnto coastal waters. Although 
there are many other sources of 
bacteria, includingmunicipalsewage 
systems, combinedseweroverflows, 
runoff, wildlife, and boats, assessments 
of the relative contrihutionsofdiffer- 

discussed thus far have been land- 
based, butthere are also manywater- 
based sources. Boaungand shipping 
activitiescontribute bacteriaand 
nutrients, oily wastes, debris, andlead, 
copper, and mhutyl tin from bottom 
paints to the Gulfs pollutant load. As 
recreational boating actlvitym the 
reglon ha%increased, the overboard 
discharge ofsewage in congested 
harbors and popular cruising anchor- 
ages has become aconcern, especially 
In areaswrth commercial shellfish 
beds. 

Oily bilge water isoften discharged 
fromvessels delivering oiland other 
cargo to and from the regton's ports. 
Although U.S andCanadian lawand 
an international treaty nowrestrict the 
amountofpetrolenm that can he 
discharged with hllge water, lack of 
enforcementmakesit likely that some 
petroleum still reaches Gulfwaters 
from this source. 
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Most sewage treatment plants 

a n  designed primarily to treat the 
orggen.demanding organic load 

and bacterial and viral pollutants 
in domestic wastewater; they a n  
not deslgned to handle complex 

Industrtal effluents. 
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fabricatingand finishingoperations, 
andchemical, plastics, rubber, elec- 
tronics, and equipment manufacturing 
plants. Many industrial plants have 
cleaned up theirwaste streams during 
thelast twenty years, in response to 
public press~reandgo%~ernment regu- 
lation, butthey stilldischarge,legally, 
awide array ofmetals, petroleum 
hydrocarbons, and other toxic con- 
taminants. There are an estimated 
several hundred industries thatpump 
waste directly into the coastal waters of 
the Gulf, but the vast majority of 
industrial effluent in the U.S. flows 
into municipal sewage treatment 
systems. Approximately 6,000 indns- 
tries in thegreaterBoston areasend 
theirwastes to the sewage treatmentfa- 
cilities at Deer and Nnt Islands in 
Boston Harbor. It is estimated that 
each day over a ton of toxics is dis- 
charged intoBoston Harbor from 
these twofacilitiesalone. Most sewage 
treatmentplantsare designed primar- 
ily to treat the oxygen-demanding 
organicload and bacterial and viral 
pollutantsindomestic wastewater; they 
are not designed to handle complex 
industrial effluents. 

Pulp and paper mills are one of the 
primary kindsofindustrial operations 
dischargingeffluent into Gulfwaters. 
Historically, pulp and paper mill 
effluent has been characterized by 
high biological oxygen demand 
(BOD) levels, which depletesdissolved 
oxygen in water, and high levels of 

suspended solids (SS) that settle out to 
form sludge beds and disrupt benthic 
habitat. In the last twenty years, sizable 
reductions have been made in levels of 
these "conventional"pollutantsin mill 
discharges. Forexample, henveen 
1972 and 1982, point source pollution 
on the SaintJohn River,where there 
are five mills, was reduced by 88% in 
terms ofBOD loading, and by 82% in 
terms of SS discharged. 

In addition to BOD and SS, chro- 
mium, copper,lead, mercury, andzinc 
are typically foundin effluent from 
pulp and paper mills. Concern has 
been expressed in thelastdecade that 
the use of chlorine in pulp bleaching 
has resulted in discharge of as m a q  as 
9,000 chlorinated organic compounds; 
some, such asdioxin and furan, are 
among themost toxiccompounds 
known. 

SEWAGE TKEATMENT 
Like control of industrial discharges, 
sewage treatment has been improved 
and expandedin recentdecades. In 
New England, most municipal sewage 
receivespriman, treatment, and much 
secondary In the provinces, many 
small communities have sewage 
treatmentsystems, while many larger 
cities, including SaintJohn, have 
collection systems that provide little or  
no treatment. In 1985,approximately 
5.5% of the population of the Atlantic 
provinceswasserved bysewers, but 
only 20% of the wastewaterwas 

treated;urastesgenerated by about 
788,000 people were discharged 
without treatment. 

Although the majorityof the 
population of the Gulf is serviced by 
sewer systems, thevolume of sewage 
received by many treatment plantsis in 
excessof their designed capacity. 
Some plants, especially thefacilitiesin 
the Boston area, are antiquated and 
cannot properly handle the demands 
placed on the system. In Boston and 
Salem,Massachusettssewage treatment 
plantsseparate out sludge, butthen 
discharge it  into the ocean at high 
tide, an ineffective processat best. 

In many areas, storm drainsare 
connected to sanitarysewers, causing 
sewage treatment systems to become 
overloadedafrerrainstorms. This 
results in raw sewage being discharged 
into the Gulf through storm drains 
known as "combined sewer overflows" 
(CSOs). CSOs in Boston and Port- 
land, aswell asalmost ever).smaller 
sewagedistrict, discharge large 
amounts ofmtrienrs and bacteria 
from sanitarywastes,metals and toxics 
from industrial waste,andmetals, oil, 
andother hydrocarbonsfrom street 
runoff. 

Mostse~vage treatment plants 
disinfecttheir effluent with chlorine, 
butthe discharge of chlorine isa 
growing concern because ofits 
potential toxiceffectson marine 
organisms. 
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POWER PIA~TS 
Thereare numerous coal, 011, and 
nuclear power plants, as well as one 
tidal power faclllty, along the Gulf of 
Maine coast. These facilities are not 
major contributors ofpollurants to the 
marine environment, but cooling 
waters, usedin all but the tldalpower 
facility, cause thermal pollution and 
resulting localized impacts Cooling 
waters can contain elevated levels of 
metals,contributingto the total 
contamrnantloadm the Gulf. The 
pollutantscontained in alremlsslons 
from these facilities may ultimately 
reach the watersof the Gulf of Maine. 
PAHs from the burning of coal and 011 
reach the Gulf through precipitation 
and runoff. Sulphur d~oxlde emissions 
are aleadlng cause of acid rain. 

The stresses caused by the tidal 
powerfacility atAnnapolls, Nova 
Scotfa do not result from amy dis- 
charge, but from the alteration of tidal 
currents Larger tidal power projects 
proposed for the upper Bay of Fundy 
couldsignificantly increase t~dal  range 
throughout muchof the Gulf. Result- 
ingchangesincun-ents, temperature, 
and upland flood~ngwould have a 
significant effect on the Gulfecosys- 
tem. 

0cFAN DrsPOSAL 
Oceandisposalofwastesare regulated 
in Canadaand the U.S. and by interna- 
tlonal ronventlon. At present, thevast 
rnajonty ofocean disposal in the Gulf 
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reglon is of dredged materials. Dredg- 
ingis undertaken to improve and 
maintain naolgationchaunels and 
moonngareasfor cornmercidl a ~ d  
recreational boats Alarge mainte- 
nance dtedgingprojectinPorrland 
Harhordeposltednearly 1.1 million 
cubic yards (840,000cub~cmeters) of 
dredge spoilsin the Gulfm 1980, a 
substantial amountof the total 2.3 
million cubic yards (1.75cuh1c meters) 
dredged by the U.S.Army Cotpsof 
Engineers in Maine between 195Oand 
1981. Therearefaur major disposal 
sitesin the New England region of the 
Gulf. Dispo$al permits for small proj- 
ects have been granted for other areas 
on  a one-time-onlybasis. 

CanadIan dredgmg projects in the 
Gulfregion averagelessthan 26,000 
cubicyards (80,00Ocubicmeters),and 
malntenanceprojects occur less 
frequently than inNew England, due 
to different oceanographic and 
sedimentationcharacteristics. Saint 
John Harbour is the o d y  area that 
requires annual mantenance dredging 
(averaging500,OOO cubicmeters per 
year) due to siltationfrom the Saint 
John River. 1)isposal sites are not used 
for morethan one year at a time, 
resultmg in alarge numberof small 
disposalareas scattered throughout 
Canad~anwaters. Studies conducted 
on materialdredged from SaintJohn 
Harbour haveindicated mlnimal 
contamination 

Both dredging and dumping of the 
spolls can putstresson themarine 
ecosystem. Pollurion can hespread bt 
movingsedimentscontaminatedwth 
PAHs,PCBs, andmetalsfromharhors 
and hays toclean, open ocean areas. 
Pollutantssequestered in bottom 
sediments can be released from the 
sediments when theyaredisturbed o r  
exposed by dredgingactiv~ y. Bottom- 
dwellingcommunitiesare temporar~ly, 
and sometimes permanently, destroyed 
both in the area that is being dredged 
and in the area where thedredged 
matenalisdlsposed. Dredgingcan 
also cause increased ero$lon ofcoastal 
land hecausertdisruptsnatural 
sedimentaryprocesses. 

OIL SPnLS 
More ml enters the marine emiron- 
ment than any other toxlc contaml- 
nant. Marine transportation~s 
respons~hle for 46% of theworldwide 
input ofoil inta theoceans. Only 29% 
of thisinput is from accidental spills; 
the ma~ontyof the input is from the 
chronicdischarge of oil fromvkssel 
andportoperations. However, acci- 
dental oil spills are a longstanding 
public concern because of their 
carastrophic impact on themarine en- 
vironment. 

A number of oil spills have occurred 
in the last three decades rn the Gulf 
region. In addition to the huge spill of 
7.6 milliongallons (28 9 million liters) 
from theArgoMmrhatoff Cape Cod 

in 1976, in the past twenty yearsseveral 
large spillsranging from 200,000 to 
well over 600,000gallons (0.8 to2.3 
millionliters) have occurred in New 
Hampshire and Maine-particularly in 
Portsmouth and Portland Harbors. 
SaintJohn experienced a major spill in 
theearly 1970s, promptingan agree- 
ment between the U.S. and Canadian 
Coast Guards tocooperate inoil spill 
cleanups in the Gulf region. 

The two federal governments have 
recognized that many oil and chemical 
spills can be prevented through 
training,vessel inspections, construc- 
tion and equipmentstandards, and 
traffic regulations andguidelines that 
praentcollisionsandgroundings. 
Regulations are also in place to reduce 
operational discharges of oil. How- 
ever, the experience from recentspills, 
the Exxon ValdezinAlaskain particular, 
has shown that, despite efforts to 
minimize the riskofan accident, such 
risk cannot becomplctelyeliminated. 

ENERGYAND MINERALEXPLOE4TIOU 
There is no ongoing exploration for 
energy or mineral resourcesin the 
Gulf, although it has occurredin the 
past and will most likely occur again in 
the future. The potential impacts of 
offshore oil andgas exploration 
include: lossofaccess by fishermen to 
the seabed and waters around a 
drillingoperation; damage to fishing 
gear from debrisjeuisoned overboard 
from a drilling rig or supply vessel; and 
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Extensive efforts are bemg made in 
the Gulf region, some of them coop- 
eratively among theU.S. andCanadian 
governmentsand fishermen, to 
improve fish harvestmg technologyso 
thatit selectivelyharvests the species 
andsize of animaI desired w~thout 
damaging youngerfish, other species, 
and bottom hab~tat, alongstanding 
concern. Forexample, lobster traps 
now have escapevents that allow the 
releaseofmderslzedlobsters. Shrimp 
fishermen fromNewEngland have 
begun use of aspecial separator trawl 
net in the sprlng to minimue the 
number ofjuvenile fish, especially 
flounder, thatare caughtand thereby 
killed. OngoingU.S./Canadacoop 
erativeresearch to improve the 
selectivity ofgear used to catch 
groundfish involresexperimeuting 
withdifferentnet mesh slzes, shapes, 
andcolors. 

Relative to other parts of the world, 
the killmg,in~uring, or entangling of 
marlnemammals, blrds, and turtles in 
fishlnggear occursinfrequently m the 
Gulf However, theU.S. government 
has lmposednew report~ngrequire- 
ments on  thegroundfish andmackerel 
fisheries in the Gulf of Maine because 
then incrdental take of marine 
mammals may be high enough to be of 
concern. 

Aquacnlture~s a relativelv new 
activ~ty m the Gulf of M m e ,  and any 
stressitmightput on the watersand 
other usesofthe Gulf arenotyetwell 

I 
The Maine Geological Sunay ertimater 
that maan w a  level will rise by 1.6 to 
2.4 feat (48 to 72 centimeters) In Port- 

land, and 2.3 to 4.8 feet (69 to 144 
centimaters) at Eastport, Maine in Pas- 
ta-quoddy Bay over the next centuw. 

documented. Possible effectsrelate to. 
the depos~tion of fecal matter and 
waste food beneath the pens; the 
depleuon ofd~ssolred oxygen levels; 
nutrientennchment; thetnrroduction 
of antihtotics and hormones into the 
watercolumn; the introductlonofnon- 
indigenous fish, andthe spread ofvlral 
and bacter~al diseasesfrom hatcheries 
to coastal waters. Careful selection of 
pen sltes in areas where there is 
adequate circulatton and flnshmg, and 
avo~dance of shallow, constricted 
embayments may reduce these poten- 
ttal problems. 

SFA LmXL RISE 
Scientists predct rapid andunprece- 
dented changesin the earth's climate 
due to pollution-induced changesln 
the composition of atmospherfcgases 
Average temperaturesare predicted to 
rise by 0.5 degrees F. (0 3 degrees C . )  
per decade, 10 to 50 times faster than 
amthingin recorded h~story The 
"greenhouse effect" has major impllca- 
tlons for the Gulf of Maine Global 
warmlngwill cause seawater to expand 
and thus sea level wll rise The M m e  
Geological Survey estimates that mean 
sea level will rise bv 1.6 to 2.4feet (48 

to 72 cenumeters) in Portland,and 2.3 
to 4.8feet (69 to 144centlmeters) at 
Eastport, Maine in Passamaqnoddy Bay 
over thenext century. Warmer tem- 
peratures could affect the Gulf of 
Maine fisheries by making the Gulf a 
less suitable habitat forcoldwater 
speclea 

CONCI.CSION 
Despite successful efforts during the 
last two decades to mtnimize some of 
the major stresses on the Gulf, many 
smaller, dispersed activities are havinga 
cumulative impact on the ecosystem 
Sewage and industr~al treatment have 
heenw~deiyinstalled or upgraded, but 
contammanu reaching the Gulf 
from nonpointsources are largely 
unchecked,large scale development of 
wetlandsandbeaches has been hmited 
by regulation, hutimportantwetland 
functions i r e  being disrupted by small- 
scale, incremental coastal development; 
most fore~gn fish processingships have 
been excluded from Gulfwaters, hut 
efforthy U.S. and Canadmu fishermen 
has doubled during the last ten years 
The challengeof the 1990s is to address 
these sources of stress, as well as to 
continue to elirmnatepointsources. 
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Effects of Stresses on the Gulf 

L'M.\N-I\DUl:ED SlI'KL$SES 

on the (:111f affccr 1111hlic 
andcnvironnic~~ral 

health, aestheticand recreational eh 
ioyment, and economic well-beinpin " .  - 
several, primarilycoastal, regionsof 
the Gulf; the potential for even 
broaderimpactsisgreat. However, 
because datafrom different research 
projects 1s rarely comparable, little 
comprehensive informationexisDon 
the Gulf-widelmplicationsofenmron- 
mental degradahon. Agreat deal of 
research andmonltorlng wlll be 
required to hetserunderstandhow 
much contamination, habitat loss, and 
overexploitat~on the Gulfcan sustaln 
withoutpermanent damage, and, 
more importantly, todeterm~ne the 
level of protection whichensures a 
sustainable ecosystem. 

ACUTE AND SUBLETHAL EFFECTS OF 
TOXIC CONTAWATION 
Acute effects ofcontamlnation are 
those which have an immediate and 
significant impact, including death; 
sublethaleffecuare lessimmediately 
hfe-threatening but can impair envi- 
ronmental qualityovertlme. Acute 
effects have been recordedduringepi- 
sodes lnwhich toxic compoundswere 
accidentally released ta themarine en- 
vironment. 

For example, In 1971,5,000 gallons 
ofjet fuelwere spilled in an Intertidal 
cove inPenobscot Bay; five yearslater, 
65 acres of clam flats remained devo~d 

of clams. In 1976, bunker C oil spilled 
from LheA1-goMerchantsoutheast of 
Cape Cod resulted in 20 to 98 per cent 
mortality in cod eggs sampled near the 
spill; samples of surviving cod, and par- 
tlcularlypollockembryos, displayed 
genetlc damageandevidence of 
developmentalahnormalit~es Festi- 
cldeswere responsible for Increased 
larval mortalltyin ten specles offishln 
thesouthwestern G u 4  in areas 
receiving runofffrom cranberybogs 
andmarshes treatedformosquito 
control. Such episodes, however, are 
relatively infrequentandlocalized. 

The greatest threat to the health of 
the Gulf ofMaine (even consideringa 
catastrophic oil spill) is from the long 
term effects of thewidespreadand 
continuinginc~oduction ofsmall and 
seeminglyinsignlficant quantitiesof 
persistent toxlc materials to marinewa- 
ters. Largely unseen, the sublethal 
effects ofsuch chronic contamination 
can cause significant changes in 
ecosystem propertla includingprc- 
ductivity, recruitment, reproduction, 
andcommunitycomposition. Unfor- 
tunately, if suchchanges occur they 
are noteasy to detect, hut they are the 
warnlngslgns of degradation thatmay 
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trace metals, and synthetic organic compounds such a s  PCBs, . .. . 
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Gonadal tumors, lan~aldeformities, redtrcedsettling rates, thinningof 

eggshells, reduced sunival of eggs and young, and other indications nf 
impaired rrproductive ability; 

Deformed tissue and cancer; 
Reduced feeding rate, growth rate, and body weight, and other indicators 

ofdecreased productivity; 
Impaired ability to respond to stimuli; 
Increased, hutnon-productive respiration; 
Decreased resistance to disease; 
Brain andliver damage, impairment of neurological function, and other 

physiological abnormalities. 

Effects on Ecological Communities: 
Decrease in numbersof species and individuals; 
Lossof srnsitive species; 
Decrease in hiornassand productivity; 

Change in relative abundance of species. 
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he difficnltif not inlpossible to 
completely reverse. In Boston Harhor, 
fin rot and livrr disrase are prevalent 
in flounder and shell rotis widespread 
in lobster; these are examples of the 
sublethal effects ofchronic pollution. 

DISTWBUTION OF TOXIC 

CONT.*lINiWTS 

With varyingaffinities, many contami- 
nants hind to small particles that settle 
out in saline waters. As a result, 
sedimentsare asinkfor contaminants 
in the marineenvironment; they may 
contain 99% of the toxic compounds 
in a marine ecosystem. Much of the 
datarollected to date on toxicacrumu- 
lation in the Gulf therefore consist of 
analysesofthe sedimcntsand biota of 
the sea floor. Such data are an 
indication ofcontaminan tconcentra- 
tion and disvibntion, but do  not 
provide information on  itsefiect. 

Generally, there isinsufficient 
information to demonstrate Gulf-wide 
trends in cnntaminant accumulation, 
eithergeographically or  over time. 
However,existingdata indicate that 
the highestcontanlinantconcentra- 
tions in the Gulf occur in coastal 
elnhayments and nearshore waiers ihat 
border urban andindustrial areasand 
where major sources of runoff; such as 
rivers, reach the marineenvironment. 
Samplesfrom thedeepwater portions 
of thr Gulf exhibit trace amounts of 
contaminants. 



The greatest threat to the health of the 
Gulf of Maine (even considering a cata- 
strophic oil spill) is from the long term 

effects of the widespread and continuing 
introduction of small and seemingly insig 

nificant quantities of persistent toxic 
materlak to marine waters. 
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The di~hibution o / k d  ir murh highcin Hoston H a n k  
i m f m  o/hlnrsachus~etts Raj. 

Concentrations ofpolycyclic 
aromatic hydrocarbons (PAHs) in 
some nearshore areas of the Gulf of 
Maine are comparable to much more 
heavily industrialized areas. PAHsalso 
occur in trace amountsin the deep 
water basins of the offshore Gulf of 
Maine; offshore transport offme 
sediments andassociatedorganic 
particles, and direct deposition of 
airbornePAHs, most likely account for 
theirappearance in these remote habi- 
tats. In a survey of over 170 sites 
throughout the coastal U.S.,sedim~nts 
at aBoston Harbor site exhibited the 
highestconcentrationsof PAHs. Five 
other sites from the Gulf of Maine 
were within the top twenty-two most 
contaminatedsitesfor PAFls. 

rsedrmmL$ lhan m those o/lheoffrhme 

A similar pattern is apparent for 
metals. Salem Harbor, which receives 
wastesdischargedfromset~eral tanner- 
ies, had the highestconcentratinn of 
chromium of 170 sites sampled in the 
coasta1U.S. Boston Harborsediments 
contained the highestlevelsreported 
for antimony, silver, and tin. Gulf of 
Maine sitesranked within the top ten 
sites for ten of the twelve metals 
examined. Analyses of sediment cores 
from Boston Harbor and Massachu- 
setts Bay indicate that metal contami- 
nation hasincreased dramatically since 
1900. 

DatafromJeffreysBasin indicate 
that it may be an offshore depositional 
area; metal concentrations are equitra- 
lent to thosefound closerinshore. 

Tributyl tin is a complex of tin and 
organic compounds, An antl-fouhng 
agent used to treat boat hulls, the use 
of tributyl tLn is now restrictedbecause 
ofits extreme toxicitv to non-target 
organisms such as shellfish. Levels of 
tributyl tin as high as 500 parts per bll- 
hon, as hrgh as any observed world- 
w~de, have been detected in Boston 
Harborsed~ments. 

Asuney ofthe sedlmentsofthe 
deep*ater basinsof the Gulf revealed 
polychlorinated biphenyls (PCBs) 
presentln atleast tracequantities at all 
sites One site in Boston Harbor had 
the hlghest level of PCBs of 170 siees 
sampled nationwide 

ACCUMULATIO~ OF C O ~ T A M I N ~ T S  BY 
MARINE ORGANISMS 
The effectofcontam~nated sediment 
onmarme organisms~s not suaighffor- 
ward. The ~ncorporation in the food 
chain of toxlc compounds depends 
upon the form they take, their reaction 
mth organlcand other compounds, 
the chemlcal environment in which 
they exist, and thedegree towh~ch 
they are buried m the sedments or 
resnspended. The effect on an 
organlsm also depends upon its type, 
habitat, and food 

As afirst 5tep toward determlnlng 
theeffect of contamination on marine 
organisms, dataare frequently col- 
lectedon the accumulation of toxlns 
In the tissues of mch organlms. As 
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with sediments, however, such data do 
notprov~de tnformat~on on the impact 
of con tanunants. 

Mussels from three Boston Harbor 
stations were among the mostcontami- 
nated, in terms of PAHs, In anation- 
wide "mussel watch" program. 

In 1984,Casco Bay recorded the 
h~ghestlevelsoflead, the third highest 
levels ofsilver, and the fifth hlghest 
level of zinc m fish livers in a survey of 
contaminants in United Statesfish. 
Elevated metal concentrations were 
detectedin musselsfrom Penohscot 
Bay in the late 1970s, and agaln In the 
late 1980s. 

Ev~dence of metals in fish tissues 
can be mlsleadmg. Scallopscollected 
fromBrownsBank, where sediments 
revealed no contamination, had higher 
levels of cadmium in their trssues than 
scallopsfrom ahighlvunpactedsite. 
This phenomenon may be explained 
by differingnutritionalcondltions, 
rather thananthropogen~csourcesof 
the metal. 

In 1984, yearsafter anear total ban 
on the use ofDDTin North America, 
llvers of fish sampled in Boston and 
Salem Harbors contamed significant 
concentrationsofDDE, theprima~y 
t o m  ofDDTln environmental 
samples. Boston Harbor samples 
contained nearlvnvice the level of 
pesticides found in any other site in 
the Unitedstates 

PCBs, also banned in North Arner- 
Ica. are found in tissues atconcentra- 
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Recently, rcimlirls have obs~rved m m s  blmms of mccoltthopkmer, o 1yp of.siag& 
ulled algae, tthn stmch mhzly amss ihe Calfof Maine. Thq hypotheriie that them 
phaomono ,  which last on& for hua m three weeks, may a&t lha roncenhalion of 
carbDn dioxide in rrrface wafers and the atmosphere. 

protection measures that are appli- 
cable; only the animals th-emselves are 
protected. 

Habitat loss andimpairment, along 
with overhamesting, hasdramatically 
affected populations of diadromous 
fish, includingsalmon, sturgeon, 
stripedbass, eels, shad, and alewives, 
which spend portionsoftheir life 
cycles in both the sea and fresh waters. 
Damming of rivers throrrghout the 
Gulf region to generate electricity and 
createimpoundments blodtspassage 
tovital habitat. Chlorine, used to 
disinfectdome~ticwaster\~ater, can be 
highly toxic to marine fish and 
shellfish, particularly duringjuvenile 
stages. Several species have been 
shown toexhibitavoidance behaviorat 
chlorine concentrations so low they 
are nearlyundetectable. Fish return- 
ing to their natal rivers may be de- 
flected by trace amountsofchlorine 
dischargedfrommunicipalsewage 
treatment facilities. Acid rain also 
affects diadromous fish; the pH of nine 
river systems in Nova Scotia has 
declinedsince 195.5 to the pointwhere 
Atlantic salmon cannot reproduce 
successfully. Gulf-wide, wildsalmon 
populations have been decimated; 
active restockingprogramsare neces- 
sary to snpportalimited recreational 
fishery. 

Tidal powerstationsalter the tidal 
range of the water bodybehind the 
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L'ulf/x$mlodm o / h r  m. pi@ngphmm, and olhrr tdrds mp l h t m t d  ar mnooch,,,y dnvl~@"u and ,nr 
htnror Oh4 3Cflpwn ofpiping@-n m m  in lhr Gu:rrl/o/.~fuzw; ohost halfof ~hrwrMwt&pcpulohm. 

i m p o a d w m r m j ,  amdmttm &X~URCE EXPLOITmm 
irtemmt ofeW8flatsdmt.aszimpor- E;nlfpopulatioas of seals, whales,ami 
a n t  feeIt'i.;meota E d r k k ~ & ~ d I m h  wedspec ies  ofhi&WeFe cbplehLd 
a n d s p m t a g a m s h r f n h .  Tk ti& h y h u n ~ n o w l a r g d y  brrrx*~ed. lClf 
powerplarrtthat currmly qem m Hght w h i f i e s @ e s e n c ~ ~ e d  re the 
t h e ~ a o E ~ i s v e r m N o v a S e o r l a ~  GuIfoEMain~.five(humpba&,%, 
&c*d lucal clumtpanenw, caused right, sei, and sperm) are rn(hngereci. 
upstream riverbank erosion, killcd fish The Gulfof Jlainc is critical hahlrat for 
@ngchrsnghrhrwbinm% ahwed 
the natural depwicion ofwdimrn& 
and irdlmnced f h ~ s o f t W  clam 
fmhesyln &Ann@olisBaSin. The 
poporffB Ninas_BasFnprojeet tin&$ 
upperkyaf  Fu~dyl  cmdd rw1t m an 
incremein ti8almgedoq the 
1m@ MtheGalf mast,m&iq 
upland and r n u ~ d u r n m ~ d  
i&kg c&mfltnfltnstice thfmgborn 
theGrrlt 

Aa wa iwel continue5 co ilse, 
8 h o b W t r e a r . W d  The 
m o s  omspi~~us&rcge&will occur 
along e a s i l y e I - D M & k w ~  
coasts: 4- hl&IE&cheriri~lt 
mar&ea, gnafloodzones. 

thenmhrmrightwhde; the 300 
mdlvidnds that FPqm the Gulf 
r e p r ~ ~ ~ ~ n c i r e w o r l d p p n l a t i e n  
of thi$sfjecbs. 

Overexploitation h S  dmwically 
altered&hstocks in thk deep water 
portions of theGuIfofMaineand orc. 
IFe,argc~Bmk Toral biiem,whf-& by 
I S 1  haddeslined-fram a mmimurn of 
setrt-nion m t n e  tom to appro&- 
matelytkree to threeda  half 
aillionggeuic tons, has tontinwd in a 
downward tpeizd. Cod storksfiave 
d d i m d  50% in the last h&. 
Altko~orhaEa~m,i~~IUdiag10n$- 
term &if&& tixnpanmz, mayalso 
Hecrfiah stacks, thedecreaseis rtlost 

marked for speciesof commercial 
value,lnd~cating thatfishingislikely 
responsible for the change The 
decline in commercralspecies has 
resulted in achange rn the relatlve 
abundance offish in the Gulf. In the 
1960% surveys offish stocks demon- 
strated thatredfish and haddockwere 
the mostabundantspecles, comprising 
28% and 12.2% of theweight per 
samphng tow. Abundance of these 
speciesdechned in the 1980s to 7% for 
redfish and 4.8% for haddock. Mean- 
while, dogfish rose to 23.2% and hake 
to 17.5% of the weight per tow. 

The herrrngfishery onGeorges 
Bankcollapsedm 1977 under heavy 
fishingpressure. Now, twelve years 
later, herringstocksare sholrvlgsigns 
of recovery, hut fisheries managers 
questron whether th~s  specieswill ever 
return to its former levels. Total hio- 
mass on Georges Bankdeclined in the 
late sixties asEuropean and Asian 

THE GULF OF UAINE 47 



While overharvesting may be the 
greatest factor in the decline of 
fish stocks in the Gulf of Maine, 

the cumulative Impact of pollution 
and habitat loss is most likely 

taking its toll as well. 

t k t s ~ l o i t e d a k w d  array of 
species onthektrmk Smcks ~gasered 
brieflywka r&&f?~rts of distant water 
fteetnumemmitrtpd in 1977; however, 
an increasein U.S. and Canadiarr fish- 
ingeffort hBs lead to a &and decline. 
Do$&md s k a t ~ s n a w m ~ ~ t  
ahwt 70% afth~loral CIW'gwBank 
finhh bioma. 

Alonfpvf&~ ttie cKg?rpeviR biomas 
and syeriescmnpws?tion there have 
been chwgwhi fie a@ eti5ctafe of 
various finfish sracka m the Wfof 
MeiILe. A & k ~ ~ l e  ofhe 
c-inags-saum-ch 
flounder. fn 1980. themere fkk aa 
old as-= y w *  by 1985, the olden fish 
rvere20and rherewereno t h r e w  
oldj; bL987, b a s  d.asw(t wry 
hdn$ed fish fFom 5 to 18 p a n  old. 

X q l o h b n  san alp0 Ltpbd m the 
repkmmzafoneqmea byanothes. 
For W l e ,  the imms& ia theamd 
hune  pupulation, evlboIrth recat 
pemxmapmheen m&@pO.iSiile 
hcansei@mwtePffSdt.nt campetitow 



andlorp-edatom ('erringand mack- 
erel) wete d e c i m d  by the distant 

f leas dming the 1960s. 

CDMUUTIP~ IMPACTS 
T h e  k p t  of enviromnegtal BUCSW 
&Fall typacan h e c m w l a t k .  The 
impiret ofa  pzrtitlakr cont;rmirrarrt on 
an i n d i t i d w a l ~ m , . p c ~ p u ~ o n , o r  
community cannmadquaielpbe a@- 
se~dwitho~aLsocm~iderifle;tha 
o ths . r~esa f s t r e s se~  rha tge  present. 
bnorg;tnisrnnraybe tolerantofany 
s~ngbe s?zesa, hut two ormoresuch 
burdens may imp& i n  ability to 
fuucdorr naturally. TTh9 marine 
etrvironmemmntain4mad$inatural 
s t ~ e m :  dailyandsga9onaIchang9;ern 
ernperatme; c & a a t q  in saliniTy, 
winds, mrenrs;  tides, m d  periodic 
exposure mait; wthtopo-genic 
stressesmld to tbbarden afa&e 
organism ammptingtoaedim~tpaad 
t&iveinavariable e m h n m e n t .  

C u r n u l a k  impactmay p K P T d  
ecological c h q p f o r w h i c h  themis 
no  apparent single cause. For w- 
arprple, five- ofampkng indiates 
that, fffrmlmowhre;asons, ~ e a s d o p s  
from deepwater sitesin the ~ululfof 
h4akar.e nutfEioItallydef1cignt & 
lackrhegly-sen= n-y 
fnrspawnhg. Iksezpopttlazimsap 
parmtlyaretro~prodncingthem- 
selves. 

Unusual algal blooms may also 
indicate t ~ t h e m a r i n e e c ~ e m  is 
ouroftlalgnce. Bloam ofthe red tide 

dlganism and other mxic algalspecks 
a te  ofconcern not ohly for dle-if 
*pactonsheTm%heries bmbecause 
they may besymptomatic ofenviron- 
mmml~vess .  In 19.89, rptd tide 
~ ~ h e d  &cimtly highcon~mtm- 
tiomon GeorgesBank torequiPe limi- 
tations on the hxrve3tof shellfmh. 

Obviausxonrces of ecologgal stress 
mv maskthemIs playedby d p r  
impacts, While o w r h a r v e s t i ~ a y  be 
the$pateSt factor in the d e c I k o f  
fish socks in the GulEofMaine; the 
cumularive impactofpoIlution%nd 
habitatloss is most Ii!+taking ita toll 
uswell. 

P U E L ~ C ~ T E  
Shellfish comminifteflwihsewage 
m d r u n o H t e p ~ n t a p o t m t i a l  t h a t  
to pablic health; howpvet,riprous 
monitoringandconmol programs 
provide aelequatedeguardsthrmgh 
out th-e Gulfqfon. Svimmingrs 
ptuhibitedabaeveral beaches in the 
Gulftegibn. On anygiven *during 
the summer, app+onimately30% OF 
Boston Harbor beaches a x  closed to 
swimming. In Maine, in 1988,sKim- 
mingstarraiardswereemxded far the 
fmt timeat some ba&es.The 
AnnapolisBadn, in NoVaScotia, waS 
also c l o ~ d t o e i n g i n  1989. 

&mz.eive body burdens oftoxins 
canpreaent a hxalth hazard tocon- 
seare+s dfbh arrd shellfish. Fish pose 
lessof a thest c h n  shc1;lllish b e c a m  
tone compundst l sua l lyammnhe 

in organs,such as the liver, that are 
not normally consumed. Shellfish, by 
contrast, are usually consumed whole. 

In 1989, limitations on consump- 
tion ofshellfish from the Piscataqua 
River, on the Maine-h'ew Hampshire 
border,tvere recommendeddue to 
lead contamination from anearby 
toxic waste dump. 

PAH concentrations in the tomallq 
of lobstersfrom Quincy Bay warrant a 
consumption advisory 

Fish from Maine's Androscoggin 
Rirer have accumulated chlorinated 
dioxins; fishermen are warned to limit 
the number offish they consume from 
the river. 

IMPACTS UPON AESTHETIC AND 
R!ICREATIONAL USES 

Environmental degradation diminishes 
the quality of life of the region's 
residents. Oil slicks and industrial and 
sewage outfallsmake boatingand 
other recreational uses of coastal 
watersunappealing. Recreational 
fishingandshellfishingare severely 
impacted in the Gulfs coastal commu-~ 
nities bpsewage contamination and 
population declines. 

One effect of intense growth in 
coastal regions is the littering of the 
shoresandmarme waters that results 
from increased use ofthe coastal 
region. Non-biodegradable trash, 
especially plastics, isone form of 
marine pollurion thatis readilyvisible. 



Employment is dlrectly 
related to volume of landings: 

one estimate from Nova 
Scotia links 28 fulCtlme jobs 
to every 1,000 metric tons 
(1,968,000 pounds) of flsh 

harvested. 

&uN~M~I~@AcTs 
T&n r & ~ n ' % f i g r j n g ~ d u s t q i ~ k ~  

d E r o r n & & m o r r ~ ~ p ~  
h e s i l s  espablish& in 1 9 n  landingis 
amlmhe bothimr&a&dv BBtwera 
lQ78 and 198s. thenunibroffBh 
processing plant$ fn the W W n d y  
rg$foadoa%led, from IP7to 874 
riomr,landinfoftraditod sma 
Fmm the GwYafMaisesoonbep to 
~ . l ; o 1 ~ p 1 e ,  haddock landiqs 
daelirfed f m  ul a m d  mfagr of 
i6,800merrlc togsin the s l y  1980s to 
829 metric tonrin 1987- Dedhwsin 
@I kncbgaiz tlreearly L9gBswem 
i n M y  0% b a n  incremein value; 
tww&, hmeap.r,ualu&+s also 
d & e $ * r o m e ~ f f l p ~ n t s ~ e s .  
Empropemisd~recflfrf&fed t~ 
volnmeoflandings: one eatimtefram 
Nova Scot& IirrlaaZ8 full-time jobsto 

1,000metric tons (1,968,000 
pmwd8) of%-. &though 
lapdinpin Nm;Frcatiaand Hew 
Bmnstaid&- b e  1984and 
5988, due to expan8edapreS"j to 
Gearg~sEankandbwt& ofunder. 
ntilirrdspeei%a, thLp t f t ~ d  a p s  to 
be-emerklne;. In tk a u m r o f  1989, 
swst~alhuedredp1mtwbrkns~fa 
mporariLyorpan&ily laidoffin 
hiovaSeetiB-as~mer catch gnotas 
were impmaedinrqonse to Jtotk 
dediriRP. 



Pallutionaad habitat lasammalso 
~ e - s c o n o m i c c o ~ ~ ~ .  Eor 
e w p l e ,  the to& effetts ofPAH 
caatamirratimnc@nimpair@ieabiIiry of 
& stgfLrra k q r ~ d u c ~ b e l f .  The 
e ~ o m i c i n r p a e i s o f h a ~  dc8m~- 
tion mrtynot be imr id tmIyqsp~pgf ;  
tbqy mwt b ~ t i m a r e d  by figuringthz 
replacengal cost o f ~ k r o k  coastal 
werlarrdaplayio c o m m ~ ~ a n d s p o r t  
fidasttes, aqrawltnm, a@dture,pcfar 
my no on and^, 

qnatitycanaoI,xho~~ 
protcctim,a.nd flmd m t r o l .  The 
&tiomIirp%pCween e s m r t h  and 
f i a h e n g s p r o d u ~ i s d ~ :  the U.& 
Natigoal MarineEnheTiss %wii 
estimared anarmeil hss to 0.5. 
fi4heries~SQ$milIion ~ C I V B ~ ~  1954 
aniI 1978 duero thedasttucum of 
estuarinewedan- 

Smvqge p&tion,red tldo,and 
o t h e r b i v t o x i m ~ s t r i c t i ~ o n  
s h ~ ~ + g t h . o u g I m u t r b e  
Gulfregion. b l ik fmumntaminx-  
tidn,sW+ pol11ttiamXfem humms 
more rhan m&e ~ r p ~ m s ;  m a 
r a d ~ i t s ~ t k a r e  pYifna@yec~- 
n m .  Themtad toward mq- 
~ h e l W c k n u r e 3 l e d ~ t o  pml%ap 
isladm in 1m7 to &atply wrtm1 the 
diwhqe &@wage to sW.l%h flats. 
In 1988,mmdit%lwa~tes~hed"p 

on the~hores of New%& and New 
Jasap, e a n ~ p ~ b l i c h e g g h  closures 
and r c w ~ m i c  lossasin thebfllions of 
dollar8 to e . ~ ~ r n w n u n ~ ~ e s h ~ g . ~ l y  

lo;cah;lad regional etmamies. To& 
poUmion a180 d a t e  the market for 
frsfi, concern forhealtWa1 food may 
aJmadydyae d a n i p a i r y l c ~ e r  
qen&miaam for w o o d .  If public faith 
in t k c m e s s a n d  s a e y  ofthe 
Culfsre~ourct.9 ienotupheld, adversg 
wotfOmic cotseqmces are Likay. 

Contaminated seafeod,loss~f 
rw-varionalopportunityarid the 
dqgmhrion of msrineand coastal 
emkwmmntsldwef thqudityofhfe 
in t h e ~ i a 8 m t - l  hreaseirs  atmcuwh 
neeto miden~dwrelopmeat, the 
remxahn intlustq,aed thcaaead 
home market all suffer. 

C a h i ~ ~ ~ ~ f 0 h  
In general, the Gulf apliaa'rs to %in 
g o o m e r n ;  hotrever.someCoas~1 
areasaeedegradml&udcertaint%.h 
ssocksnolen~~npprtacmmw~ 
Mery.  Loe*,uw &miu'inewaen 
are restricted. & a u ~ c o m ~ m i n a n t s ~  
eridmtatleast ~ a e e m u n t s  
thmughdut the Gulf. 

T h ~ c o m ~ o f t h e m ~ e  
ecosptmmnakes i r 5Bwl t  torllffem- 
tia~&mafsmmfrom lraturd.iwi= 
ability. R e w & s s  aeedert mdaer- 
minethe emlogical &=ta, both shaft 
and long term, ofmch endnomental 
mssea~contamir?.&o~, hasirat loss, 
wdwdifnpe8ting. Greaiiy increased 
mnitoringis n d e d  to &in thesaps 
m darare@rding the c=..rtentan;d 
of atmsin the Gulf. mtboutsuch in- 
f o r d b n ,  pr~Te&an~-will 
remainunfocnz&d. 





Summary and Future Outlook 

HE GULF OF MAINE 
I S  of greatworth not only 
to the peopleof the Gulf 

pertd upon it for economic, 
aesthetic, and recreatlonalvalue, but also 
to the many others who enjoyor profit 
from its resources. Among the most 
productive bodles of water on earth, the 
Gulf has nourisheda thrivhgmari the 
herltage forseveralcenturies. 

The growthof the human population 
and concommitantdevelopment in the 
Gulf reglon have resulted In a series of 
stresses that ~mpinge upon the Gulf en- 
vlronment. tonsof raw and partially 6 
treated sewage are discharged into the 

4 

Gulf each day; industrial hscharges, B 
urbanrunoff,andagriculturalpractices 
all introduce toxic contaminanisand 
bacteriatomarine andestuarme waters 
on achronlc, sometimesacute basis; 
increasedfishingeffort hasreducedfish degradahon are clearln the research While the effects of such stressesare 

stocks to all time lows; development in results of the last decade: not fully documented, natural proc- 

the coastal zone has encroached on en- - highlyindustridIzed harborSsuch 
esses in the Gulf are clearly berngaf- 

\monmentallysrgnlficantmannewet- as Boston and SaintJohn are seriously fected: 
lands; and and degraded; lt isunlikely that such places -certain fish and shellfish exhibit 
other toxicmaterialplace additional will ever all of their natural liver lesions, fin rot, and other slgns of 
stressesupon the Gulf environment. functions; environmentalstress; 

Evidence of these stresses can be - relat~vely undevelopedembayments, - the rightwhale, piping plover, and 
foundthroughoutthe Gulf'A1thOugh such as PenobscotBay, exhibitelevated other species ofwildlife are endan- 
limlteddataexist to adequately assess levels ofcontaminanUmsediments; geredordeclining; 

environmentdqualityin -sediments in the depositional basins - populatlonsofsome commercially 
the of Maine, the wanring si@sof of the offshore Gulf of Malne contain valuable fish species depend upon an 

small butabnormal amountsof taxlns, increasingly limited number of age 
indicating that contammantaare belng classes, and some may not be repro- 
transported throughout theGulf. duclng themselves atall; 
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efTort&are b?&rn~e mm?himiz& 
9trwon thrt@eenriranmmt 
hkf.d e % m  ca cipirn upmd SU.+B 
a h m ~ ~ p d i g  rrftheGaKffleuged 
anpoiauoutce di~charga. In the lirst 
m l p ~ l M o f l f h ; r o e  been 
placed on thepollutancs tttrtean be 
disc&@d i n s e w  and indnsPria1 



5 
Conhollzngdlsposal ofpmsutanl plarltcs and ittln wlll mzntmaze ham lo wldlfe 

effluent. Further efforts are being 
undertaken to improve sewage 
treatmentbyupgrad~ng to secondary 
treatment, dechlorinat~ngefFluent, 
and ellm~nating CSOs. Industries are 
lncreaslngly belng requlred to remove 
metals and toxlcs from them wastes 
wlth pretreatment techniques before 
discharging lnto sewer systems or  
recelvmgwaters 

Bulk disposal of wastes at sea has 
been almost completely halted in the 
Gulf, exceptfor dredged materrals. 
However, hmlted optionsfor land 
disposal of sewage sludge dndsolld 
and hazardous wastes may cause are- 
surgenceof demand for ocean dlsposal 
andmcmaation. 

Attempts to regulate the excavatmg 
and filling ofcoastal areas, especially 
wetlands, hasnot alwaysbeeneffective. 
The lmpactot wetland loss and 
impairment on the l ~ n g  resources of 
the Gulfis poorly quantfied, but is 
behe\ed to be significant A broad 
consensus has emerged on the need to 
do more to protect ~e t l andsand  other 
vulnerable hahnats. 

The hamesting of fish, although it is 
managed throughout the Gulf region, 
appears to be taking place at a rate 
that outpaces the ab~lityoffish stocks 
to reulenish themselves. Inde~endent  

Publicattention is turning to the 
control ofnonpointsources of pollu- 
tion in the Gulf- theirrelatireimpor- 
tance hasnot been quantified, butas 
point sources are cleaned up and land 
along the Gulf coast is developed, it is 
clear that thecontrihutionofnonpoint 
sources to the cumulativestress on the 
Gulf ecosystem is increasing. Unlike 
pointsources, nonpoint sources are 
poorb regulated. Some are regulated, 
but the lawsare not enforced, such as 
overboard discharge from marine 
toilets in the U.S. Some sources, such 
asindustrial smokestacks, are meeting 
regulatory standards, but the require- 
ments address only local air quality, 
and are, in fact, intended to result in 
widedispersal of pollutants, encourag- 
inglongrange transportfrom heavily 
industrialized distant regions to areas 
like the Gulf.Regulation ofother 
sources, suchas stormwater runoff, has 
been avoided because the costs are so 
great. The next challenge is to address 
thesesources. 

FLITURE oLnooK 
Of greatestimportance for the future 
is the knowledge that the Gulf of 
Malne can be protected While 
wamingslgnsofenv~ronmental 
deterloration are mldent. much of the 

The Provinces of Nova Scotia and 
NewBmnswick, thestates ofNew 
HampshireandMaine,and the 
Commonwealth ofMassachusettshave 
initiated acooperative effort to 
explore opportunities toensure the 
continuedviability of the Gulf andits 
manyuses. In addition to the design 
and implementation of a Gulf-wide 
environmentalqualitymonitoring 
program, presentation of pollution 
abatementworkshops, andsponsor- 
ship of a major conference on Gulf 
issues, a ten year action agenda will be 
dei,eloped 

The Gulf ofMainemust be man- 
aged as an ecosystem rather than asa 
seriesofpoliticaljurisdic.tions. Prog- 
ress m enuironmenlal manugementwill 
require that we: 

-establish along-rerm,cooperative, 
environmental managementstrategy 
and legal framework tounite the 
protection efforts and responsibilities 
of the bordering States andprovinces 
within a regiowal alliance; 
-develop and implementa Gulf-wide 
marine environmentalquality monitor- 
ing program; 
-develop and maintain a comprehen- 
sive environmental database and 
publish a Gulf of Maine atlas; 

management of transboundaryfish Gulfremainshealthy. Preventre 
stocks by Canadaand the U.S. 1s exac- actlon, however, will be required to 
erhaung the situation. maintain the h~ghenvironmental 

qualit) of the Gulf as well as to reverse 
all trends toward degradation. 
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I 
'We need to stop looking at environmental lssuesas though they were court cases. We need, instead, to think ot 

ourselves as homwwners buying insurance. Vou don't insun against the absolutely predictable. V w  protect against 
the possible. Nor do you wait to establish causality. YOU recognize that ownership - and stewardship over the 

environment - involvM risk-taking. 80 defend yoursen against large and irreversible damages.'' RUSHWRTH w!nm 

-apply the conceptofsustainable use 
to the managementof theGulf socean 
and coastal resources; 
-reverse the trend of shellfish 

1 
closures by controlling sewage d ~ s  
charges tocoastalwaters; 
-abate and preventnonpointsource 
pollution by managingland use 
activities that introduce contaminanw 
to the Gulf; 
- abateand preventpointsource 
pollution by eliminatingcombined 
sewer overflows. develooine and . I implementing more effective wastewa- 
ter treatment technology, and enforc- 
Ing industrialpretreaunent; 

control disposal of persistent 

a -identify habitats of Gulf-wide 
significance thatshouldbe protected 
asmarinesanctuaries, including 

4 wetlands,and habitatforthreatened 
marine mammals, birds,fish,and 
otherlivingresources; 

A broad-based understanding of the 
ecological and economic valuesof the 
Gulf is essential for the improved 
stewardship of the Gulf. To increase 
public awareness, itwill be necessary to 
improve publiceducation, to: 

-developcurriculum supplements, 
schoolprograms,videotapes, public 
sewice announcements, brochures, 
and public participation programs; 
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-compile fisheries and otlicratatisics 
on a Galf-wlde W s ,  and make them 
redlyavaihhle; 
-publish a p o p W g d w m i o n  ofa 
Gulf of .Maineirw - condu_ctanirual, CulLMideshore 
linalewops; 
- &evclopaci&en'sgn%eroEmiron- 
mental$s~ ikkdaseprwt icea .  

m c r i v e  m a n ~ m t Q f t . h  Gulf 
wiU require ongoinge~t0perdfhrmm~uch 
on the smcmn: andftmctFon bf the 
G u E e c ~ ~ r n  aswellas onyhwRects 
of pollrrtien, h ~ ~ ~ s , ~ ~ ~ o t h e r  
stresses. l 'n~mpro\r ourundentand- 
ingoftheGlllf, i t  will k iherrssnr) to: 

- Btablblish regional march priari- 
t i e s , s tandadi  s$mplingmd 
malp:calmethads,anda mopemihe 
~5e4trch@atea - c o n d u a ~ x r c h o n  rhemwces 
and fates 4f cb~t&ms im the Gglf 
eeosgsteinmd dewloptechmqu%sfor 
@=sjlg the1sOml~calatfdcunm1a- 
tive e-tq 
- evaluatemdisatgrsoTehmnit 
cowwnh~ant &%a~mr&azards to 
human ha&; 

--conduct mew& that iderrtifres 
favorable approachest0 PzsoImgfLw 
G@s pessirrgmanagtment issues. 

Muchis alreadpbging done to 
protect and b c e  the Gulf ~ v i m n -  
men€. Eillivnsof dollarsare be& 
i m d  irrexpand+ngd im-g 
sewage treamrent. T o r e s o r q q ~ l a -  
tiamof saJm6n and otherfiah,millions 
of kmoltsare r e l s e d  in theSulfr 
estuarieseach gearandffsh laddemare 
k h g  inselled in many &am. Him- 
d'eds ofvolunteers havegarticipated 
~n*o_reline cleanup efforol; thefirst 
&If-wide Bpanupm held In thc fall 
of 1989. 

Manyare also capjtaIizing onsoumi 
oppmnit les  to bklrefltfiom_ihe 
k t l f s  m u r r a  aquambre  and 
tomism arerepresartatlveofnewwd 
e x p a n d e d e c a r m m i c a ~ t  
th-~onahealthysnvironmentmd 
areprepared to meetrhe challenge of 
s u s u . i ~ b l e $ w e l ~ t .  

The@ure de-pgds an o m  ability 
to faterp_?mxershipstf~_at bridge the 
GUK, rn a m  t h m p ~ ~ o f i t s  
ecosystem, andtomiugme thesnesm 
we impose rrpon it. Thr rewards of 
sach end_eavorswrll beimmense; the 
mmequaces  dco_qlacenq, ifwe- do 
mtacr,will bequaflpgreat. 
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