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Executive Summary

ECOGNIZING THAT THE 
G ulf o f M aine is a 
com m on  re so u rce  o f 

inestim ab le  value to th e ir  residen ts, 
th e  P rovinces o f Nova S cotia  a n d  New 
Brunsw ick, th e  S tates o f  M aine an d  
New H am psh ire , an d  th e  C o m m o n ­
w ealth  o f  M assachusetts have jo in e d  in 
a cooperative  e ffo rt to p ro te c t its 
eco logical in teg rity  an d  th e  m any uses 
th a t  d e p e n d  u p o n  its c o n tin u e d  good  
health .

T h e  G u lf is a m a rin e  ecosystem  de­
fin ed  by c u rren ts  an d  tides, n u tr ie n t  
cycles, an d  the  m ig ra tion  o f  m a rin e  
anim als; it pays n o  h e e d  to  po litica l 
b o u n d aries  sep ara ting  states, prov­
inces, o r  n ations. T h e  living m a rin e  
reso u rces  o f the  ecosystem  may spend  
p a r t  o f  th e ir  lives in coastal w aters and  
p a r t  in  o ffshore  w aters, p a r t  in C ana­
d ian  w aters an d  p a r t  in th e  w aters o f 
th e  U n ited  States; m any species o f fish, 
m a rin e  m am m als, an d  b irds  lead  
tra n sb o u n d a ry  lives. I t  is im p o rta n t to 
rem em b er th a t en v iron m en ta l dam age 
in  o n e  p a r t  o f th e  G u lf can  be  fe lt in 
a n o th e r  an d  th a t a series o f  seem ingly  
neg lig ib le  effects can  be o f  m ajo r 
h a rm fu l co n seq uence  in sum .

T his re p o r t  was com piled  to illus­
tra te  th a t th e  G u lf su pp o rts  diverse, an d  
som etim es conflic ting , uses; th a t it is an 
ecosystem  th a t is best m anaged  using  
eco logical p rinc ip les  w hich do  n o t “see” 
po litica l b o un d aries; th a t the  su sta ined  
use o f the  G u lf s  resources, n o t only by 
p re se n t b u t by fu tu re  g en era tio n s , will 
d e p e n d  u p o n  wise stew ardsh ip  o f  the  
G ulf en v iron m en t; th a t cooperative  ef­
fo rt on  the  p a r t  o f  the  b o rd e rin g  States 
an d  P rovinces will he re q u ire d  to  p ro ­
tec t th e  Gulf; an d  th a t p rev en tio n  o f 
d eg rad a tio n  is less costly, m o re  effi­
c ien t, a n d  m o re  effective th a n  rem ed ia l 
program s.

T h e  G u lf o f  M aine is o f g re a t w orth  
n o t only to  th e  p eo p le  o f th e  G u lf 
reg io n  w ho d e p e n d  u p o n  it fo r eco ­
nom ic, aesthetic , an d  rec rea tio n a l 
value, b u t also to  the  m any o th e rs  from  
ou ts ide  th e  reg io n  who enjoy o r p ro fit 
from  its resou rces. A m ong th e  m ost 
p ro d uc tiv e  bod ies o f w ater o n  e a rth , 
the  G u lf has n o u r ish e d  a th riv ing  
m aritim e h eritage  fo r several cen tu ries.

T h e  grow th o f th e  h u m an  p o p u la ­
tion  an d  c o n seq u e n t d ev e lo p m en t in 
th e  G u lf reg io n  have re su lted  in a series 
o f insu lts to  th e  G u lf en v iro n m en t.
T ons o f  raw an d  partia lly  tre a te d  
sewage are  d isch arged  in to  the  G u lf 
each  day. In d u stria l d ischarges an d  
u rb an  an d  ag ricu ltu ra l ru n o ff  all 
in tro d u ce  toxic co n tam in an ts  an d

b ac te ria  to m arin e  an d  e s tu a rin e  
w aters on  a ch ro n ic , a n d  a t tim es 
acu te , basis. In c reased  fish ing  effo rt 
has re d u c e d  fish stocks to all tim e lows. 
Coastal d ev elop m en t has en c ro a c h e d  
on  env ironm enta lly  s ign ifican t m arine  
w etlands. A cciden ta l spills o f  oil an d  
o th e r  toxic m ateria l p lace  ad d itio n a l 
stresses u p o n  the  G u lf en v iro n m en t.

Evidence o f these  stresses can  be 
fo u n d  th ro u g h o u t th e  G ulf. A lthough  
lim ited  d a ta  exist to assess ad eq u ate ly  
th e  en v iron m en ta l quality  tre n d s  in 
th e  G u lf o f M aine, th e  w arn in g  signs o f 
d e g ra d a tio n  are  c lear in re sea rch  co n ­
d u c te d  d u rin g  th e  last decad e:
—  highly  ind u stria lized  h a rb o rs  such 
as B oston an d  S a in t jo h n  a re  seriously 
d eg rad ed ; it is un likely  th a t such places 
will ever regain  all o f  th e ir  n a tu ra l 
functions;
—  relatively u n d eve lo p ed  em baym ents, 
such as P enobsco t Bay, e x h ib it e levated  
levels o f co n ta m in an ts  in sed im en ts;
—  sed im en ts in th e  d e e p  basins o f  the  
o ffshore  G u lf o f  M aine c o n ta in  low b u t 
u n n a tu ra l co n cen tra tio n s  o f  toxins, 
ind ica ting  th a t co n ta m in an ts  are  b e ing  
tra n sp o rte d  th ro u g h o u t th e  Gulf.
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W hile th e  effects o f  such  stresses are  
no t fully d o c u m e n te d , n a tu ra l p ro c­
esses in the  G ulf a re  clearly  b e ing  
affected:
—  certa in  fish an d  shellfish  ex h ib it 
liver lesions, fin ro t, an d  o th e r  signs o f 
env ironm enta l stress;
—  the rig h t w hale, p ip in g  p lover, an d  
o th e r species o f  w ildlife a re  e n d a n ­
gered  o r dec lin ing ;
—  p o pu la tio n s o f  som e com m ercially  
valuable fish species d e p e n d  u p o n  an 
increasingly lim ited  n u m b e r  o f  year 
classes, an d  som e m ay n o t be re p ro ­
ducing  them selves a t all;
—  health  advisories have b een  issued 
in several n e a rsh o re  reg io n s  o f  the  
G ulf to p ro te c t the  p u b lic  from  the  
hazards associa ted  w ith sw im m ing in 
co n tam in a ted  w aters an d  ea tin g  
con tam inated  seafood.

Im pacts in the  G u lf a re  n o t just 
ecological; coastal eco n o m ies  are 
affected by en v iron m en ta l d eg rad a tio n  
in the Gulf:
—  the G u lf  s fish ing  eco n o m y  is in 
p recarious co n d itio n  because  o f 
declin ing  fish stocks;
—  several h u n d re d  th o u sa n d s  of acres 
o f  p roductive shellfish  h a b ita t are 
closed to harvesting  d u e  to sewage co n ­
tam ination  , re su ltin g  in serious loss o f 
livelihood;

—  the  p u b lic ’s inc reasing  co n ce rn  
reg ard in g  c o n ta m in a te d  seafood may 
be driv ing  dow n th e  p rice  o f  fish and  
shellfish;
—  loss o f  trad itio n a l h a rv estin g job s 
has affected  th e  c h a ra c te r  an d  eco n o ­
m ies o f coastal co m m u n itie s  whose 
fu n d am en ta l h e ritage  is m aritim e.

O f g rea test im p o rta n c e  fo r the  
fu tu re  is the  know ledge th a t the  G ulf 
o f M aine can be p ro te c te d . W hile 
w arn ing  signs o f  en v iron m en ta l 
d e te rio ra tio n  are  ev iden t, m uch  o f  the  
G ulf rem ains healthy . Preventive 
ac tion , how ever, will be re q u ire d  to 
m ain ta in  the  en v iro n m en ta l quality  o f 
the  Gulf, as well as to  reverse all tren d s 
tow ard d eg rad a tio n  n o te d  in this 
rep o rt. Now is th e  tim e to ex p lo re  o p ­
p o rtu n itie s  to en su re  th e  c o n tin u ed  
viability o f the  G u lf an d  its m any uses.

T h e  G u lf o f  M aine m ust be m an ­
aged  as an  ecosystem  ra th e r  than  as a 
series o f  po litica l ju r isd ic tio n s . A 
cooperative en v iron m en ta l strategy is 
re q u ire d  to d ire c t a Gulf-wide m o n ito r­
ing  effort, to p rov ide  fo r p o llu tio n  
ab a te m e n t an d  c o n tro l, an d  to p ro ­
m ote the  su sta inab le  use o f  living 
resources.

A broad-based  u n d e rs ta n d in g  o f the  
eco logical an d  eco n o m ic  values o f  the 
G ulf is essen tial fo r th e  im proved  
stew ardsh ip  o f the  G ulf. A public  
ed u catio n  effort, in c lu d in g  public

p artic ip a tion  p rog ram s, cu rricu lum  
supp lem en ts, film s, an d  ed u ca tio n a l 
lite ra tu re , will im p a rt a g re a te r  sense o f 
env ironm enta l responsib ility  am ong  
the  public  an d  g e n e ra te  su p p o rt fo r 
env ironm en ta l p lann in g .

Effective m a n a g e m e n t o f  the  G ulf 
will req u ire  o n g o in g  cooperative  
research  on  th e  s tru c tu re  an d  fu n c tio n  
o f the  G u lf ecosystem , as well as on  the  
effects o f  p o llu tio n , h a b ita t loss, an d  
o th e r  stresses.

T his re p o r t  is a first step  in a m u lti­
la tera l en d eav o r to  im prove en v iron ­
m en ta l m a n a g e m e n t o f  the  Gulf.
W hile p rov incial, sta te , an d  federa l 
go vern m en ts  a re  tak ing  this first step, 
the assistance o f  ind u strie s, m u n ic ipa li­
ties, conservation  g roups, an d  ind iv id­
ual citizens will be re q u ire d  if this 
initiative is to be successful. An 
u n p a ra lle led  o p p o rtu n ity  still exists to 
p reserve an d  e n h a n c e  the  G u lf o f 
M aine an d  its m any uses: now  is the  
tim e to w ork to g e th e r  to  p ro te c t this 
invaluable resou rce .
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Preface

R ECOGNIZING THAT THE 
G ulf o f M aine is a 
com m on  reso u rce  o f 

inestim ab le value to th e ir  res iden ts , 
the  Provinces o f Nova Scotia an d  New 
Brunswick, the  States o f M aine and  
New H am psh ire , an d  the  C o m m o n ­
wealth o f M assachusetts h av e jo in ed  
to g e th e r  in a cooperative  e ffo rt to 
p ro te c t the  eco logical in teg rity  o f the  
G ulf o f M aine and  th e  m any uses th a t 
d e p e n d  u p o n  its c o n tin u e d  go od  
health .

This re p o rt was co m p iled  to illus­
tra te  th a t the  G ulf su p p o rts  d iverse an d  
som etim es con flic ting  uses; th a t it is an 
ecosystem  th a t m ust be m an ag ed  using  
ecological p rinc ip les w hich “se e ” no  
political boundaries; th a t th e  su sta ined  
use o f the  G u lf  s resou rces, n o t only by 
ourselves b u t by fu tu re  g en era tio n s , 
will d e p e n d  u p on  o u r  wise stew ardsh ip  
o f the G ulf en v iron m en t; th a t c o o p e ra ­
tive e ffo rt on  the  p a rt o f th e  b o rd e rin g  
states an d  provinces will be re q u ire d ; 
and  th a t p rev en tio n  o f fu r th e r  d e g ra ­
dation  will be m uch  less costly, m ore  
efficient, and  m ore  effective than  
rem edia l program s.

This re p o r t  is a first step  in a m ulti­
la teral effo rt to im prove en v iro n m en ta l 
m a n a g e m en t o f  the  G ulf. W hile 
provincial an d  state g o ve rn m en ts  are 
tak ing  this first step , the  assistance o f 
industries, m unicipalities, conservation  
g roups, an d  ind iv idual citizensw ill be 
req u ired  if this initia tive is to be a suc­
cess. An u n p a ra lle le d  o p p o rtu n ity  still 
exists to p reserve  an d  e n h a n c e  the  
G ulf o f M aine an d  its m any uses: now 
is the  tim e to jo in  to g e th e r  in p ro te c t­
ing  this invaluable resou rce .
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Introduction

HAT IS THE GULF 
o f  M aine? It is m any 
things: a sem i-en c lo sed  

sea, a lm ost en tire ly  cu t o ff from  the  
n o rthw estern  A tlan tic o cean  by u n d e r­
w ater banks; a m arin e  ecosystem , 
com prised  o f a com plex  web o f  n u tr i­
e n t cycles, food  chains, an d  energy  
flows; a source  o f eco n o m ic  livelihood  
fo r many, from  fish ing  to tou rism ; an d  
a b ond  betw een C anad ian s an d  A m eri­
cans, w hose com m on  d e p e n d e n c e  
up on  it is the  basis fo r a rich  an d  lon g ­
stand ing  m aritim e heritage .

T he G u lf o f  M aine is a re so u rce  o f 
u n p a ra lle led  value fo r all w ho b o rd e r  
its shores. Its living reso u rces , am o n g  
the  m ost p roduc tive  in the  w orld, su p ­
p o rted  native N orth  A m ericans an d , 
later, E u ro pean  settlers. U ntil they 
were res tric te d  in th e  1970s, fo re ign  
fishing fleets cam e from  across the  
world to harvest the  a b u n d a n t supply  o f 
fish from  G u lf w aters. F rom  traw ling 
with highly soph istica ted  technology  to 
d igging clam s with a rake, fish ing  
directly  suppo rts  tho u san d s  o f  the  
reg io n ’s inh ab itan ts  while fish p rocess­
ing, sh ipp ing , selling, an d  fish p re p a ra ­
tion  su pp o rts  m any h u n d re d s  o f 
thousands m ore.

W hile fisheries rem ain  the  b ack b o ne  
o f  econom ic activity in th e  G ulf, new er, 
non-consum ptive uses o f  the  G u lf s  
resources are  fast grow ing. Sailing, 
whale w atching, an d  sim ply w alking on 
the  beach are  am on g  the  m any activi­
ties tha t now a ttrac t m illions from  n e a r

an d  far to the  shores o f  th e  Gulf, sup­
p o rtin g  a b u rg eo n in g  tou ris t econom y 
in the  G ulf reg ion . A q u acu ltu re , the  
farm ing  o f fish and  shellfish , has also 
d em o n stra ted  its econom ic p o ten tia l 
in the  Gulf, w here clean an d  rich 
waters provide an ideal en v iro n m en t 
for the  h u sband ry  o f  m arin e  c rea tu res .

But the  G u lf is w orth  m uch  m ore  to 
us than  its value in eco n o m ic  term s. 
M illions are  a ttrac ted  to its shores to 
live. R ecreational o p p o rtu n itie s , d i­
verse an d  beau tifu l scenery , o p en  
space, ab u n d an tw ild life , an d  the  sense 
o f a w ilderness relatively u n tra m m elled  
by m an all add  to the  ex cep tio n a l 
quality  o f  life ex p e rien ced  by residen ts, 
w h e the r they live on the  sh o re  o r  n o t. 
T he vitality o f  the  G u lf en v iro n m e n t is 
re flec ted  in o u r  own lives; we are  
e n rich ed  by the  successful m ig ra tion  o f 
a salm on, the  d an ce  o f  su n lig h t on  the  
sea, an d  the  grace  o f a shearw ater as it 
skims the  waves.

Today, ev idence is accum u la tin g  
th a t the  h ea lth  o f  the  G u lf m ay be at 
risk. P o llu tion , h ab ita t d es tru c tio n , 
an d  overuse o f reso u rces  pose th re a ts  
to the  eco logical in teg rity  o f  th e  G ulf, 
o n ce  th o u g h t to  be im m u n e  from  d e g ­
rad a tio n . T race  am o u n ts  o f  tox ic  c o n ­
tam in an ts  have been  d e te c te d  in the  
d eep es t parts  o f  th e  Gulf; som e 
industria lized  h arb o rs  ex h ib it ex cep ­
tionally  h igh  levels o f co n ta m in an ts , 
an d  lesions associa ted  with co n ta m in a ­
tion  have b een  fo u n d  in som e fish. 
T h ro u g h o u t the  e x te n t o f  th e  G u lf s  
shore line , sewage p o llu tio n  has 
resu lted  in the  c lo su re  o f  th o u sa n d  o f 
acres o f p roduc tive  shellfish  flats; som e 
sw im m ing b each es have also b een  
closed; com m ercia l fish stocks a re  at 
an  all tim e low; an d  several species o f 
wildlife are  e n d a n g e re d  d u e  to  loss o f 
hab ita t. M uch o f  the  d e g ra d a tio n  
a p p a re n t in the  G u lf is the  cum ulative  
resu lt o f  a series o f  events. We c a n n o t 
p o in t at o n e  oil spill, o n e  in d u stria l
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For the purposes of this report the Gulf of Maine is broadly defined and considered to include the Bay of 
Fundy to the north and Georges Bank to the south, as well as the Gulf proper. Th is  corner of the ocean 
is often referred to as a "sea within a sea", because its waters are separated from the Atlantic Ocean 

by the subm erged plateaus of Georges Bank and Browns Bank and are isolated by tem perature and 
salinity differences from the rest of the Atlantic. For the majority off its perimeter the Gulf is surrounded 

by land —  three N ew  England states and tw o Maritime provinces.

discharge , o r o n e  d ev e lo p m en t p ro jec t 
to exp la in  th is ev idence o f en v iron ­
m enta l h arm . W hile the  loss o f one 
w etland  m ay have a n eg lig ib le  im pact 
on  the  w hole system , th e  cum ulative 
im pact o f  ex tensive w etland  loss, w hich 
has o c c u rre d  an d  c o n tin u es  to occu r in 
the  G ulf reg io n , can  have a d e le te rio u s  
effect on  th e  fu n c tio n in g  o f the  en tire  
ecosystem . W hile th e re  is insufficien t 
da ta  to assess the  overall th re a t to the 
Gulf, a d is tu rb in g  p a tte rn  is em erg ing : 
as m ore  p e o p le  crow d the  shores o f 
the  Gulf, m o re  d e g ra d a tio n  ap p ears  to 
be o ccu rrin g . T h e  ev idence n o ted  
above m u st be taken  as an  early 
w arn ing  sign: now  is the  tim e to act to 
p reserve an d  p ro te c t th e  G u lf an d  the  
im p o rta n t ro le  it plays in o u r  lives.

Many th in k  o f th e  sea as an  in d e­
p e n d e n t e n v iro n m en t u n affec ted  by 
the  land, b u t in fact, the  G u lf an d  the 
land  th a t su rro u n d s  it a re  closely 
linked. T h e  cycle, in w hich w ater is 
ev ap o ra ted  from  th e  surface o f the  sea, 
d ep o sited  u p o n  th e  lan d  in the  fo rm  o f 
snow o r ra in , a n d  c a rr ie d  back again to 
the  o cean , links lan d  a n d  sea. W ater 
re tu rn in g  to th e  sea carries with it a 
load  o f sed im en t, o rg an ic  m atte r, and  
n u trien ts . P roductiv ity  in the  G ulf is 
greatly  e n h a n c e d  by this in tro d u c tio n  
o f  te rrestria l n u trie n ts . H ow ever, it is 
the  sam e re tu rn in g  w ater th a t carries 
life-giving n u tr ie n ts  th a t also fre ­
quen tly  u she rs  in a h o st o f  dam aging  
co n ta m in an ts  an d  wastes g e n e ra te d  by

h u m an  activities. T hus, the  h ea lth  o f 
the  G u lf is closely tied  to the  te rrestria l 
e n v iro n m en t th a t su rro u n d s  it on 
th ree  sides - especially  to the  activities 
o f those  w ho live an d  w ork on  its 
shore . As the  p o p u la tio n  o f the  G ulf 
reg ion  grows, g re a te r  an d  g re a te r  
d em and s  are  p laced  u p o n  the  G u lfs  
ecosystem : d ev elop m en t activities a lter 
o r destroy  n a tu ra l hab ita ts  an d  
processes, m o re  sewage an d  industria l 
waste a re  g e n e ra te d , an d  m ore  
resou rces are  harvested . Ironically , as 
we are  d raw n to the  n a tu ra l resou rces 
o f the  G u lf an d  b ecom e d e p e n d e n t 
u p o n  them , we sim ultaneously  
th rea ten  the  G u lf  s co n tin u e d  viability.

T h e  G u lf is a m arin e  ecosystem  
d efin ed  by c u rre n ts  an d  tides, n u tr ie n t 
cycles, an d  th e  m ig ra tion  o f  m arin e  
anim als; its n a tu ra l p rocesses pay no 
h eed  to po litica l b o u n d a rie s  tha t 
separa te  states, p rovinces, o r nations. 
M any species o f  fish, m a rin e  m am m als, 
an d  b irds in h a b itin g  th e  G ulf reg ion  
lead  tran sbo u n d ary  lives, spend ing  
p a rt o f th e ir  life cycle in coastal w aters 
an d  p a r t  in o ffshore  waters, p a r t in 
C anad ian  w aters an d  p a r t  in the  w aters 
o f the  U n ited  States. Even seden tary  
species such as clam s an d  barnac les 
rely on  c u rren ts  th a t c ircu la te  in the  
G ulf to en su re  the  d ispers ion  o f th e ir  
young. T h rea ts  to the  G u lf en v iron ­
m e n t also ign o re  po litica l boundaries; 
co n ta m in an ts  m ove w ith w inds an d  
w aters regard less o f  po litica lju risd ic- 
tions. T h e  loss o f a p a rtic u la r h ab ita t

can affect th e  G ulf-w ide o ccu rren ce  o f 
a species th a t re lies u p o n  it. It is 
im p o rta n t to re m e m b e r th a t en v iron ­
m en ta l d am age in  o n e  p a r t  o f  th e  G ulf 
can be felt in a n o th e r  an d  th a t a series 
o f seem ingly  n eg lig ib le  effects can  be 
o f m ajo r h a rm fu l co n seq u e n c e  in sum.

T h e  c o n tin u e d  h ea lth  an d  in ­
creased  use o f th e  G u lf  s reso u rces  
req u ires  us to m a nage  it as a m arin e  
ecosystem , n o t as a n u m b e r o f  sep ara te  
an d  co m p e tin g  en titie s . T h e  G ulf 
c an n o t be successfully u tilized  an d  
p ro te c te d  o n  a p ie cem e a l basis. We 
share  the  responsib ility  fo r susta in ing  
the  bo un ty  of th e  G u lf  s reso u rces  now 
an d  fo r fu tu re  g en e ra tio n s .

How is th a t responsib ility  dis­
charged? It re q u ire s  s in ce re  co m m it­
m e n t o f go vern m en ts , industries, 
citizens —  in sh o rt, all o f  us. T he 
effo rt will d e m a n d  ch an g e , in som e 
cases m ajo r a d a p ta tio n , b u t n o n e  
g re a te r  than  fac ing  th e  im p ac t o f 
serious en v iron m en ta l d eg rad a tio n  
th a t w ould resu lt if p re se n t tren d s  are 
allow ed to c o n tin u e . C hanges will 
o ccu r as a resu lt o f  cho ices - cho ices 
th a t we m ake in o u r  everyday lives, 
cho ices a b o u t how  we use o u r  n a tu ra l 
reso u rces  an d  how  we d ispose o f o u r 
wastes. As we co m m it ourselves to 
assessing o u r  ro le  in the  use an d  
d eg rad a tio n  o f  the  G ulf, we will beg in  
to u n d e rs ta n d  o u r  responsib ility  fo r its 
wise stew ardship  a n d  p ro te c tio n .
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C H A P TER  ONE

The G ulf as an Ecosystem

HE GULF OF MAINE 
ecosystem  is m ade up  
o f  a diversity o f m arine  

hab ita ts  tied  to g e th e r  by ocean  cu rren ts  
c ircling  th e  w aterbody. T he  co m b in ed  
productiv ity  o f  seaw eeds, salt m arsh 
grasses, a n d  p h y to p la n k to n  is as g rea t as 
any co m p arab le  a re a  in the  w orld, and  
provides th e  fo u n d a tio n  o f  the  G u lf  s 
biological ab u n dance .

G e o l o g ic  h ist o r y  
Fifteen m illion  years ago the  a rea  w here 
the  G ulf o f  M aine is now loca ted  was a 
gently slop ing , subm erged  p la tfo rm  
sim ilar to  th e  co n tin e n ta l sh e lf o ff the  
m id-A tlantic states today. L ater, the  
reg ion  was ex p o sed  as dry lan d  an d  
e ro d ed  by stream s, w hich carved o u t the  
basin th a t even tually  becam e th e  G ulf 
an d  c rea ted  th e  d e e p  incision  th a t is 
now the  N o rth e ast C h an n el. G laciers 
covered th e  reg io n  d u rin g  the  last one  
to two m illion  years, fu r th e r  scou ring  
o u t the  G u lf o f  M aine basin  an d  
d ep o sitin g  outw ash to form  G eorges 
Bank.

W hen th e  last o f  the  glacial ice re ­
trea ted  a b o u t 13,000 years ago, sea level 
was m uch  low er th a n  at p resen t. 
G eorges B ank was exposed  as dry land , 
first as a cap e  ex te n d in g  from  the  m ain ­
land  an d  th e n  as an  island. G eorges 
Bank an d  th e  d ep ressed  m a in lan d  were 
flo od ed  w hen  the  g laciers m e lted  and  
re tre a te d  to th e  n o rth . A bout 12,500 
years ago, th e  site o f  w hat is now P o rt­
land , M aine was u n d e r  a t least 160 feet

(50 m ete rs) o f w ater an d  th e  sea 
re a c h e d  as fa r as 60 m iles (100 k ilom e­
ters) in lan d  from  the  p re se n t coastline. 
S ince th e n , sea level has fallen , b u t is 
now  rising  again  at a ra te  o f a b o u t one  
foo t (30 cen tim ete rs) a cen tury .

T oday, w ater d ep th s  in the  reg io n  
vary from  1,237 feet (377 m eters) in the 
d eep es t basin  o f  th e  G ulf to 761 feet 
(232 m eters) in the  N o rth e ast C h an n e l, 
to as shallow  13 fee t (4 m eters) on the 
c rest o f  G eorges Bank. Betw een these 
ex trem es, th e  seabed  is ch arac te rized  by 
a d iverse co llec tion  o f  ridges, banks, 
gorges, an d  deeps, an d  is covered  by 
sed im en ts  varying from  b ed ro ck  to 
sand , gravel, shell, an d  m ud.

T h e  coastline  o f  the  G ulf o f M aine 
reflec ts  th e  geo log ic h isto ry  o f th e  re ­
g ion  - sm o o th  a n d  beach -lined  o r in ­
d e n te d  a n d  ro ck b o u n d , d e p e n d in g  on  
th e  h a rd n ess  an d  tex tu re  o f  the  
b ed ro ck , w here the  glaciers d ep o sited  
th e ir  loads o f  sed im en ts, an d  how the  
sed im en ts  have since b een  rew orked . 
T h e  so u th e rn  coast o f the  G u lf o f 
M aine, betw een  C ape C od, M assachu­
setts, an d  C ape E lizabeth , M aine is 
ch a rac te r ize d  by long  sandy beaches, 
soft cliffs an d  bluffs, an d  an  occasional 
rocky h e a d la n d . T h e re  are  n u m e ro u s  
b a rr ie r  beaches p ro te c tin g  extensive 
salt m arshes lying b e h in d  them .
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Some water breaks away from the counter clockwise Gulf o f Maine gyre off the western tip of Nova Scotia and 
flows into the Bay ofFundy. Water flows back into the Gulf on the Bay's northern edge. Water also breaks off 
the G ulf current on its southern edge to join the current circling Georges Bank. Water that does not complete 
the circuit around Georges Bank spills off into the Northeast Channel or flows south to the mid-Atlantic.

| Annual Production Estimates for Various Shelf Ecosystem s

Mid- Atlantic Georges 
Trophic Level Bight Bank

Gulf of 
Maine

Scotian North 
Shelf Sea

Bering
Sea

Primary
Production 3,103 3,342 2,566 2,280 2,280 1,824

7,ooplankton 357 487 574 411 400 307
Benthos 210 111 98 82 125 149

Fish and Squid
Early 1960s 32 86 32 34 27

Early 1970s 25 52
(kcal/m2)

26 21 24 61

Sherman e t al, 1988

B etw een C ape E lizabeth  and  Passa- 
m aquoddy  Bay a t th e  m o u th  o f the  Bay 
o fF u n d y  is an  ex trao rd in a rily  rugged , 
in d en ted , ro c k b o u n d  stre tch  o f coast. 
In the  m any bays, coves, an d  inlets are  
tho u san d s  o f  islands an d  ledges. M uch 
o f this coast lacks th e  sed im en t 
necessary  fo r sand  beaches o r salt 
m arshes to d ev elop  because  the  
exposed  b e d ro ck  is p rim arily  g ran ite  
and  e ro d es  very slowly. O ften  re fe rre d  
to as a d ro w ned  coastline , the  p resen t- 
day sh o re lin e  evolved w hen rising  sea 
levels flo o d ed  p reh is to ric  river valleys.

T h e  Bay o f  F undy  was sh ap ed  p ri­
m arily by fau ltin g  an d  su bseq u en t 
ero sion  by th e  g laciers. It is know n for 
its ex trem e  tid a l ran g e  w hich can be 
up  to 50 fee t (15 m e te rs ) . T he 
sh o re lin e  o f th e  Bay is ch arac te rized  by 
re d  san d sto n e  cliffs a n d  h a rd  volcanic 
rocks. Swift tid a l c u rre n ts  e ro d e  the  
softer h ead lan ds, p rov id ing  sed im ents 
to the  flo o r o f  the  Bay an d  the  im ­
m ense m u d fla ts  th a t  o ccu r in som e 
places.

O ceanography
Two c u rre n ts  d o m in a te  w ater c ircu la­
tion  in th e  G u lf  o f M aine reg ion : a 
c o u n te r  clockw ise gyre in the  G u lf an d  
an  ad jacen t clockw ise gyre over 
G eorges B ank. Several factors c o n tr ib ­
u te  to th e  G u lf o f M aine gyre. T hese 
inc lu d e  the  sp rin g  ru n o ff  from  the  
re g io n ’s rivers, daily tides, inflow 
a ro u n d  sou thw est Nova Scotia o f w ater 
o rig in a tin g  in th e  G u lf o f Sain t
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Estuaries are a critical source of 
nutrients for the Gulf of Maine 

ecosystem .

It takes a b o u t th ree  m o n th s  fo r w ater 
to  circu la te  a ro u n d  the  p e rip h e ry  o f 
the  Gulf. T hese  circ ling  c u rre n ts  tie 
to g e th e r all the  parts  o f th e  G ulf 
ecosystem.

Across the  G u lf th e re  are  en o rm o u s  
variations in tem p era tu re , salinity, 
density, an d  n u tr ie n t  c o n te n t o f the  
water, d e p e n d in g  on loca tion , tim e o f 
year, an d  w ater d ep th . N u tr ien ts  ten d  
to  becom e tra p p e d  in d e e p e r  w aters. 
W here tides, cu rren ts , an d  b o tto m  to ­
pography  co m b in e  to ind u ce  m ix ing  o f 
bo ttom  an d  surface w aters, biological 
productiv ity  is h ighest. In estuaries 
an d  certa in  o ffshore  areas, usually n ea r 
u n derw ater banks, vertical upw elling  
brings cold, salty, n u trien t-en rich ed  
bo ttom  w ater to the  surface. O ffshore  
areas know n to be strongly  affected  by 
vertical m ix ing  inc lu d e  the  a rea  o ff the  
sou thw estern  coast o f Nova Scotia 
betw een C ape Sable an d  Y arm outh , 
an d  off the  M aine coast from  G rand  
M anan Island  sou th  as far as M atin icus 
Island. D eep  w ater from  the  G u lf o f 
M aine, p u sh e d  o n to  G eorges Bank, is a 
source o f n u tr ie n ts  fo r the  highly  
productive Bank. Many estua ries are

to th e ir  m ou ths, w here they m ix with 
upw elling  d eep  ocean  water.

T he p rim ary  p ro d u c e rs  th a t a re  the  
fo u n d a tio n  o f the  G ulf o f M ain e’s 
biological ab u n dance  inc lude  single- 
celled  plants, called ph y to p lank to n , 
an d  m acroalgae, o r seaw eed. In sp ring  
an d  sum m er, w hen n u trie n ts  a b o u n d  
in sunlit waters, p h y to p lank to n  b loom  
in huge n um bers. In th e  o ffshore  
w aters o f the Gulf, the  areas o f h ig h es t 
p roductiv ity  occu r over the  cen tra l 
p o rtio n  o f G eorges Bank, w ith the  
lowest levels o f p roductiv ity  fo u n d  in 
the  d eep  w aters o f the  G u lf o f  M aine 
an d  a long  the  so u th e rn  edge o f 
G eorges Bank. In co m p ariso n  w ith 
o th e r  sh e lf ecosystem s, all o f  the  G ulf 
o f M aine reg ion  has h igh  p rim ary  p ro ­
ductivity levels.

Seasonal phy top lank ton  b loom s are 
follow ed by p o p u la tio n  exp losions o f 
zoop lank ton , m icroscopic an im als tha t 
graze on the p h y to p lank to n . T he 
d o m in an t co m p o n en t o f the  zo o p lan k ­
ton  com m unity  are  co p ep o ds, th e  p r in ­
cipal food  for larval fish. T his cycle 
form s the  base o f the  flo u rish ing  food  
chain  th a t sustains the  fish, m arin e  
m am m als, an d  b irds o f the  Gulf.

availability, ocean  cu rren ts , an d  
sed im en t type co m b in e  to p ro d u c e  the  
com posite  o f hab ita ts  th a t is th e  G ulf 
ecosystem.

Estuaries, w here fresh  river w ater 
m ixes with the  salty o cean , are  ex c e e d ­
ingly p roductive  hab ita ts , serving as an 
im p o rtan t link in the  G u lf ecosystem . 
Seasonal ph y to p lank to n  b loom s m ake 
estuaries a desirab le  nu rsery  fo r the  
p lank to n ic  larvae o f m any b e n th ic  
inverteb ra tes such asw orm s, m ollusks, 
and  cru staceans, as well as fo r ju v en ile  
fish. T he re g io n ’s e s tua ries  a re  
th o u g h t to be vital a t som e life stage to 
ab o u t 70% o f the  fish species o f 
com m ercial in te re st a long  the  G u lf 
coast.

Salt m arshes an d  tidal flats are  
charac teristic  fea tu res  o f the  re g io n ’s 
bays an d  estuaries. M ud flats o ccu r in 
shallow an d  p ro te c te d  w aters, an d  
develop by d ep o sitio n  o f  fine sed i­
m ents. W here flats a re  shallow  en o u g h  
in slope fo r e m e rg e n t p lan ts  to grow , 
the  u p p e r  p o rtio n s  d evelop  in to  a salt 
m arsh . W etland  p lan ts  p rov ide  food  
an d  cover for b o th  m a rin e  an d  te rre s ­
tria l organism s, trap  sed im en ts  an d  
an c h o r substra te , an d  ad d  n u tr ie n ts  to
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Rocky intertidal shores are one of 

the m ost characteristic features of 
the Gulf shoreline, and com prise an 

expansive habitat because of the 
region’s large tidal range.

Humpback whale nearJeffereys Ixdge.

Razorbill auks on Old Man Island off Culler, Maine

the  system th ro u g h  deco m p o sitio n . 
Sm all inv erteb ra tes  live in th e  m u d  an d  
creeks o f  salt m arshes an d  are  c o n ­
sum ed  by fish, c ru staceans, an d  
b re e d in g  an d  m ig ra ting  b irds. T erres- 
tria l m am m als such as raccoo n s, foxes, 
an d  m ink  also feed  in o r n e a r  salt 
m arshes an d  exposed  tidal flats.

T h e  n o n -es tu a rin e  h ab ita ts  o f  the  
n e a rsh o re  G u lf o f M aine - b each es, 
rocky in te rtid a l shores, n ea rsh o re  
subtidal areas, islands, an d  o ffshore  
areas also play im p o rta n t ro les  in 
susta in ing  the  ecosystem .

Rocky in te rtid a l shores a re  o n e  o f 
th e  m ost charac teris tic  fea tu re s  o f  the  
G u lf sh o re lin e , an d  co m p rise  an  ex­
pansive h a b ita t because  o f  th e  re g io n ’s 
large  tidal range. Like b each es, they 
are  usually h igh  energy  e n v iro n m en ts  
th a t only ce rta in  o rgan ism s can 
to le ra te . T h e  p lan ts  a n d  an im als  th a t 
live o n  rocky shores, in c lu d in g  rock- 
w eed, barnacles, periw inkles, an d  
m ussels, have a d ap ted  m ean s o f  
a d h e rin g  to h a rd  surfaces. O th e r  
an im als survive by living in crevices 
an d  tide  pools.

T h e  G u lf sh o re lin e  in c lu d es  a g rea t 
n u m b e r an d  variety  o f  b each es  - sand , 
gravel, cobb le , an d  b o u ld e r. A nim als 
th a t live on  beaches are  a d a p te d  to  a 
constan tly  sh ifting  w orld. M icroo rg an ­
isms an d  tiny inv erteb ra tes  living 
betw een  sand  g ra in s a n d  a b u rro w in g  
c ru stacean  a re  the  d o m in a n t o rg a n ­
ism s o f  th e  re g io n ’s sand  b each es. S u rf 
clam s are  o n e  o f th e  few la rg e r



7 idal extremes at Halls Harbour, Nova Scotia in the Bay ofFundy.

organism s m ak ing  th e ir  h o m e on  the  
subtidal p o rtio n s  o f  sand  beaches. 
Razor clam s an d  q u a h o g s  are  com m on 
in the san d ie r flats, w hile soft shelled  
clams and  m a rin e  w orm s can be fo u n d  
in m udflats. M any sh o re  b irds are 
especially well a d a p te d  to cap tu rin g  
the small an im als living on  beaches 
and  flats.

M ore th a n  3,000 islands d o t the 
p erip hery  o f th e  G u lf o f  M aine. Sandy 
b arrie r islands a re  co m m o n  in Massa­
chusetts, such as M onom oy, o ff C ape 
Cod, an d  Plum  Is land , n o r th  o f  C ape 
A nn. H ow ever, th e  vast m ajority  are  
rocky o u tc rop s o f varying sizes, m any 
located  a lo ng  the  M aine coast. Islands 
su pp o rt a m u ltitu d e  o f  n es tin g  sea­
birds, seals, an d  shellfish . D ue to 
geograph ic iso lation , islands often 
have u n iq u e  vegetative com m un ities 
and  rare  p la n t species.

T he shallow  m a rin e  sub tida l h ab ita t 
co n trib u tes  to the  p ro d uc tiv ity  o f the  
G ulf ecosystem  in several ways. It is 
hom e to a variety o f  m acroa lgae , 
inc lud ing  kelp an d  eel grass; th e ir  
d istribu tion  is d e p e n d e n t  on  bo ttom  
substrate an d  p e n e tra tio n  o f  sunlight. 
M arine organ ism s fin d  food  and  
p ro tec tio n  in these  seaw eed beds. 
O rganism s com m on  to  th e  subtidal 
hab ita t o f  the  G u lf in c lu d e  sea u rch ins, 
starfish, an d  sand  d o lla rs-fav o rite  
finds o f p eo p le  ex p lo rin g  tidepoo ls.
Sea scallops, w in ter f lo u n d e r , and  
lobster, all o f  com m erc ia l im p o rtan ce , 
are  fo und  b o th  in n e a rsh o re  subtidal

areas, as well as a lo n g  the  b o tto m  of 
o ffshore w aters. Som e an im als m igrate 
in sh o re  in su m m er to re p ro d u c e  in the 
relatively rich  an d  te m p e ra te  w aters o f 
the  shallow  su b tid a l area . O the rs, such 
as sh rim p , m ig ra te  in sh o re  in the 
w inter to rep ro d u ce .

T h e  a b u n d a n c e  o f com m ercially  
valuable fish has m ade  the  offshore 
h ab ita t o f  th e  G u lf o f  M aine fam ous on 
b o th  sides o f the  A tlan tic . Productive 
waters over su b m erg ed  o ffshore banks 
sustain a variety o f  m arin e  life - ben th ic  
inverteb ra tes, fish, m arin e  m am m als, 
an d  birds.

F ish
T h e G ulf o f M aine reg io n  suppo rts  
h u n d re d s  o f species o f  fish and  
shellfish. T h e  fish can be described  as 
one  o f two types: pelag ic , o r  those tha t 
live in the  w ater co lu m n , o r dem ersal, 
those th a t live on  o r n e a r  the  seabed. 
T h e  m ore  co m m o n  pelag ic  fish o f the 
G ulf reg ion  inc lu d e  sharks, h e rrin g , 
m e n h ad en , capelin , m ackerel, b luefin  
tuna , sw ordfish, a n d  b luefish . M ost o f 
the  pelagic fish have d efin ite  seasonal 
m ovem ents, usually in response  to 
chang ing  w ater te m p e ra tu re . Som e 
move betw een  in sh o re  an d  offshore, 
o th e rs  m igra te  n o r th  to th e  G ulf 
reg ion  as the  w ater w arm s each 
sum m er.

D em ersal fish, o ften  called  
g round fish , inc lu d e  cod, haddock, 
hake, po llock , w hiting , an d  cusk, as 
well as the  flatfish , in c lu d in g  ha libu t

an d  the  f lo u n d e rs . T h e  d is tr ib u tio n  o f 
dem ersal fish is affec ted  m ore  by the  
su bstra te  o f  the  b o tto m  th a n  by 
changes in te m p e ra tu re . Som e o f 
these  fish are  fo u n d  exclusively on  the  
b o tto m , feed in g  on  b e n th ic  o rgan ism s, 
w hile o th e rs  a re  fo u n d  b o th  a lo n g  the  
b o tto m  a n d  in th e  w ater co lum n .
O th e r  dem ersa l o rgan ism s o f co m m er­
cial value in c lu d e  n o r th e rn  sh rim p , 
squid , lobsters, c rab , an d  sea scallops.

Som e g e n e ra l observations can be 
m ade a b o u t the  spatial d is tr ib u tio n  o f 
fish across th e  G u lf reg io n . In  the  
in sh o re  Gulf, cod, h ad d ock , b lackback 
f lo u n d e r, an d  o th e r  f lo u n d e rs  are  
p re d o m in a n t. In  th e  d eep  w ater Gulf, 
the  p rinc ip a l species are  A m erican  
plaice, witch flo u n d e r, red fish , white 
hake, an d  cusk. In ce n tra l G eorges 
Bank, cod, h ad d ock , b lackback  and  
yellowtail f lo un d ers , an d  po llock  are  
d o m in an t. O n th e  N o rth e ast Peak o f 
G eorges B ank, sea scallops are  d o m i­
n a n t, with seasonal ab u n d a n c es  o f 
g ro u n d fish  such as cod  an d  haddock . 
Som e fish stocks u n d e rta k e  seasonal 
m ovem ents, crossing  the  b o un d ary  
betw een  th e  U n ited  S tates an d  C an­
ada.

Sea h e rr in g  an d  m e n h a d e n  are  
seasonally a b u n d a n t th ro u g h o u t the 
G idf reg io n , particu larly  in n ea rsh o re  
w aters. Spaw ning  stocks o f  h e rr in g  
o ccu r o ff southw est Nova Scotia, a long  
the  coast o f  M aine, an d  on  Jeffreys 
L edge an d  N an tu c k e t Shoals; a 
re b u ild in g  stock exists o n  the  n o r th e rn
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Th e  Gulf of Maine provides critical 
habitat for the northern right whale, 

the most endangered of all the marine 
mam mals found in the region.

Eider ducks

edge  o f G eorges Bank. T hese stocks 
m ix an d  are  fo u n d  th ro u g h o u t the 
G u lf reg io n  at various tim es o f the  
year.

M ammals
M ore than  18 species o f m arine  
m am m als a re  p re se n t in the  G ulf o f 
M aine at som e tim e d u rin g  the  year. 
S p ring  is th e  season o f h ighest a b u n ­
dan ce  fo rw hales, do lph ins, and  
porpoises, co inc id in g  with the  p erio d  
o f  the g re a te s t an n u a l upw elling  in 
G ulfw aters. G eorges Bank serves as a 
m ajo r fe e d in g  a rea  and  nursery , an d  
also as a “re fu e lin g ” site fo r som e 
species m ig ra tin g  th ro u g h  to the  G ulf 
o f  M aine, Bay o f Fundy, Scotian Shelf, 
an d  o th e r  areas. O verall n u m b ers  d e ­
c line  in th e  w inter, as m any species 
m ig ra te  back  to so u th e rn  b reed in g  
g ro u n d s , som etim es as far as the  W est 
Ind ies (e.g., h u m pback  whales).

T he G u lf o f  M aine provides critical 
h a b ita t fo r th e  n o r th e rn  rig h t w hale, 
th e  m ost e n d a n g e re d  o f all the  m arine  
m am m als fo u n d  in the  reg ion . Be­
tw een A pril a n d ju ly , these anim als 
c o n cen tra te  a ro u n d  N an tucket Shoals 
an d  the  G rea t Sou th  C h an n el, west o f 
G eorges B ank, an d  they are  fo u n d  at 
th e  m o u th  o f  the  Bay o f Fundy from  
la te  su m m er in to  the fall. Fem ales 
w in ter an d  give b irth  to young  off the 
coast o f G eorg ia , bu t the  m ales’ 
w in tering  areas are  u n certa in .

B irds
T h e varied  hab ita ts  o f  the  G ulf o f M aine 
are  b re e d in g  an d  feed in g  g ro u n d s  fo r a 
h u g e  a b u n d a n c e  an d  diversity o f birds. 
S h o reb ird s  find  food in the  m udflats 
an d  sand  beaches o f the  G u lf as they 
m igrate  betw een the ir Arctic b reed in g  
g ro u n d s  an d  so u th ern  areas. Sander- 
lings, sem ipalm ated  sandpipers, sh o rt­
b illed  dow itchers, and  b lack-bellied 
p lovers a re  especially  com m on. T he 
p ip in g  p lover an d  least te rn  are  the  only 
sh o reb ird s  th a t nest on the  sand 
b each es o f the  Gulf.

G rea t b lue  h erons, osprey, an d  bald  
eagles feed  an d  b reed  in an d  n e a r  the 
G u lf  s estuaries. H erons feed  on 
cru stacean s an d  small fish in the  
shallows an d  usually b reed  in large 
ro o k eries  on  islands o r on the  edges o f 
swamps o r m arshes. O sprey feed  an d  
h u n t in th e  q u ie t waters o f bays and  
estuaries, an d  usually nest nearby.
Eagles m ate  fo r life an d  usually nest 
h igh  in a live tree.

T h e  G u lf  s shallow subtidal h ab ita t 
supp lies food  for diving ducks, in c lu d ­
ing eiders, buffleheads, goldeneyes, 
scoters, oldsquaw , an d  m ergansers. Al­
th o u g h  only e iders b reed  in the  G ulf 
reg io n , m ost o f these ducks spend  all 
b u t th e  b reed in g  season a long  the  
shores o f the  Gulf, feed in g  on sm all fish 
and  invertebra tes.

All seab irds b reed  on  coastal islands 
o r p ro te c te d  p ro m o n to rie s . Som e, like 
puffins, shearw aters, auks, an d  p etre ls, 
live at sea ex cep t w hen b reed in g . Early 
se ttlers  and  fishe rm en  look ing  fo r food , 
bait, an d  fea thers dec im ated  p o p u la tio n s  
o f som e seab irds by the  e n d  o f  the  
1800s. Seab irds are  now p ro te c te d  by 
law an d  th e ir  p o p u la tio n s  are  recover­
ing.

C onclusion
T h e G u lf o f M aine ecosystem  is com ­
p rised  o f a series o f in te rc o n n e c te d  
hab ita ts , fo rm in g  the  basis o f h u m an  
eco n o m ic  activity in the  G u lf reg ion . 
P eop le  who live on  the  shores o f the  
G u lf o f M aine have long  a p p re c ia te d  its 
b io log ical w ealth. Many have n o u rish ed  
them selves an d  m ade a live lihood  from  
its bounty . H ow ever, the  su sta in ed  use 
o f  the  G u lf  s resou rces will re q u ire  new 
a tte n tio n  to th e ir  m anagem en t.
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C H A P TER  TW O

HROUGHOUT HISTORY, 
th e  G u lf o f  M aine has 
b een  m ost widely know n 

and  m ost consisten tly  valued  fo r its fish­
ery resources. As early  as 5,000 years 
ago, p reh isto ric  p eo p les  fished  the  G ulf 
in du go u t canoes fo r cod  an d  haddock . 
E uropean  ex p lo re rs  d iscovered  the 
G u lf  s w ealth  in th e  1500s an d  re tu rn e d  
year a fter year to harvest fish an d  carry 
the ir catch back to E u rope . In the  last 
h a lf o f this m illen iu m , p e rm a n e n t 
inhab itan ts  se ttled  n e a r  the  Gulf, 
m aking th e ir  live lihood  from  the  wealth 
o f natura l reso u rces  in the  reg io n . As 
we ap p ro ach  the  21st cen tu ry , these 
resources still figure p ro m in en tly  in the 
lives an d  econom y  o f  G u lf res iden ts .

F ishing
T he G ulf o f  M aine su p p o rts  nearly
20,000 fisherm en , fishing approx im ate ly  
300 C anadian  an d  1,350 A m erican  
boats, as well as a b o u t 4,000 lob ste r 
boats betw een  th e  two co u n tries . In 
1988, land ings fo r the  reg io n  to ta led  
nearly 1.2 b illion  p o u n d s  (529,000 
m etric to n s ) , w orth  ap p ro x im ate ly  $650 
m illionU .S . ($ 7 9 8 m ill io n C ) .

The fish ing  industry  su p p o rts  m any 
m ore p eo p le  than  ju s t  th e  fishe rm en  
them selves; a lm ost an equal n u m b e r 
work at fish p ro cessin g job s. T h ou san d s  
o f o thers a re  em ployed  b u ild in g  an d  re ­
pairing  boats, selling  fuel a n d  supplies, 
and  buying an d  selling  fish. In som e 
com m unities a long  the  southw est coast 
o f Nova Scotia, ap p ro x im ate ly  75 % o f

Salmon aquaculture operation in Eastport, Maine
the p o p u la tio n  is d irectly  d e p e n d e n t  
on  com m ercia l fishing. T h e  an n u a l 
value o f the  fishing  industry  to the  
reg iona l econom y is as m uch  as th re e  
tim es the  value o f the  fish lan d e d  - 
approx im ate ly  two billion dollars.

In 1977, b o th  C anada  an d  the  
U n ited  States e x ten d e d  th e ir  fisheries 
m a nagem en t ju risd ic tion  to  200 m iles 
offshore. F ishing by fo re ig n  vessels, 
w hich had  been  intensive in the  
reg ion, was largely p rec lu d ed .
F ishing in the  G ulf o f  M aine an d  on  
G eorges Bank has d o u b le d  since 1977 
as U.S. an d  C anad ian  fish e rm en  have 
in tensified  th e ir  e ffo rt in o rd e r  to

take advantage o f exclusive rig h ts  to 
fish stocks.

W hen C anada  a n d  th e  U n ite d  States 
ex ten d e d  th e irju risd ic tio n s , bo th  
n a tio n s  c la im ed  G eorges Bank. A t­
tem pts to n eg o tia te  a fisheries a g re e ­
m e n t allow ing m u tu a l access to 
G eorges Bank failed . In O c to b e r  1984, 
the  In te rn a tio n a l C o u rt o fju s tic e  
d ec id ed  on  a b o u n d a ry  line  th a t 
d iv id ed ju risd ic tio n  over G eorges Bank 
betw een the  two co u n tries . C a n a d ian  
landings have inc reased  since g a in in g  
exclusive access to the  rich  g ro u n d fish  
an d  scallop g ro u n d s  on  the  N o rth e a s t 
Peak o f G eorges Bank.
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Many new marine resource 
harvesting and cultivating 

ventures are being initiated. 
Am ong these are the harvesting 

of sea urchins and seaweed, 
and the cultivation of fish 

and shellfish.

Gulf of Maine Fish Landings by Weight and Value, 1981 ■ 1988

Year
Compiled from  data collected by federal and state agencies

The rise in Canadian landings, by weight, since 1984 probably can be attributed to gaining exclusive access 
to the Northeast Peak of Georges Bank after resolution o f the international boundary dispute. The decrease in 
U.S. landings reflects a decrease in groundfish stocks, as well as loss o f access to the Northeast Peak. Value in 
both countries has increased in response to high demand. The reason for the difference in value between 
Canadian and U.S. catch is uncertain; it may reflect that the majority o f Canadian fish is frozen while U.S. 
fish is sold fresh. In addition, valuable shellfish species make a greater proportion of the total catch in the 
U.S. than in Canada.

U.S. fish catch  in the  G u lf o f 
M aine reg io n  has d e c lin e d  d u rin g  
the  last d ecade. L and ings o f cod, 
h ad d ock , an d  f lo u n d e r  have e x p e ri­
en ced  the  g rea test d ec line . U n til a 
re c e n t p rice  d o w n tu rn , lim ited  
supplies o f these h isto rically  p o p u la r  
g ro u nd fish  species led  to in c reased  
prices. Shellfish lan d in g s by w eight, 
an d  to a certa in  d eg ree  by value, have 
increased .

A lthough  stocks o f trad itiona lly  
fished  species a p p e a r  to be  dw ind ling , 
new m arkets have arisen  fo r previously 
u n d e ru tilize d  species such as po llock , 
hake, an d  cusk. M any new  m a rin e  re ­
source harvesting  an d  cu ltivating  ven­
tu res  are  be ing  in itia ted . A m ong  these 
are  the  harvesting  o f sea u rc h in s  and  
seaw eed, an d  the  cu ltivation  o f  fish 
an d  shellfish.

T h e  sea u rch in  fishery  in M aine has 
grow n over the last co u p le  o f years to 
an estim ated  a n n u a l value o f two to 
th ree  m illion  do llars  (U .S.) in  1988. 
M ost sea u rch in s  a re  h arv ested  by 
divers an d  e x p o rte d  to ja p a n  w here  
the  roe  is c o n s id e re d  a delicacy.

In  Nova Scotia, th e  seaw eed harvest 
tr ip led  betw een  1985 an d  1988, 
g ro w ing from  15.4 m illion  p o u n d s  
(7,000 m etric  tons) to 55 m illion  
p o u n d s  (25,000 m etric  to n s). Rock- 
w eed and  Irish  moss are  p ro cessed  in to  
th ick en ers  fo r food  an d  in d u stria l uses. 
It is likely th a t seaw eed h arvesting  will



Gulf of Maine Aquaculture Harvest by Weight and Value of Selected Species, 1988

Salmon Trou t Mussels Oysters Quahogs

Mass. 250 tons/225 mT 
$550,000 (US) 
$676,5000 (C)

8,000 tons/7,200 mT 
$12.4 million (US) 
$15.3 million (C)

$12.95 million (US) 
$15.97 million (C)

New Ham pshire
2 ton s/1.8 mT 
$5,500 (US) 
$6,765 (C)

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

Maine
500 tons/450 mT 
$5 million (US) 
$6.2 million (C)

5 tons/4.5 mT 
$40,000 (US) 
$49,200 (C)

1,295 ton s/1,166 mT 
$740,000 (US) 
$910,200 (C)

60 tons/54 mT 
$180,000 (US) 
$221,400 (C)

$5.96 million (US) 
$7.38 million (C)

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

$43 million (C)

—

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

Nova Scotia
30 tons/27 mT 
$252,033 (US) 
$310,000 (C)

215 tons/195 mT 
$1.08 milion (US) 
$1.33 million (C)

1,650 tons/1,500 mT 
$1.63 million (US) 

$2 million (C)
55 tons/50 mT 
$91,057 (US) 
$112,000 (C)

$3.05 million (US) 
$3.75 million (C)

Total Weights 4,380 tons/3,977 mT 220 ton s/198 mT 2,945 tons2,666 mT 367 tons/331 mT 8,000/7,200 mT

Tota l Value 
(m illions)

$40.21 (US) 
$49.5 (C)

$1.12 (US) 
$1.38 (C) $2.37 (US) 

$2.91 (C)
$0.83 (US) 
$1.02 (C)

$12.4 (US) 
$15.3 (C) $56.93 (US) 

$70.1 (C)

Compiled from  data collected by federal, state, and provincial agencies

ex p an d  in to  o th e r  areas o f the  G ulf 
because these  p lan ts  flourish  
th ro u g h o u t the  G u lf s  expansive 
rocky in te rtid a l h ab ita t.

A lthough  a variety o f fish and  
shellfish re a r in g  p ro jec ts  have been  
a ttem p ted  in the  G u lf reg io n  over the  
last cen tu ry , it was n o t un til the  1970s 
th a t m ore  intensive efforts were 
in itia ted . In  the  1980s, the  aquacu l­
tu re  ind u stry  has e x p a n d e d  g reatly  and  
fu r th e r  grow th  is p ro je c te d  in the  n ex t 
decade. C u rren tly , th e re  are  aq u acu l­
tu re  o p e ra tio n s  in all o f  the  G ulfju ris- 
dictions, ra ising  p rim arily  A tlantic 
salm on, rainbow  tro u t, mussels, 
oysters, an d  quahogs. T h e  cu ltu re  o f 
sea scallops, bayscallops, halibu t, and  
bait w orm s is also b e in g  investigated . 
O ver 200 leases o r g ran ts  have been  
given to ind iv iduals o r com pan ies to 
raise finfish  an d  shellfish in G ulf waters 
o r on the  seabed .

R ecreational fishing  is p o p u la r in 
the  G u lf o f M aine an d  g en era tes  
sign ifican t econom ic activity. T he 
fishery  in New Brunsw ick and  Nova 
Scotia is largely fo r A tlantic salm on 
c au g h t in coastal rivers. New B run ­
swick estim ates this fishery, a long  its 
Bay o f  Fundy sh ore , to be w orth th ree  
to five m illion  C anad ian  do llars each 
year.

In the  New E n g lan d  states th e re  
w ere at least 9 m illion  rec rea tio n a l 
saltw ater fish ing  trips m ade in 1985. 
T hese  trips re su lted  in an estim ated  
catch  o f m o re  th a n  six m illion  fish in 
M aine, o n e  h a lf  m illion  in New 
H am p sh ire , an d  over 15 m illion  in 
M assachusetts. T h e  p rinc ipa l species 
c au g h t w ere m ackerel an d  cod, as well 
as f lo u n d e r, po llock , an d  bluefish. 
M assachusetts estim ates tha t nearly
790,000 saltw ater fishe rm en  sp en t $803 
m illion  (U .S.) in the  sta te in 1987.

T ourism
Seaside reso rts  on  C ape C od, in New 
H am p sh ire , so u th e rn  M aine, an d  Bar 
H a rb o r  becam e p o p u la r  in th e  m id 
1800s, an d  w ere f re q u e n te d  by the  
w ealthy fam ilies o f B oston, New York, 
an d  P h ilad e lp h ia . T ra n sp o rta tio n  im ­
provem ents, particu larly  rail service 
an d  la te r  th e  co n s tru c tio n  o f highways, 
e n a b le d  m o re  p eo p le  to escape from  
the  cities to vacation  a long  the  coast. 
C han g in g  socio-econom ic cond itions 
follow ing W orld  W ar II led to in ­
creased  le isu re  tim e an d  incom e - an d  
to  mass tou rism .

T oday  over a b illion  p eo p le  com e to 
the  G u lf o f  M aine coast each year to 
enjoy th e  p ristin e  en v iro n m en t, the  
varied  lan d  an d  seascapes, the  cu ltu ra l 
an d  h isto rica l a ttrac tio n s, an d  the  
m any rec rea tio n a l o p p o rtu n itie s  the  
G u lf has to offer. In 1988, approx i-
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Passenger ships are not as common as they once were; however femes still provide a link to the mainland for the many island communities of the Gulf, as well as 
between Nova Scotia and New Brunswick. Each year approximately 100,000 people travel by ferry between Canada and the U.S. The Scotia Prince, above, travels 
between Portland, Maine and Yarmouth, Nova Scotia during the summer months. Cruise ships — a recent and growing addition to the tourist trade — made over 
100 visits to G ulf ports in 1988.

m ately 4.5 m illio n  p eo p le  visited 
A cadia N atio n al Park  in M aine, an 
increase  fro m  3.3 m illion  visitors in 
1980, m ak in g  it th e  second  m ost visited 
n a tio n a l p a rk  in th e  U n ited  States. 
C ape C od N atio n al Seashore a ttrac ted  
5.2 m illion  v isitors in 1988, up  over 
on e  m illion  p eo p le  since 1980. Fundy 
N ational P ark  has h e ld  relatively 
co n stan t a t be tw een  650,000 to over
700,000 visitors over each  o f the  last 
ten  years.

S econd  h o m e  d ev e lop m en t is 
inc reasing , as m o re  p eo p le  seek the  
quality  o f  life p ro v id ed  by a hom e on 
th e  coast. A lth o u g h  sum m er houses 
have b een  co m m o n  a long  the  shores 
o f the  G u lf fo r the  last cen tury , the 
b u ild in g  b o om  o f  th e  1980s d ra m a ti­
cally in c reased  th e  n u m b e r o f second  
hom es b e tw een  C ape C od an d  m id ­
coast M aine.

T o u rism  is b ig  business in the  G ulf 
o f M aine; it is a m ajo r c o n tr ib u to r  to 
state an d  p rov incia l econom ies. 
T o u ris t d o lla rs  are  an im p o rtan t

Whale watching is a growing activity in the Gulf of Maine. Here a whale is spotted off Brier Island, Nova 
Scotia. During 1986 more than 40 vessels carrying approximately 1 million persons cruised the Jeffreys Ledge 
and Stellwagen Bank areas in search of whales. Revenues in 1986from whale watching operations in the 
southern G ulf o f Maine are estimated at $16 million U.S.
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People are moving to parts of the 
Gulf region in unprecedented num ­

bers. A recent forecast predicts 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.

Joint ventures are a new trend in fish processing in the Gulf o f Maine. American and Canadian vessels catch 
fish that are offloaded onto foreign vessels. In recent years, Massachusetts and Canada have had processing 
agreements with East Germany and the Soviet Union for herring. Since 1988, Maine has had processing 
agreements with the Soviet Union for menhaden.

source o f rev en u e  to coastal towns, 
m any o f w hich have sh ifted  from  
fishing-based to tourism -based  e c o n o ­
mies. T h e  tou rism  industry  on  C ape 
Cod a c c o u n te d fo r$ 1 .5  b illion  (U.S.) 
in 1985, re p re se n tin g  75% o f  the  
C ape’s econom y.

Q uality of life
T he value o f  th e  G u lf in term s o f 
e n h an c in g  the  quality  o f life in the 
reg ion  is nearly  im possib le to m easure , 
bu t this fac to r is very im p o rta n t in 
g en e ra tin g  econom ic  activity. P eople 
like to live n e a r  the  ocean . A recen tly  
p ublished  survey o f hom ebuyers in 
M aine fo u n d  th a t 73% p re fe r re d  an 
ocean view. Few p eo p le  can affo rd  to 
live on the  w ater, b u t m any w ant to live 
n ear the  coast because they are  
en am o red  o f  the  c h a rac te r  o f the 
reg io n ’s coastal fishing com m unities, 
its w ork ingw aterfron ts, an d  th e  ru ra l 
areas w here  o p en  space an d  fa rm lan d  
charac terize  the  shorefron t.

T he re g io n ’s h igh  quality  o f  life, 
a u g m en ted  by its ties to the  G ulf o f 
M aine, is a reco g n ized  asset. A re c e n t 
study by th e  E astern  M aine D evelop­
m en t C o rp o ra tio n  fo u n d  th a t 69% o f 
the  400 c h ie f  executives they surveyed, 
rep re se n tin g  nearly  70% o f the  s ta te ’s 
businesses, believed quality  o f life to  be 
the  m ost s ign ifican t advan tage to a 
M aine business location . P eop le  are  
m oving to p arts  o f the  G u lf reg ion  in 
u n p re c e d e n te d  n um bers . A re c e n t 
fo recast p red ic ts  th a t the m e tro p o litan

area  d e fin ed  by seacoast New H am p ­
sh ire  an d  so u th e rn  M aine is o n e  o f 
fo u r in the U.S. th a t will d o ub le  in 
p o pu la tio n  betw een 1985 an d  2005.

S hipping
In the  1800s, ships ca rried  salt cod, 
lum b er, and  g ran ite  from  New E ng­
lan d  an d  the  M aritim es across th e  G u lf 
o f M aine to destin a tio n s in o th e r  parts  
o f the  U.S. an d  C anada, as well as to 
fo re ign  ports, b ring in g  back sugar, tea, 
an d  rum . A lthough  the  cargo  has 
diversified, sh ipp ing , particu larly  o f 
p e tro leu m  p roduc ts , co n tin u es to  be 
an im p o rtan t use o f the  Gulf.

E nergy and mineral exploration 
O ver the  last th irty  years, th e re  have 
b een  a n u m b e r o f p roposals to d rill fo r 
oil an d  gas in the  G ulf reg ion . In 1981 
an d  1982, five A m erican co m p an ies  
d rilled  eightw ells on  G eorges Bank, 
b u t oil and  gas w ere no t fo u n d  in

explo itab le  quantities. However, 
p e tro leu m  has b een  fo u n d  n e a r  Sable 
Island, Nova Scotia to the  east o f  the  
Gulf. At p re se n t th e re  is oil ind u stry  
in te re s t in p ro c e e d in g  with oil an d  gas 
ex p lo ra tio n  on b o th  the  U.S. and  
C anad ian  parts  o f G eorges Bank, b u t 
co n cern s ab o u t the  p o ten tia l en v iro n ­
m enta l im pacts o f d rilling  o p e ra tio n s  
have slowed any specific p lans. R e­
source estim ates fo r the  reg io n  have 
varied  enorm ously . T he U.S. D e p a rt­
m e n t o f the  In te r io r  estim ates th a t a 
p o rtio n  o f G eorges B ank may be 
u n d e rla in  by 20 m illion  b arre ls  o f  oil 
an d  0.5 trillion  cubic fee t o f  n a tu ra l 
gas. C anad ian  O il an d  Gas L ands 
A dm in istra tion  estim ates fo r an  
ad jacen t a rea  are  m uch  g re a te r  - o n e  
to two billion  barre ls  o f  oil an d  five to 
ten  trillion  cubic fee t o f  gas. T h e  G ulf 
o f M aine p ro p e r  has never b een  
co n sid ered  a g ood  p ro sp e c t fo r oil an d  
gas, b u t som e in te re st in the  Bay o f
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Tourist and residents enjoy one o f the G ulfs many sandy beaches.

Tourism  in the Gulf Of Maine

# Non-resident 
Tourists/Year

Tourist Expenditures
(millions)

Direct+Indirect 
# Jobs

Massachusetts 22.6 million (State) $4,210 1 88,000+
New Hampshire 2.11 million (coast) $334.2 (coast) 53,500 (state)

Maine 6.3 million2 $920 (coast) 57,600
New Brunswick 2.5 million $38 (Fundy region) 19,200

Nova Scotia 1.2 million3 $280.9 (Fundy region) 12,900
1. Includes Barnstable County, Middlesex County, and Boston/Cam bridge area; state total for direct 
tourist expenditures was $6.2 billion in 1987.
2. State total, August 1984-July 1985.
3. May- O ctober only (province total, non-residents).
Sources: Massachusetts D epartm ent o f Tourism; Boston Globe, May 1987; University of New Hampshire, 
Departm ent of Leisure M anagem ent & Tourism; Maine Departm ent of Tourism; New Brunswick Tourism 
Statistics Manual; Nova Scotia D epartm ent of Tourism & Culture.

Cargo Traffic in the Major Ports in the Gulf of Maine
Tota l Cargo (Im ports + Exports)

million short tons (metric tons)

Petroleum &
Fuel Oils % of Total Dry Cargo Total

Boston 18.4 (16.7) 87% 2.7 (2.5) 21.1 (19.2)
Portsmouth 1.5 (1.3) 43% 2.0 ( 1.8) 3.5 (3.1)

Maine1 11.1 (10.1) 93% 0.86 (0.78) 12.0 (11.0)
Saint John 12.6 (11.4) 77% 3.9 (3.5) 16.4 (14.9)

1. Maine ports include Portland, Searsport, Eastport, W interport, and Bucksport. Portland handles the 
dom inant share of petroleum  cargo traffic; Searsport and Bucksport have lesser roles.
Sources; U.S. Army Corps of Engineers; Maine DOT; Massport, Boston; Saint John  Port Authority; 
Statistics Canada.

Fundy has b een  ex p ressed  re c e n tly .
Extensive sand  an d  gravel deposits  

lie on  the  seabed  o f the  G u lf o f  M aine.
T o  da te , no  m in ing  has tak en  place, 
b u t it is likely th a t in the  fu tu re  it will 
becom e econom ically  favorable to 
ex p lo it these offshore resources.

T idal power
T h e p ilo t facility at A nnapo lis  Royal,
Nova Scotia is one  o f th re e  tidal pow er 
stations cu rren tly  in o p e ra tio n  w orld­
wide, g en e ra tin g  17.8 m egaw atts o f 
electricity . T idal pow er facilities have 
b een  co n sid ere d  at o th e r  sites on  the 
Bay o f Fundy as well, b u t several envi­
ro n m en ta l, econom ic, an d  po litica l 
issues rem ain  to be reso lved  befo re  
construction  proceeds.

W aste disposal
T h e G ulf o f M aine is also valued  fo r its 
ability to assim ilate o u r  w astes-sew age, 
industria l e ffluen t, a ir p o llu tan ts , and  
u rb a n  an d  o th e r  ru n o ff. Q uan tify ing  
th a t value is cu rren tly  n ex t to im possible.

O ver the  years, society has o ften  
fo u n d  th a t o cean  d isposal is a sim ple 
an d  ap p aren tly  eco n o m ica l way to get 
rid  o f wastes, b u t the  tru e  cost o f 
disposal, inc lu d ing  th e  loss o f o th e r  
valued  uses th a t are  p re c lu d e d  by waste 
d isposal, is rare ly  ca lcu la ted . A low 
sewer bill m a y re p re se n te c o n o m ic  
efficiency from  the  perspec tive  o f the  
sewage tre a tm e n t p la n t o p e ra to r , b u t if 
shellfish harvesting  is severely lim ited
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Ship and boat building and repair are an important activity on the G ulfs waterfront; use of the Gulfs resources drives demand for these services. Bath Iron Works, a 
federal defense contractor, is Maine's largest private employer. The vast majority o f the region's facilities are much smaller operations, many o f which are feeling pressure to 
sell to developers planning to construct non-water dependent projects such as homes and restaurants.

by bacterial p o llu tio n  from  the  sewage 
trea tm en t p lan t, th e  cost to society is 
n o t reflec ted  in th a t bill.

For exam ple , in a re c e n t  study 
evaluating  the  tru e  cost o f sewage 
disposal in the  Ipsw ich and  
N ew buryport a rea  o f M assachusetts, 
the co s to fa llo w in g  c o n tin u e d  sewage 
discharges was es tim ated  a t $700,000 
(U .S.), equal to the  b en efits  to the 
com m unity  o f a harvestab le  shellfish 
resource. E stim ates fo r rem oving  the 
d ischarges w ere $200,000. In such 
cases, it is m ore  e ffic ien t fo r society to 
clean up the  d isch arges an d  p ro d uce  
add itiona l benefits  from  a clam  fishery 
than  it is to m a in ta in  low sewage 
disposal costs by p ro v id in g  inadequ a te  
treatm ent.

It is possib le to c o n d u c t this k ind o f 
analysis fo r relatively d iscre te  situations 
- one bay, one  fo rm  o f  p o llu tio n . W hen 
it com es to a w ater body  the  size an d  
com plexity  o f the  G u lf o f M aine, which 
has ex p erien ced  lo n g te rm  ch ro n ic  and  
cum ulative stress from  h u m an  activi­
ties, such cost-benefit assessm ents are 
no teasily  com ple ted .

C o n c l u s io n
P u ttin g  a to tal p rice  on  the  value o f the 
G ulf is essentially  unfeasib le; by co n ­
ven tional analysis it w ould  probab ly  be 
m easured  in b illions o f dollars. But, in 
a n o th e r  sense, the  G u lf is literally  in ­
valuable. M ore than  a co llec tion  o f 
com m od ities an d  services, it is an 
ecosystem  with a life o f its own, 
in tegrally  co n n e c te d  to o u r quality  o f 
life.

T he econom ics o f the  G ulf are 
constan tly  ch an g in g . As we e n te r  the 
1990s, com m ercia l fish ing  is facing 
sh rin k in g  stocks an d  co m p etitio n  over 
access to w a te rfro n t facilities. Ship and  
b o at b u ild in g  an d  re p a ir  are  be ing  
th re a te n e d  by th e  h igh  p rice  o f 
w a te rfro n t p ro p erty . D em and  fo r new 
an d  co m p etin g  uses o f  th e  w aterfron t, 
such as fo r hom es an d  res tau ran ts, is 
g en e ra ted  by the  re g io n ’s relatively 
h igh  quality  o f life an d  is affecting  the 
trad itio na l balance  o f econom ic 
activity in the  G ulf reg ion  as well as its 
en v iron m en ta l quality . T h e  change  in 
land  use p a tte rn s  is m o re  in ten se  along  
the  G u lf s  so u th w este rn  sh o re  and  
has been  sp re a d in g  to the  east.

A lthough  uses o f the  G u lf an d  th e ir  
relative value a re  evolving, nearly  all 
d e p e n d  u p o n  e n v iro n m e n ta l in teg ­
rity as a necessary  p re re q u is ite  fo r 
viability. F ishing, in c lu d in g  the 
p ro m isin g  new aq u a c u ltu re  
industry , is m ost d e p e n d e n t  on  a 
p ristin e  en v iro n m en t. T h e  h igh 
quality  o f life in th e  reg io n , a h e ritage  
th a t is trea su red  by long-tim e in h a b i­
tan ts  an d  th a t also a ttrac ts  tou rists and  
new residen ts, is tied  to the  availability 
an d  ab u n d a n c e  o f  n a tu ra l resources. 
C han g in g  lan d  use p a tte rn s  th ro u g h ­
o u t the  reg ion  have u n c e rta in  eco ­
nom ic an d  en v iro n m en ta l im plica­
tions. Even th o u g h  m any uses are  
d e p e n d e n t on a h ea lthy  en v iro n m en t, 
all o f  the  uses d iscussed  above involve 
p o ten tia l o r  ce rta in  en v iron m en ta l 
risks. T hese  risks are  d iscussed in the 
nex t chap ter.

THE GULF OF MAINE 27





C H A P TER  TH R EE

Stresses on the G ulf

UMAN USE OF THE GULF 
o f  M aine an d  the  land  
th a t su rro u n d s  it pu ts 

stress on  th e  m a rin e  en v iro n m en t by 
a ltering  h ab ita t, in tro d u c in g  con tam i­
nants, an d  in f lu e n c in g p o p u la d o n  
dynam ics. Stress has escala ted  as use 
o f bo th  lan d  a n d  w ater has in tensi­
fied. T h e  stresses discussed in this 
ch a p te r in c lu d e  th e  physical a lte ra ­
tion o f coastal land ; “n o n p o in t 
so urces” o f  p o llu tio n , inc lu d ing  small, 
d isp ersed  so urces  a n d  all k inds o f 
runoff; “p o in t  so u rc e s” inc lu d ing  in ­
dustria l, sew age, a n d  o th e r  large 
volum e d ischarges; ocean  dum ping ; 
acc id en ta l spills; o ffshore  oil an d  gas 
ex p lo ra tio n ; an d  the  harvesting  o f 
m arine resources.

L and  use p a tte rn s  on the  shores o f 
the G u lf o f  M aine have b een  strongly 
in flu en ced  by eco n o m ic  forces and  
n a tu ra l re so u rce  cond itions. H isto ri­
cally, in d u strie s  w ere o rien ted  towards 
the n a tu ra l re so u rces  - fishing, agri­
cu ltu re , tim b e r, q u a rry in g -a n d  d e­
p e n d e d  on  coasta l w aters fo r tra n sp o r­
tation  an d  sh ip p ing . Rivers flowing 
in to  th e  G u lf p ro v id ed  pow er to ru n  
lum ber, g ra in , an d  tex tile  mills.
U rban  areas  w ere c o n cen tra ted  
a ro u n d  m a jo r p o rts  such as B oston, 
P o rtsm o u th , P o rtlan d , and  Saint 
Jo h n , w hile the  rem a in in g co as tlin e  
was in te rsp e rse d  by small fish ing  and  
farm ing  com m u n ities . T ran sp o rta ­
tion im p ro v em e n ts  in  the  1950s 
a lte red  th e  tra d itio n a l developm en t

p a tte rn s , as highways and  au tom obiles 
fac ilita ted  u rb an  expansion  and  
su b u rb an  sprawl a long  the  G u lfs  
southw est shore.

T h e  p o p u la tio n  o f  the  G u lf reg ion  
is g row ing  app rox im ate ly  twice as fast 
in th e  states as in the  provinces. 
G row th ra tes fo rl9 8 0 -1 9 8 6  vary from  
17% in R ock ingham  C ounty, New 
H am p sh ire  to a n e t p o p u la tio n  loss in 
C u m b erlan d  C ounty, N ovaScotia. In 
1986, p o p u la tio n  in the  re g io n ’s 
coastal coun ties  was approx im ately
95,000 in Nova Scotia, 134,000 in New 
Brunswick, 320,000 in M aine, 167,000 
in N ew H am psh ire , an d  3,877,000

m illion  in M assachusetts, fo r a G ulf­
w ide p o p u la tio n  o f 4,593,000.

R ecen t p o p u la tio n  an d  econom ic  
grow th  has d ram atica lly  ch an g ed  the  
types an d  in ten sitie s  o f  land  use in 
p a rts  o f  th e  G u lf reg ion . In  g en era l, 
th e  a m o u n t o f lan d  th a t has b een  
d ev e lo p ed  in the  past th irty  years is 
m u ch  g re a te r  a long  the  sou thw este rn  
p a rt o f  the  G u lf coast than  in the  
n o rth e a s t part. Typically, ag ricu ltu ra l 
lan d  has b een  lost while the 
a m o u n t o f  fo res ted  land  has 
re m a in e d  relatively stable an d  devel­
o p e d  land  has inc reased .
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Most rivers contribute significantly to the pollutant load of 
coastal waters; it is estim ated that the Merrim ack River's 

contribution of m etals to  M assachusetts Bay may be off the 
same m agnitude as the Boston Harbor sewage outfall.

One o f the numerous paper mills located on the rivers flowing into the Gulf In the last twenty years, sizable reductions have been made 
in levels of biological oxygen demand and suspended solids in mill discharges. Metals and organic compounds are also discharged by
paper and pulp mills.

Lead in Boothbay Harbor Attributed to Nonpoint Sources
B oothbay H arb o r, M aine was 
chosen  as a “c o n tro l s ite ” by the 
N ational M arine Fisheries Service in 
a survey o f  m eta ls in o rgan ism s an d  
sed im en ts o f A tlan tic coastal waters 
o f th e  U.S. in  1982. Surprisingly , 
lead  levels in B oothbay H a rb o r 
crabs ran k ed  seco n d  h ig h est of all 
the  study sites, w ith levels as h igh  as 
in o rgan ism s from  New York City 
an d  P h ilad e lp h ia . F u rth e r  study o f 
h isto ric  activity in th is sm all, re so rt 
tow n with a year ro u n d  p o p u la tio n  
o f 2,300 show ed th a t n e i th e r  the  
tow n’s sewage tre a tm e n t p lan t, n o r  
any in tensive industria l activity w ere 
the  source  o f  the  lead . Probably 
u rb a n  ru n o ff  w ashed the  lead  from  
au tom o b ile  exhausts an d  crankcase 
oil d rip p in g s  in to  th e  h a rb o r. In 
July an d  A ugust, over 5,000 cars p e r 
day pass th ro u g h  B oothbay I la rb o r. 
L ead-laden  p a in t ch ips an d  san d ­
b lasting  waste from  several 
boatyards may also have c o n tr ib ­
u te d  to  the  lead  load.
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Fish processing plants, like this one in Nova Scotia, 
are common along the G ulf coast. Effluents from  
these plants discharge substantial loadings o f oxygen 
demanding matter, suspended solids, oil and grease, 
fecal bacteria, and certain organic and inorganic 
compounds. Often, the problem o f odors and flies 
around these operations, especially fish  meal plants, 
receives more com munity response than the problem 
of effluent discharges, which are usually considered 
only to have localized impact on water quality.

e n t sources have fo u n d  h o m e  system s 
to be sign ifican t co n tr ib u to rs  o f  b ac te ­
ria  to certa in  areas. A ttem p ts  have 
b een  m ade to clean up  o r e lim in a te  
the  d ischarge  o f u n tre a te d  sewage 
from  hom es in all o f  the  G u lfju risd ic- 
tions, b u t p rob lem s persist. Illegal 
“s tra igh t p ip es” still exist th ro u g h o u t 
the  reg ion . In M aine, 3,000 re s id en tia l 
d ischarges have b een  p e rm itte d ; it is 
estim ated  th a t only o n e  h a lf  o f  them  
fu n c tio n  p roperly  at any given tim e 
an d  th a t nearly  all fail a t som e p o in t.

Many o f the  p o llu tio n  sources 
discussed thus fa r have b een  land- 
based , bu t th e re  are  also m any w ater- 
based sources. B oating  a n d  sh ip p in g  
activities co n tr ib u te  b ac te ria  and  
n u trien ts , oily wastes, deb ris, an d  lead , 
co p p er, an d  tribu ty l tin  from  b o tto m  
paints to the G u lf s  p o llu ta n t load. As 
rec rea tio n a l bo a tin g  activity in th e  
reg ion  has increased , the  o v erb o ard  
d ischarge  o f sewage in co n g es ted  
h arb o rs  an d  p o p u la r cru ising  a n c h o r­
ages has becom e a c o n c e rn , especially  
in areas with com m ercia l shellfish  
beds.

Oily bilge w ater is o ften  d isch arg e d  
from  vessels delivering  oil a n d  o th e r  
cargo  to an d  from  the  re g io n ’s po rts . 
A lthough  U.S. an d  C anad ian  law an d  
an in te rn a tio n a l treaty  now re s tr ic t the  
am o u n t o f  p e tro le u m  th a t can  be 
d ischarged  with bilge w ater, lack o f 
en fo rcem en t m akes it likely th a t som e 
p e tro leu m  still reaches G u lf w aters 
from  this source.

waters. A n a tionw ide survey o f  pesti­
cide use in the  e s tu a rin e  d ra in ag e  
areas o f the  U.S. fo u n d  th a t lands 
d ra in in g  in to  New E ng land  estuaries 
have low pestic ide  use, less than  200 
p o un d s  ap p lied  p e r  sq uare  m ile p e r  
year, as co m p ared  to C hesapeake  Bay, 
w here 1,500 p o u n d s  are  ap p lied  p e r 
square m ile p e r year. H ow ever, like 
o th e r n o n p o in t sources, ag ricu ltu ra l 
an d  forestry  ru n o ff  has n o t been  well 
q u an tified  in the  reg io n , bu t it may be 
im p o rtan t given the  large a rea  o f fo rest 
an d  ag ricu ltu ra l land  th a t d ra in s  in to  
the  G ulf o f M aine.

In ad d itio n  to ru n o ff  th a t carries 
residues from  the  ap p lica tio n  o f 
pesticides, acc iden ta l spills an d  leaks, 
as well as im p ro p e r s to rage , h a n d lin g  
an d  disposal also co n tr ib u te  pestic ides 
to the  w atersheds o f the  Gulf.

Failing an d  in ad eq u a te  residen tia l 
septic systems in tro d u ce  n itro g en , 
ph osp h o ro us, ch lo rine , viruses, an d  
b ac te ria  in to  coastal w aters. A lthough  
th e re  are  m any o th e r  sources o f 
bacteria , inc lu d ing  m un icipa l sewage 
systems, com bined  sewer overflows, 
runoff, wildlife, and  boats, assessm ents 
o f  the  relative co n tr ib u tio n s  o f  d iffer-
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Most sewage treatm ent plants 
are designed primarily to treat the 

oxygen-demanding organic load 
and bacterial and viral pollutants 
in domestic w astew ater; they are 
not designed to handle com plex 

industrial effluents.

Over 90 combined sewer overflows (CSOs) contribute significant volumes of raw sewage to Boston Harbor.

T h e ab u n d a n c e  o f beach - an d  b o a t­
g en e ra ted  deb ris  flo a tin g  in the  G ulf 
an d  w ashing up  on  sh o re  is a g row ing 
co n cern  because it is unsigh tly , poses a 
d an g e r to w ildlife, an d  can be a hazard  
to m ariners. T h e  m a g n itu d e  o f this 
p ro b lem  was m ade  ev id e n t in 1988 
w hen v o lun teers  co llec ted  an average 
o f 233 p o u n d s  o f trash  p e r  m ile (66 
k g /k m ) from  th e  sh o re lin es  o f M aine 
an d  M assachusetts. O ver 40% o f the  
trash  was p lastic, w hich d eg rad es  very 
slowly. E fforts are  b e in g  m ade  in 
C anada an d  the  U.S., as well as by 
in te rn a tio n a l treaty, to  reg u la te  the  
d u m p ing  o f sh ip -g en era ted  garbage 
at sea.

R unoff from  boatyards an d  m arinas, 
and  leachate  from  c reo so ted  p ilings 
an d  b o a t hu ll p a in t, c o n tr ib u te  
hydrocarbons, lead , co p p e r, and  
tributyl tin  to th e  m a rin e  en v iron m en t. 
H ull pa in ts  co n ta in in g  tribu ty l tin  are  
reg u la ted , b u t n o t yet e lim in a te d  in 
the  G ulf reg ion . T h ese  p a in ts  are 
designed  to re ta rd  th e  grow th o f 
organ ism s th a t fou l b o a t bo tto m s, b u t 
they can affect n o n -ta rg e t o rgan ism s as 
well.

Industrial discharges
W hile p u lp  an d  p a p e r  m ills an d  fish 
p rocessing  p lan ts  are  th e  p rim ary  
industria l d isch argers  to th e  G ulf from  
C anada, th e re  are  a g re a te r  variety o f 
industria l o p era tio n s  d ischarg ing  in to  
the  U.S. w aters o f the  Gulf. T hese 
inc lude tan ne rie s, tex tile  mills, m etal
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The risk of oil spills from tankers and barges increases when vessels are in port and during transfer operations.

fabricating  an d  fin ish ing  opera tions, 
an d  chem ical, p lastics, ru b b e r, elec­
tronics, an d  e q u ip m e n t m anu fac tu rin g  
p lants. M any in d u stria l p lan ts  have 
c leaned  up  th e ir  waste stream s d u rin g  
the  last tw enty years, in resp o n se  to 
public p ressu re  an d  g o v e rn m en t reg u ­
lation, b u t they still d ischarge , legally, 
a wide array  o f m etals, p e tro leu m  
hydrocarbons, an d  o th e r  toxic co n ­
tam inan ts. T h e re  are  an  estim ated  
several h u n d re d  ind u strie s  th a t pu m p  
waste d irec tly  in to  th e  coastal w aters o f 
the  Gulf, b u t the  vast m ajority  o f 
industria l e fflu en t in the  U.S. flows 
in to  m unicipa l sewage tre a tm e n t 
systems. A pprox im ately  6,000 indus­
tries in th e  g re a te r  Boston a rea  send 
the irw astes  to the  sewage tre a tm e n t fa­
cilities a t D eer an d  N u t Islands in 
Boston H arb o r. It is e s tim ated  tha t 
each day over a ton  o f  toxics is dis­
charged  in to  B oston H a rb o r  from  
these two facilities a lo ne . M ost sewage 
trea tm en t p lan ts  are  d es ig n ed  p rim ar­
ily to tre a t the  o xygen -dem and ing  
organ ic  load  an d  b ac teria l an d  viral 
p o llu tan ts  in dom estic  w astewater; they 
are  no t d es ig n ed  to h a n d le  com plex  
industria l effluents.

Pulp an d  p a p e r  mills a re  on e  o f  the 
prim ary k inds o f  in d u stria l o p era tio n s 
d ischarg ing  effluen t in to  G u lf waters. 
H istorically, p u lp  an d  p a p e r  mill 
e ffluen t has b een  ch a rac te r ize d  by 
h igh b io log ical oxygen d em a n d  
(BOD) levels, w hich d ep le tes  dissolved 
oxygen in w ater, an d  h igh  levels o f

su sp en d ed  solids (SS) th a t settle o u t to 
form  sludge beds an d  d is ru p t b en th ic  
hab ita t. In the  last tw enty years, sizable 
red u c tio n s  have b een  m ade in levels o f 
these “c o n v en tio n a l” p o llu tan ts  in mill 
d ischarges. For ex am ple , betw een 
1972 and  1982, p o in t source p o llu tion  
on the S a in t jo h n  River, w here the re  
are  five mills, was re d u c e d  by 88% in 
term s o f BOD load in g , an d  by 82% in 
term s o f SS d ischarged .

In a d d itio n  to  BOD an d  SS, ch ro ­
m ium , co p p e r, lead , m ercury , an d  zinc 
are  typically fo u n d  in e fflu en t from  
p u lp  an d  p a p e r  m ills. C o ncern  has 
been  exp ressed  in the  last d ecade  that 
the  use o f c h lo rin e  in p id p  b leach ing  
has resu lted  in d isch arge  o f as m any as
9,000 ch lo rin a ted  o rgan ic  com pounds; 
som e, such as d iox in  an d  fu ran , are 
am ong  the  m ost toxic co m p o u n d s  
known.

S ewage treatment 
Like co n tro l o f industria l discharges, 
sewage tre a tm e n t has b een  im proved 
an d  ex p a n d e d  in re c e n t decades. In 
New E ngland , m ost m un ic ipa l sewage 
receives p rim ary  tre a tm e n t, and  m uch 
secondary . In the  prov inces, m any 
small co m m u n ities  have sewage 
trea tm en t systems, while m any larger 
cities, in c lu d in g S a in tJo h n , have 
co llection  systems th a t p rov ide  little or 
no  trea tm en t. In  1985, app rox im ate ly  
55% o f the  p o p u la tio n  o f the  A tlantic 
p rovinces was served by sewers, bu t 
only 20% o f  the  w astew ater was

trea ted ; wastes g e n e ra te d  by a b o u t
788,000 p eo p le  w ere d ischarged  
w ithout trea tm en t.

A lth o u g h  th e  m ajority  o f the  
p o p u la tio n  o f th e  G u lf is serviced by 
sewer systems, th e  vo lum e o f sewage 
received  by m any tre a tm e n t p lan ts  is in 
excess o f th e ir  d es ig n ed  capacity.
Som e p lan ts, especially  th e  facilities in 
the  B oston area , a re  a n tiq u a te d  an d  
c an n o t p ro p erly  h a n d le  the  d em and s 
p laced  on  the  system . In B oston an d  
Salem , M assachusetts sewage trea tm en t 
p lan ts  sep ara te  o u t sludge, b u t then  
d ischarge  it in to  the  ocean  at h igh  
tide, an ineffective p rocess at best.

In m any areas, s to rm  d ra in s  are  
co n n ec ted  to san itary  sewers, causing  
sewage tre a tm e n t systems to becom e 
overloaded  a fte r ra in sto rm s. T his 
resu lts in raw sewage b e in g  d isch arged  
in to  the  G u lf th ro u g h  sto rm  d ra in s  
know n as “co m b in ed  sew er overflow s” 
(C SO s). CSOs in B oston an d  P o rt­
land , as well as a lm ost every sm aller 
sewage distric t, d ischarge  large 
am ou n ts  o f n u tr ie n ts  an d  b ac te ria  
from  san itary  wastes, m eta ls an d  toxics 
from  ind u stria l waste, an d  m etals, oil, 
an d  o th e r  h y d rocarb o ns  from  stree t 
runoff.

M ost sewage tre a tm e n t p lants 
d isin fect th e ir  e fflu en tw ith  ch lo rin e , 
b u t the  d ischarge  o f  c h lo rin e  is a 
grow ing co n c e rn  b ecause  o f  its 
p o ten tia l toxic effects on  m arin e  
organism s.
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Numerous environmental safeguards were required during exploratory drilling by the 
Alaskan Star and other vessels on Georges Bank in 1981 and 1982.

Pollution in Rural Annapolis Valley
A long  th e  C anad ian  sh o re  o f the  
G ulf, n o n p o in t  source p o llu tio n  is 
g en era lly  less o f  a co n cern  because  
la n d  is n o t b e in g  developed  as 
rap id ly  as in the  New E ngland  states. 
H ow ever, p o llu tio n  p ro b lem s in the 
A n n ap o lis  Valley estuary  in Nova 
S cotia  d e m o n s tra te  th a t in ru ra l 
a reas  m any sm aller p o llu tion  
so u rces  can have a cum ulative 
im p ac t, particu larly  on  an enc lo sed  
bay. D ischarges from  poorly  fu n c­
tio n in g  sewage trea tm en t p lan ts  an d  
ru n o ff  from  ag ricu ltu ra l activities, 
in c lu d in g  n u m ero u s  livestock 
o p e ra tio n s , are  co n tr ib u tin g  to

bacterial co n ta m in a tio n  an d  n u tr ie n t 
an d  pestic ide  load ings in the  estuary. 
P rob lem s associa ted  with pesticides 
an d  g ro u n d w ate r co n tam in a tio n  are 
also b e in g  ex am in ed  a t se lec ted  sites 
in th e  Valley. T h e  p resen ce  o f co n ­
tam in an ts  th ro u g h o u t the  Valley has 
re s tr ic te d  the  use o f  its w aters fo r 
fishing, sw im m ing, an d  d rink ing .

In  1989 the  A nnapolisV alley  
A ffiliated B oards o f T rad e  d ec id ed  to 
u n d e rta k e  a cooperative  ven tu re  
involving b o th  those  in terests  causing 
an d  affected  by co n tam in a tio n  and  
d ire c te d  at reso lu tio n  o f som e o f the  
p o llu tion  p rob lem s.

P ower plants
T h e re  a re  n u m ero u s  coal, oil, and  
n u c le a r  pow er p lan ts , as well as one  
tidal pow er facility, a long  the  G u lf o f 
M aine coast. T hese facilities are  n o t 
m a jo r co n tr ib u to rs  o f p o llu ta n ts  to  the  
m a rin e  en v iro n m en t, bu t coo ling  
w aters, u sed  in all b u t the  tidal pow er 
facility, cause the rm al p o llu tio n  an d  
resu ltin g  localized  im pacts. C ooling  
w aters can  con ta in  elevated  levels o f 
m eta ls, co n tr ib u tin g  to the  to tal 
c o n ta m in a n t load  in the  Gulf. T h e  
p o llu ta n ts  c o n ta in ed  in a ir em issions 
from  these  facilities may u ltim ately  
re a c h  th e  w aters o f the  G u lf o f M aine. 
PAHs from  th e  b u rn in g  o f coal an d  oil 
reac h  th e  G u lf th ro u g h  p rec ip ita tio n  
an d  ru n o ff. S u lp h u r d iox ide  em issions 
a re  a lead in g  cause o f acid rain .

T h e  stresses caused  by the  tidal 
pow er facility a t A nnapolis, Nova 
S cotia do  n o t resu lt from  any dis­
ch arg e , b u t from  the  a lte ra tio n  o f  tidal 
c u rren ts . L arg er tidal pow er p ro jec ts  
p ro p o se d  fo r th e  u p p e r  Bay o f Fundy 
co u ld  significantly  increase tidal ran g e  
th ro u g h o u t m uch  o f the  Gulf. R esu lt­
ing  changes in cu rren ts , te m p e ra tu re , 
a n d  u p la n d  flo od in g  w ould have a 
sig n ifican t e ffec t on  the  G ulf ecosys­
tem .

O cean disposal
O cean  d isposal o f wastes are  re g u la te d  
in  C a n a d a  a n d  the  U.S. an d  by in te rn a ­
tional conv en tio n . At p re sen t, th e  vast 
m ajo rity  o f  o cean  disposal in th e  G u lf
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More U.S. and Canadian fishermen than ever are plying the G ulfs waters in search 
of fish. These boats are tied up in a Nova Scotia harbor.

reg ion  is o f d re d g e d  m aterials. D redg ­
ing is u n d e r ta k e n  to im prove and  
m ain ta in  nav igation  channels and  
m o o rin g a re a s fo rc o m m e rc ia l and  
rec rea tio n a l boats. A large m a in te ­
nance d re d g in g  p ro jec t in P o rtlan d  
H arb o r d ep o sited  nearly  1.1 m illion 
cubic yards (840,000 cubic m eters) o f 
d redge  spoils in the  G ulf in 1980, a 
substan tia l a m o u n t o f the to tal 2.3 
m illion cub ic  yards (1.75 cubic m eters) 
d red g ed  by th e  U.S. Army C orps o f 
E n g in eers  in M aine betw een  1950 and  
1981. T h e re  are  fo u r m ajo r disposal 
sites in th e  New E ng land  reg ion  o f the  
Gulf. D isposal p e rm its  fo r small p ro j­
ects have b een  g ra n te d  fo r o th e r  areas 
on  a one-tim e-only  basis.

C anad ian  d re d g in g  pro jects  in the 
G ulf reg io n  average less than  26,000 
cubic yards (20,000 cubic m e te rs ) , and  
m a in ten an ce  p ro jects  occur less 
freq u en tly  th a n  in New E ngland , du e  
to d iffe ren t o cean o g rap h ic  and  
sed im en ta tio n  characteristics. Saint 
Jo h n  H a rb o u r  is th e  only a rea  tha t 
requ ires a n n u a l m a in ten an ce  d red g in g  
(averaging 500,000 cubic m eters p e r 
year) d u e  to  s ilta tion  from  the  Saint 
Jo h n  River. D isposal sites are  n o t used 
fo r m ore  th a n  o n e  year at a tim e, 
resu lting  in a large  n u m b e r o f small 
disposal areas scatte red  th ro u g h o u t 
C anadian  w aters. S tudies co n d uc ted  
on m ate ria l d re d g e d  from  Saint John 
H arb o u r have ind ica ted  m inim al 
contam ination .

B oth  d re d g in g  an d  d u m p in g  o f  the  
spoils can  p u t stress on the  m arine  
ecosystem . P o llu tion  can be sp read  by 
m oving sed im ents co n tam in a ted  with 
PAHs, PCBs, an d  m etals from  h a rb o rs  
an d  bays to clean , o p en  o cean  areas. 
P o llu tan ts  sequestered  in bo ttom  
sed im en ts  can be re leased  from  the 
sed im en ts  w hen they are  d is tu rb ed  o r 
exposed  by d red g in g  activity. B o ttom ­
dw elling  com m unities are  tem porarily , 
an d  som etim es perm anen tly , destroyed  
b o th  in the  a rea  tha t is be ing  d red g ed  
an d  in the  a rea  w here the  d re d g e d  
m ate ria l is d isposed. D redg ing  can 
also cause inc reased  ero sion  o f coastal 
land  because  it d isrup ts n a tu ra l 
sed im en tary  processes.

O il spills
M ore oil en te rs  the m arine  en v iro n ­
m e n t than  any o th e r  toxic co n ta m i­
n a n t. M arine  tran sp o rta tio n  is 
resp o n sib le  for 46% o f the  w orldw ide 
in p u t o f  oil in to  the  oceans. O nly 29% 
o f  this in p u t is from  acc iden ta l spills; 
th e  m ajority  o f  the  in p u t is from  the 
ch ro n ic  d ischarge  o f oil from  vessel 
an d  p o rt o p era tio n s. However, acci­
d e n ta l oil spills are a lon g stan d in g  
p ub lic  co n cern  because o f th e ir  
ca tas tro ph ic  im pact on the  m arin e  e n ­
v ironm ent.

A n u m b e r o f oil spills have o ccu rred  
in the  last th ree  decades in the  G ulf 
reg ion . In ad d itio n  to the  huge spill o f 
7.6 m illion  gallons (28.9 m illion  liters) 
from  th e  Argo Merchant o f f  C ape Cod

in 1976, in the past tw enty years several 
large spills ran g ing  from  200,000 to 
well over 600,000 gallons (0.8 to 2.3 
m illion  liters) have o c c u rre d  in New 
H am p sh ire  an d  M aine - p articu larly  in 
P o rtsm o u th  and  P o rtlan d  H arbors. 
S a in t jo h n  e x p e rien ced  a m ajo r spill in 
th e  early  1970s, p ro m p tin g  an a g ree ­
m e n t betw een  th e  U.S. an d  C anad ian  
C oast G uards to co o p e ra te  in oil spill 
c lean u p s  in the  G u lf reg ion .

T h e  two fed era l go vern m en ts  have 
reco g n ized  th a t m any oil an d  chem ica l 
spills can be p rev en ted  th ro u g h  
tra in in g , vessel inspections, co n stru c ­
tion  an d  e q u ip m e n t s tand ards, an d  
traffic reg u la tio n s an d  g u ide lines  tha t 
p rev en t collisions an d  g round ings. 
R egu la tions are  also in p lace to red u ce  
o p e ra tio n a l d ischarges o f oil. How­
ever, the  ex p e rien ce  from  re c e n t spills, 
th e Exxon Valdez in Alaska in p a rticu la r, 
has show n tha t, desp ite  efforts to 
m in im ize  the  risk o f an acc id en t, such 
risk c a n n o t be com pletely  e lim ina ted .

E nergy and mineral exploration
T h e re  is no  o n g o in g  ex p lo ra tio n  fo r 
en erg y  o r m in era l reso u rces  in the  
G idf, a lth o u g h  it has o ccu rred  in the  
past an d  will m ost likely o ccu r again  in 
the  fu tu re . T he p o ten tia l im pacts o f 
o ffshore  oil and  gas ex p lo ra tio n  
inc lude: loss o f access by fishe rm en  to 
th e  seabed  an d  w aters a ro u n d  a 
d rillin g  o p e ra tio n ; d am age to fishing 
g ea r from  d eb ris je ttiso n e d  overboard  
fro m  a d rilling  rig  o r supply vessel; an d
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Harvesting effort by U.S. and 
Canadian fishermen in the Gulf of 

Maine has doubled since 1977.

Some of the region's fish  stocks are at record low levels.

Possible effects of aquaculture operations relate to the deposition of fecal matter and 
waste food beneath the pens; the depletion of dissoved oxygen levels; nutrient 
eniichment; and the introduction o f antibiotics and hormones into the water column. 
Careful selection of pen sites reduces the potential for stress.

adverse effects on  th e  m a rin e  en v iron ­
m e n t from  ro u tin e  d ischarges o r oil 
spills. O il an d  gas d ev e lo p m en t an d  
p ro d u c tio n  activities resu lt in ch ron ic  
d ischarges o f  p e tro le u m  h ydrocarbons 
th ro u g h o u t the  life o f the  field. T he 
p o ten tia l fo r these  activities to have an  
im pact has b e e n  re d u c e d  by govern ­
m e n t reg u la tio n  an d  industry  c o o p e ra ­
tion  in b o th  C a n a d a  a n d  the  U.S.

T he p o ten tia l en v iron m en ta l 
im pacts o f o ffsh ore  sand  an d  gravel 
m in ing  in th e  reg io n  has n o t been  
stud ied  extensively. In itia l env iron ­
m en ta l c o n ce rn s  focus o n  the  d is ru p ­
tion  o f b e n th ic  h a b ita t by d red g in g  
o p e ra tio n s  an d  the  effects on  m arin e  
organism s o f su sp en d ed  m a tte r  settling  
on  the  seafloor.

H arvesting of fishery resources
Intensive levels o f fish harvesting  effo rt 
have taxed  th e  ability  o f com m ercia l 
stocks in the  G u lf to  sustain  th e m ­
selves. In  th e  1960s an d  1970s intensive 
fish ing  in the  G u lf by fleets from  o th e r  
co u n tries  d e p le te d  stocks. T he 
cu tback  on  fo re ig n  fish ing  in the  
reg io n  in 1977 p ro v id ed  the  stocks 
with only tem p o ra ry  relief. H arvesting  
effo rt by U.S. an d  C an ad ian  fishe rm en  
in the  G u lf o f M aine has d o u b led  since 
1977. For ex am ple , th e  n u m b e r o f 
New E ngland-based  o tte r  trawlers, 
d o u b led  betw een  1 9 76 an d  1984. For 
m any species o f  fish, stocks in the  G ulf 
and  on  G eorges B ank are  now  at 
reco rd  low levels.



Extensive effo rts are  b e ing  m ade  in 
the G u lf reg io n , som e o f them  c o o p ­
eratively a m o n g  the  U.S. an d  C anad ian  
go vern m en ts  an d  fishe rm en , to 
im prove fish harvesting  tech n o lo g y  so 
tha t it selectively harvests the  species 
an d  size o f  an im al d esired  w ithou t 
dam aging  y o un g er fish, o th e r  species, 
an d  b o tto m  h ab ita t, a lo n g stan d in g  
co n cern . F o r exam ple , lob ste r traps 
now have escape vents th a t allow  the  
release o f u n d e rs ize d  lobsters. S h rim p  
fishe rm en  from  New E n g lan d  have 
beg u n  use o f  a special se p a ra to r trawl 
n e t in th e  sp rin g  to m in im ize the  
n u m b e r o fjuv en ile  fish, especially  
flo u n d e r, th a t are  cau g h t an d  the reb y  
killed. O n g o in g  U .S ./C a n a d a  c o o p ­
erative resea rch  to im prove the  
selectivity o f  g ea r used  to catch  
g roundfish  involves e x p e rim en tin g  
with d if fe re n t n e t m esh sizes, shapes, 
and  colors.

R elative to o th e r  parts  o f th e  w orld, 
the killing , in ju rin g , o r en ta n g lin g  o f 
m arine  m am m als, b irds, an d  tu r tle s  in 
fishing g ea r occurs in freq u en tly  in the  
Gulf. H ow ever, the  U.S. g o v e rn m en t 
has im posed  new re p o rtin g  re q u ire ­
m ents o n  th e  g ro u n d fish  an d  m ackere l 
fisheries in the  G u lf o f  M aine because  
th e ir  in c id en ta l take o f m arin e  
m am m als m ay be h igh  e n o u g h  to be o f 
concern.

A q u acu ltu re  is a relatively new 
activity in the  G ulf o f M aine, an d  any 
stress it m ig h t p u t on  the  w aters an d  
o th e r  uses o f  the  G u lf are  n o t yet well

Th e  Maine Geological Survey estim ates 
that mean sea level will rise by 1.6 to 
2.4 feet (48 to 72 centim eters) in Port­

land, and 2.3 to 4.8 feet (69 to 144 
centim eters) at Eastport, Maine in Pas- 
samaquoddy Bay over the next century.

u
Important wetland functions are being disrupted by small-scale, incremental coastal development.

d o cu m en ted . Possible effects re la te  to: 
the  d ep o sitio n  o f  fecal m a tte r  an d  
waste food  b e n e a th  the  pens; the  
d ep le tio n  o f dissolved oxygen levels; 
n u tr ie n t en rich m en t; the  in tro d u c tio n  
o f an tib io tics an d  h o rm o n es  in to  the  
w ater co lum n; th e  in tro d u c tio n  o f non- 
ind ig en o us fish; an d  the  sp read  o f viral 
an d  bacterial diseases from  h a tch eries  
to coastal w aters. C arefu l se lec tion  o f 
pen  sites in areas w here th e re  is 
ad eq u ate  c ircu la tio n  an d  flush ing , an d  
avoidance o f shallow, co n stric ted  
em baym ents may red u ce  these  p o te n ­
tial problem s.

S ea level rise
Scientists p re d ic tra p id  an d  u n p re c e ­
d e n te d  changes in the  e a r th ’s clim ate 
du e  to p o llu tio n -ind u ced  ch an g es in 
the  com position  o f a tm o sp h eric  gases. 
Average tem p era tu re s  are  p re d ic te d  to 
rise by 0.5 d eg rees  F. (0.3 d eg rees  C.) 
p e r  decade, 10 to 50 tim es faste r than  
any th ing  in re c o rd e d  history. T h e  
“g reen h o u se  e ffec t” has m a jo r im plica­
tions for the  G ulf o f M aine. G lobal 
w arm ingw ill cause seaw a te r to ex p a n d  
an d  thus sea level will rise. T h e  M aine 
G eological Survey estim ates th a t m ean  
sea level will rise by 1.6 to 2.4 fee t (48

to 72 cen tim ete rs) in P o rtla n d , a n d  2.3 
to 4.8 fee t (69 to 144 ce n tim e te rs )  at 
E astport, M aine in P assam aquoddy  Bay 
over the  n ex t cen tu ry . W arm er te m ­
p e ra tu re s  cou ld  affect th e  G u lf o f 
M aine fisheries by m ak in g  th e  G u lf a 
less su itab le  h ab ita t fo r co ld  w ater 
species.

C onclusion
D espite successful efforts d u r in g  the  
last two decades to m in im ize  som e o f 
the  m ajor stresses on  th e  G ulf, m any  
sm aller, d ispersed  activities a re  hav ing  a 
cum ulative im pact on  th e  ecosystem . 
Sewage an d  industria l t re a tm e n t have 
b een  widely insta lled  o r u p g ra d e d , b u t 
co n tam in an ts  reac h in g  th e  G u lf 
from  n o n p o in t sources a re  largely  
u nchecked ; large scale d ev e lo p m e n t o f 
w etlands an d  beaches has b e e n  lim ited  
by reg u la tio n , b u t im p o rta n t w etland  
fun ctio n s are  b e ing  d is ru p te d  by sm all- 
scale, inc rem en ta l coastal d ev elop m en t; 
m ost fo re ign  fish p ro cessin g  sh ip s  have 
been  ex c lu ded  from  G u lf w aters, b u t 
effo rt by U.S. an d  C anad ian  fish e rm e n  
has d o u b led  d u rin g  the  last te n  years. 
T he challenge o f  the  1990s is to  ad d ress  
these sources o f stress, as well as to 
c o n tin u e  to e lim ina te  p o in t sources.

THE GULF OF MAINE 39



Ne
w 

Ha
mp

sh
ire

 O
ffi

ce
 of

 St
ate

The tidal power plant that currently operates on the Annapolis River in 
Nova Scotia has affected local current patterns, caused upstream riverbank 
erosion, killed fish passing through the turbines, altered the natural 
deposition of sediments, and influenced the soft shell clam fishery in the 
Annapolis Basin.

Loss o f Eel Grass Beds 
Affects Productivity 

in Great Bay
T h e  loss o f eel grass beds in New 
H a m p sh ire ’s G reat Bay has been  
lin k ed  to p o llu tio n  from  th e  su r­
ro u n d in g  areas, an d  from  a n a tu ra l 
w asting  disease. W ithout the  eel 
grass to  trap  soil p artic les an d  
a n c h o r  th e  es tua rin e  substra te , m any 
acres o f  shellfish  beds have b een  
b u rie d  by sh ifting  sed im en ts. T h e

p o p u la tio n s  o f  sm all fish an d  o th e r  
o rgan ism s th a t fo rm  th e  b o tto m  o f 
the  aquatic  food  cha in  have d ec lined , 
resu ltin g  in a less d iverse and  
p roduc tive  e s tu a rin e  ecosystem . T he 
an n u a l eco n o m ic  b en efit o f  healthy  
eel grass beds has b een  estim ated  at 
$71 m illion  (U .S.).

w ith sed im en ts, how ever, such  d a ta  do  
n o t p rov ide  in fo rm a tio n  on th e  im pact 
o f con tam inan ts.

M ussels from  th re e  B oston  H a rb o r  
sta tions w ere am ong  the  m ost co n ta m i­
n a te d , in term s o f PAHs, in a n a tio n ­
wide “m ussel w atch” p ro g ram .

In 1984, Casco Bay re c o rd e d  the  
h ig h es t levels o f lead , the  th ird  h ig h es t 
levels o f silver, an d  the  fifth  h ig h es t 
level o f zinc in fish livers in a survey o f 
co n ta m in an ts  in U n ited  States fish. 
E levated m eta l co n cen tra tio n sw ere  
d e te c te d  in m ussels from  P en o b sco t 
Bay in the  la te  1970s, an d  again  in th e  
late 1980s.

E vidence o f  m etals in fish tissues 
can be m islead ing . Scallops co llec ted  
from  Browns Bank, w here sed im en ts  
revealed  n o  co n ta m in a tio n , h ad  h ig h e r  
levels o f cadm ium  in th e ir  tissues th a n  
scallops from  a highly im p ac ted  site. 
T his p h e n o m e n o n  may be e x p la in e d  
by d iffering  n u tritio n a l cond itions, 
ra th e r  than  a n th ro p o g e n ic  sources o f 
the  m etal.

In  1984, years a fte r a n e a r  to ta l ban  
o n  the  use o f DDT in N o rth  A m erica, 
livers o f fish sam pled  in B oston an d  
Salem  H arb o rs  co n ta in ed  sign ifican t 
c o n cen tra tio n s  o f DDE, th e  p rim ary  
fo rm  o f DDT in e n v iro n m en ta l 
sam ples. B oston H a rb o r  sam ples 
co n ta in e d  nearly  twice the  level o f 
p estic ides fo u n d  in any o th e r  site in 
the  U n ited  States.

PCBs, also b a n n e d  in N o rth  A m er­
ica, are  fo u n d  in tissues at co n cen tra -
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Since use of the pesticide DD I was banned in the 1970 s, the osprey population o f the G ulf has increased. Bald eagles are also re-establishing themselves, especially in 
the Passamaquoddy Bay area.

tions g re a te r  th a n  tho se  o f  ch lo rin a ted  
pestic ides by an o rd e r  o f m a g n itu d e  o r 
m ore. D eclines in  th e  levels o f PCB in 
the eggs o f  seab ird s  have b een  ev iden t 
since 1972. T h is sam e d ecreasin g  tre n d  
was n o te d  even n e a r  h igh ly  co n tam i­
n a ted  sites in M assachusetts. T he 
reverse tre n d  was o b served  in m ussel 
tissues from  P e n o b sco t Bay. Levels of 
PCBs in m ussels tak en  from  Sears Island 
in 1986 w ere m o re  th a n  twice the  level 
o f those taken  at th e  sam e site ten  years 
earlier. E levated  c o n c e n tra tio n s  o f 
PCBs have b een  m e a su re d  in lobster 
and  f lo u n d e r  from  Q u incy  Bay, in 
Massachusetts.

C h lo rina ted  d io x in s  are  relatively 
insoluble an d  co llec t in fatty tissue. 
Elevated levels o f c h lo r in a te d  dioxins 
have b een  d e te c te d  in  fish from  the  A n­
droscoggin  River a n d  in h e rr in g  gull 
eggs from  th e  Bay o f  Fundy.

DDT, D ie ld rin , a n d  o th e r  pesticides 
have been  d e te c te d  in the  eggs o f 
seabirds from  C a n a d ian  n estin g  colo­
nies. Since these  b ird s  feed  over wide 
ranges o f the  G u lf a n d  a re  n e a r  the  top  
o f the food cha in , p estic id e  levels in 
the ir tissues m ost likely rep re sen  t G ulf­
wide tren d s  ra th e r  th a n  local cond itions 
in the vicinity o f th e  co lon ies.

E xcess nutrients
N u trien ts  a re  vital fo r p la n t grow th; the 
availability o f n itro g en  a n d /o r  p h o sp h o ­
rus is o ften  a lim iting  fac to r in the 
p ro d u c tio n  o f  p la n t m a tte r  in the 
ocean . H ow ever, excess n u trie n ts  can 
lead  to d is ru p tio n  o f the  p lank to n  
com m unity  an d  w ater quality  p rob lem s 
w hen algal “b lo o m s” clog w aters and  
resu lt in oxygen d ep le tio n . T he  G ulf o f 
M aine is well flu shed  an d  has, to date , 
ex p e rien ced  few p ro b lem s with excess 
n u trien ts , o r eu tro p h ic a tio n . As coastal 
p o p u la tio n s  grow  an d  ever g rea te r  
am ou n ts  o f n u trie n t-ric h  sewage are  dis­
ch arg ed  to m a rin e  w aters, the  risk o f 
w ater quality  p ro b lem s grows, p a rtic u ­
larly in em baym ents w here flush ing  an d  
cu rren ts  are  res tric ted . E u troph ica tion  
may play a ro le  in the  in c id en ce  o f toxic 
“tid es ,” in c lu d in g  red  tide, w hich resu lt 
in the  c losu re  o f th o u san d s  o f acres o f 
clam  flats each  sum m er.

In 1988, a b loom  o f  a toxic m arine  
alga, Gymnodiniumnagasakiense, in the 
u p p e r  reaches o f Casco Bay caused a 
m ajo r d ie-off o f  lobsters, clam s, worms, 
an d  o th e r  b e n th ic  o rgan ism s. W hile 
n u tr ie n t  ru n o ff  has b een  b lam ed  fo r the 
b loom , few d a ta  exist to substan tia te  the  
claim.

Fish cu ltu re  may c o n tr ib u te  to 
e u tro p h ic a tio n . Poorly  sited  farm s 
have re su lted  in th e  sm o th e rin g  o f 
bo ttom  dw elling o rgan ism s by settling  
o rgan ic  m a tte r, re d u c e d  dissolved 
oxygen levels, an d  n u tr ie n t  e n ric h ­
m ent.

H abitat loss and impairment 
W etlands can p ro d u c e  m ore  o rgan ic  
m a tte r th a n  th e y c o n su m e ; theysupp ly  
vital n u trie n ts  to  ad ja c e n t coastal 
waters. O th e rw e tla n d  fu n c tio n s  w hich 
can be lost to filling  o r d red g in g  
inc lude filte rin g  o f p o llu tan ts , flood 
storage, an d  sh o re lin e  p ro te c tio n . 
W etland  loss also affects the  wide 
variety o f w ildlife th a t d e p e n d s  up on  
salt m arshes, b each es, an d  o th e r  
w etlands fo r vital n es tin g  an d  feed in g  
h ab ita t. G u lf p o p u la tio n s  o f  least 
terns, p ip in g  p lovers, a n d  o th e r  b irds 
are  th re a te n e d  by e n c ro ach in g  
dev elop m en t. O n ly  300 pairs  o f p ip in g  
p lovers rem ain  in the  G u lf o f  M aine; 
alm ost h a lf o f  th e  w orldw ide p o p u la ­
tion.

A re c e n t study o f  the  r ig h t whale 
re p o rte d  th a t 35%  o f  r ig h t w hale 
d ea th s  resu lted  fro m  collisions with 
vessels and  e n ta n g le m e n t w ith fishing 
gear. A lth o u g h  m a rin e  m am m als are
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W hile overharvesting may be the 
greatest factor in the decline of 
fish stocks in the Gulf of Maine, 

the cum ulative impact of pollution 
and habitat loss is m ost likely 

taking its toll as w ell.

H um an Activities have 
Cumulative Impact on 

Saint John Fishery
E n viro n m enta l quality in Saint 
Jo hn  H a rb o u r may be an ex­
am p le  o f the  cum ulative effects 
o f  avarie ty  o fa n th ro p o g e n ic  
stresses. A d ec lin in g  fishery 
o rig inally  led  som e to b lam e ex­
tensive d re d g in g  fo r the  loss. 
L a ter, it becam e clear th a t 
d re d g in g  a lo ne  was n o t re sp o n ­

sible. N atu ra l processes, acce le r­
a te d  by o n sh o re  developm en t; the  
grow th  o f  Saint J o h n ’s p u lp , p a p e r, 
fish ing , an d  refin ing  industries; 
causeway an d  w harf con stru c tio n  
a n d  disposal o f u n tre a te d  sewage 
m ost likely all co n tr ib u te d  to the 
d e c lin e  o f  th e  fishery in q uestion .

fleets ex p lo ited  a b ro ad  array  o f 
species o n  th e  Bank. Stocks recovered  
briefly  w hen th e  effo rts o f d is tan t w ater 
fleets w ere re s tr ic te d  in 1977; how ever, 
an inc rease  in U.S. an d  C anad ian  fish­
ing  e ffo rt has lead  to a seco n d  dec line . 
D ogfish an d  skates now re p re se n t 
a b o u t 70% o f  th e  to ta l G eorges B ank 
finfish biom ass.

A long w ith th e  ch an g es in biom ass 
an d  species co m p o sitio n  th e re  have 
b een  changes in th e  age s tru c tu re  o f 
various finfish  stocks in th e  G ulf o f 
M aine. A strik ing  ex am ple  o f the  
ch an g e  in age s tru c tu re  is th e  w itch 
f lo u n d e r. In  1980, th e re  w ere fish as 
o ld  as 22 years; by 1985, th e  o ldest fish 
w ere 20 an d  th e re  w ere n o  th re e  year 
olds; in 1987, the  age classes only 
in c lu d ed  fish from  5 to 18 years old.

E x p lo ita tio n  can  also lead  to the  
re p la c e m e n t o f o n e  species by a n o th e r . 
For exam ple , th e  inc rease  in th e  sand  
launce  p o p u la tio n , ev iden t in re c e n t 
years, may have b een  m ade  possib le 
because its m o re  effic ien t co m p etito rs
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This juvenile Atlantic sturgeon, ensnared in plastic debris, was caught in the 
Kennebec River, Maine.

a n d /o r  p re d a to rs  (h e rrin g  an d  m ack­
erel) w ere d ec im ated  by the  d is tan t 
w ater flee ts  d u rin g  the  1960s.

C umulative impacts 
T he im p ac t o f en v iron m en ta l stresses 
o f all types can be cum ulative. T he 
im p a c to f  a p a rtic u la r c o n ta m in an t on 
an  ind iv idual o rgan ism , p o p u la tio n , o r 
com m un ity  c an n o t adequate ly  be as­
sessed w ith o u t also considering  the 
o th e r  types o f stresses th a t are  p resen t. 
An o rg an ism  may be to le ra n t o f any 
single stress, b u t two o r m ore  such 
b u rd e n s  m ay im p air its ability to 
fu n c tio n  naturally . T h e  m arin e  
e n v iro n m en t con ta in s m any n a tu ra l 
stresses: daily an d  seasonal changes in 
te m p e ra tu re , changes in salinity, 
winds, c u rren ts ; tides, and  period ic  
ex p o su re  to  air; an th ro p o g en ic  
stresses a d d  to the  b u rd e n  o f  a m arin e  
o rgan ism  a tte m p tin g  to acclim ate and  
thrive in a variab le  en v iron m en t.

C um ulative im pact may exp la in  
eco log ical changes fo r w hich th e re  is 
no  a p p a re n t  single cause. F o rex - 
am ple, five years o f sam pling  ind icates 
that, fo r unkn o w n  reasons, sea scallops 
from  d e ep w a te r sites in the  G ulf o f 
M aine a re  n u tritio n a lly  defic ien t and  
lack th e  glycogen reserves necessary 
fo r spaw ning. T hese  p o p u la tio n s  ap ­
p aren tly  a re  n o t rep ro d u c in g  th e m ­
selves.

U n u su a l algal b loom s may also 
ind ica te  th a t  th e  m arine  ecosystem  is 
o u t o f b a lan ce . Bloom s o f the  red  tide

o rgan ism  an d  o th e r  toxic algal species 
are  o f co n ce rn  n o t only for th e ir  
im pact on  shellfisheries b u t because 
they may be sym ptom atic o f en v iro n ­
m en ta l stress. In 1989, red  tide 
reac h e d  sufficiently h igh co n cen tra ­
tions on  G eorges Bank to req u ire  lim i­
ta tions on  the  harvest o f shellfish.

O bvious sources o f ecological stress 
may m ask the  ro le  played by o th e r  
im pacts. W hile overharvesting  may be 
the  g rea tes t fac to r in the  decline  o f 
fish stocks in the  G u lf o f  M aine, the 
cum ulative im pact o f p o llu tio n  and  
h ab ita t loss is m ost likely tak ing  its toll 
as well.

P ublic health
Shellfish co n tam in a ted  with sewage 
an d  ru n o ff  re p re se n t a p o ten tia l th rea t 
to public  hea lth ; however, rigorous 
m o n ito rin g  an d  co n tro l p rogram s 
provide ad eq u a te  safeguards th ro u g h ­
o u t the  G u lf reg io n . Sw im m ing is 
p ro h ib ite d  at several b eaches in the  
G ulf reg io n . O n any given day d u rin g  
the  sum m er, app rox im ate ly  30% o f 
B oston H a rb o r  beaches are  closed to 
sw im m ing. In M aine, in 1988, swim­
m ing  s ta n d a rd s  w ere exceeded  fo r the  
first tim e at som e beaches. T he 
A nnapolis  Basin, in Nova Scotia, was 
also closed to sw im m ing in 1989.

Excessive body b u rd en s  o f toxins 
can p re se n t a h ea lth  hazard  to co n ­
sum ers o f fish an d  shellfish. Fish pose 
less o f a th re a t than  shellfish because 
toxic co m p o u n d s usually accum ulate

in o rgans, such as the  liver, th a t are  
n o tn o rm a lly  consum ed . Shellfish, by 
co n tras t, are  usually co n sum ed  w hole.

In 1989, lim ita tions on  c o n su m p ­
tion  o f shellfish  from  the  P iscataqua 
River, o n  the  M aine-New H am psh ire  
b o rd e r , w ere re c o m m en d ed  du e  to 
lead  c o n ta m in a tio n  from  a nearby  
toxic waste dum p.

PAH co n cen tra tio n s  in the  tom alley  
o f lobsters from  Q uincy  Bay w arran t a 
co n sum p tio n  advisory.

Fish from  M aine’s A ndroscogg in  
River have accum ula ted  c h lo rin a ted  
d iox ins; fishe rm en  are  w arned  to lim it 
th e  n u m b e r o f fish they co n sum e from  
th e  river.

Impacts upon aesthetic and
RECREATIONAL USES 
E nvironm ental d eg rad atio n  d im in ishes 
th e  quality  o f life o f the re g io n ’s 
res id en ts . Oil slicks and  ind u stria l an d  
sewage ou tfa lls m ake b o a tin g  an d  
o th e r  re c rea tio n a l uses o f coastal 
w aters u n ap pea lin g . R ecreational 
fish ing  an d  shellfish ing  are  severely 
im p ac ted  in the  G u lf  s coastal c o m m u ­
n ities by sewage c o n ta m in a tio n  an d  
p o p u la tio n  declines.

O n e  effect o f in ten se  grow th  in 
coastal reg ions is the  litte rin g  o f the  
shores an d  m arin e  w aters th a t resu lts 
from  inc reased  use o f the  coastal 
reg io n . N on-b iodeg radab le  trash , 
especially  plastics, is o n e  form  o f 
m a rin e  p o llu tio n  th a t is read ily  visible.
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Em ploym ent is directly 
related to volum e of landings: 

one estim ate from Nova 
Scotia links 28 full-time jobs 

to every 1,000 m etric tons 
(1,968,000 pounds) of fish 

harvested.

1 Shellfish Closures in the Gulf of Maine

Region Productive Acreage % Restricted
Massachusetts 1 (1984) 8,170 83%

New Hampshire (1989) 3,420 100%
Maine (1988) 49,000 25%

Nova Scotia(1985) 26,671 15%
New Brunswick (1985) 9,702 32%

1 N orth Shore and Boston Harbor.

F loating  an d  su b m erg ed  debris  an d  
sh o re lin e  l itte r  also p resen ts  hazards to 
boaters, fishe rm en , an d  beachw alkers.

E conomic impacts
T he re g io n ’s fish ing  industry  initially 
b en efite d  from  restric tio n s on  fo re ign  
harvests estab lish ed  in 1977; land ings 
an d  value b o th  inc reased . Betw een 
1978 an d  1988, th e  n u m b e r o f fish 
p rocessing  p lan ts  in the  Scotia-Fundy 
reg io n  d o u b le d , from  187 to 374. 
H ow ever, lan d in g s o f trad ito n a l species 
from  th e  G u lf o f  M aine soon began  to 
fall. For ex am ple , h a d d o c k  landings 
d ec lin ed  fro m  an  a n n u a l average o f 
6,800 m e tric  tons in  the  early 1980s to 
829 m etric  ton s in 1987. D eclines in 
fish lan d in g s in th e  early  1980s w ere 
initially  offset by an increase  in value; 
recently , how ever, value has also 
d ec lined  fo r som e im p o rta n t species. 
E m ploym en t is d irec tly  re la ted  to 
volum e o f land ings: o n e  estim ate  from  
Nova Scotia links 28 full-tim e jo b s  to 
every 1,000 m e tric  tons (1,968,000 
p o u n d s) o ffish  harvested . A lthough  
lan d in g s in N ova S cotia an d  New 
Brunsw ick in c reased  betw een 1984 an d  
1988, d u e  to  e x p a n d e d  access to 
G eorges B ank an d  harvesting  o f u n d e r ­
u tilized  species, the  tre n d  ap p ears  to 
be reversing . In  th e  su m m er o f 1989, 
several h u n d re d  p la n t w orkers were 
tem p o rarily  o r  p e rm an en tly  laid  o ff in 
Nova Scotia as s tr ic te r  catch  quotas 
w ere im posed  in resp o n se  to stock 
declines.
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Pollu tion  an d  h ab ita t loss can also 
have econom ic consequences. For 
exam ple, th e  toxic effects o f  PAH 
co n tam in a tio n  can im p air the  ability o f 
a fish stock to re p ro d u c e  itself. T he 
econom ic im pacts o f h ab ita t d es tru c ­
tion  may n o t be im m ediate ly  a p p a ren t; 
they m ust be estim ated  by fig u rin g  the  
rep lacem en t cost o f the  ro le  coastal 
w etlands play in com m erc ia l an d  sport 
fisheries, aq u acu ltu re , ag ricu ltu re , p ea t 
harvesting, rec rea tio n  and  tourism , 
w ater quality  co n tro l, sh o re lin e  
p ro te c tio n , an d  flood  co n tro l. T he  
re la tionsh ip  betw een estuaries and  
fisheries p roductiv ity  is clear: the  U.S. 
N ational M arine F isheries Service 
estim ated  an  a n n u a l loss to U.S. 
fisheries o f  $208 m illion  betw een  1954 
an d  1978 du e  to the  d es tru c tio n  o f 
estuarine w etlands systems.

Sewage p o llu tio n , red  tide, and  
o th e r b io tox ins cause restric tions on 
shellfish harvesting  th ro u g h o u t the  
G ulfreg ion . U nlike toxic co n ta m in a ­
tion , sewage p o llu tio n  affects h u m an s 
m ore than  m a rin e  organism s; as a 
result, its effects are  p rim arily  eco ­
nom ic. T h e  tre n d  tow ard inc reasing  
shellfish closures led  M aine to pass leg­
islation in 1987 to sharp ly  cu rtail the 
d ischarge o f sewage to shellfish flats.

In 1988, m edical wastes w ashed up  
o n  the shores o f  New York an d  New 
Jersey, causing  public  b each  closures 
an d  econom ic losses in the  b illions o f 
dollars to coastal com m un ities heavily

d e p e n d e n t on tourism . A sim ilar 
decrease  in the  rec rea tio n a l value o f 
the  G u lf  s shores w ould seriously affect 
local and  reg ional econom ies. Toxic 
p o llu tio n  also affects th e  m ark e t fo r 
fish; concern  fo r h ea lth f ul food  may 
already  be d am p en in g  co n sum er 
en thusiasm  fo r seafood. If pub lic  faith  
in the  clean liness an d  safety o f the  
G u lf  s resou rces is no t u p h e ld , adverse 
econom ic consequences are  likely.

C o n tam in ated  seafood, loss o f 
recrea tio n a l o p p o rtu n ity  an d  the  
d eg rad a tio n  o f m arine  an d  coastal 
en v iron m en ts  ldwer the  quality  o f life 
in the  reg ion  an d  d ecrease  its a ttrac tiv e­
ness to residen ts; dev elop m en t, the  
rec rea tio n  industry , an d  the  second  
hom e m arket all suffer.

C onclusion
In g en era l, the  G ulf ap p ea rs  to  be in 
good  health ; how ever, som e coastal 
areas are  d e g ra d e d  an d  ce rta in  fish 
stocks no  lo n g er su p p o rt a co m m erc ia l 
fishery. Locally, uses o f m a rin e  w aters 
are  res tric ted . Som e co n ta m in a n ts  are  
ev iden t a t least in  trace  am ou n ts  
th ro u g h o u t the  Gulf.

T he complexity o f the m arine 
ecosystem  m akes it d ifficu lt to d if fe re n ­
tia te effects o f stress from  n a tu ra l vari­
ability. R esearch is n e e d e d  to d e te r ­
m ine the  ecological effects, b o th  sh o rt 
an d  long  term , o f  such e n v iro n m en ta l 
stresses as co n ta m in a tio n , h a b ita t loss, 
an d  overharvesting . G reatly  inc reased  
m o n ito rin g  is n e e d e d  to fill in the  gaps 
in da ta  reg a rd in g  the  e x te n t an d  type 
o f stress in the  Gulf. W ith o u t such  in ­
fo rm ation , p ro te c tio n  efforts will 
rem ain  unfocused.
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C H A P TE R  FIVE

Summary and Future Outlook

HE GULF OF MAINE 
is o f  g re a t w orth  n o t only 
to th e  p eo p le  o f  the  G ulf 

reg ion  w ho d e p e n d  u p o n  it fo r econom ic, 
aesthetic , an d  re c re a tio n a l value, bu t also 
to  the  m any o th e rs  w ho enjoy o r p ro fit 
from  its reso u rces . A m ong  the  m ost 
p roduc tive  b o d ies  o f  w ater on  ea rth , the 
G ulf has n o u r ish e d  a th riv ing  m aritim e 
h eritage  fo r several cen tu ries.

T h e  grow th  o f  th e  h u m an  p o pu la tio n  
an d  c o n c o m m ita n t d ev e lop m en t in the 
G u lf reg io n  have re su lted  in a series o f 
stresses th a t im p in g e  u p o n  the  G u lf en ­
v iron m en t: tons o f  raw an d  partia lly  
tre a te d  sewage a re  d isch arged  in to  the 
G ulf each  day; in d u stria l d ischarges, 
u rb an  runo ff, an d  ag ricu ltu ra l practices 
all in tro d u c e  toxic co n ta m in an ts  and  
b ac te ria  to  m a rin e  an d  e s tu a rin e  w aters 
on  a ch ro n ic , som etim es acu te  basis; 
inc reased  fish ing  effo rt has red u ced  fish 
stocks to all tim e lows; d ev e lop m en t in 
th e  coastal zone has e n c ro a c h e d  on e n ­
v ironm enta lly  sign ifican t m arine  wet­
lands; an d  acc id en ta l spills o f  oil and  
o th e r  toxic m a te ria l p lace add itiona l 
stresses u p o n  the  G u lf env iron m en t.

Evidence o f  th e se  stresses can be 
fo u n d  th ro u g h o u t th e  Gulf. A lthough  
lim ited  d a ta  exist to adequate ly  assess 
th e  tren d s  in e n v iro n m en ta l quality in 
th e  G u lf o f  M aine, the  w arn ing  signs o f

d eg rad a tio n  are  c lear in the  research  
results o f  th e  last decade:
— highly industria lized  h arb o rs  such 
as B oston a n d  S a in t jo h n  are seriously 
d eg rad ed ; it is un likely  th a t such places 
will ever rega in  all o f th e ir  na tu ra l 
functions;
— relatively u n deve lo p ed  em baym ents, 
such as P en o b sco t Bay, ex h ib it e levated  
levels o f  c o n ta m in a n ts  in sedim ents;
—  sed im en ts in th e  d epositiona l basins 
o f the  o ffsh o re  G u lf o f M aine con ta in  
small b u t ab n o rm a l am ou n ts  o f toxins, 
ind ica ting  th a t co n ta m in an ts  are being  
tran sp o rted  th ro u g h o u t the  Gulf.

W hile th e  effects o f  such stresses are  
n o t fully d o c u m e n te d , n a tu ra l p ro c ­
esses in the  G u lf are  clearly  b e ing  af­
fected:
—  certa in  fish an d  shellfish  ex h ib it 
liver lesions, fin ro t, an d  o th e r  signs o f 
en v iron m en ta l stress;
—  the  r ig h t w hale, p ip in g  p lover, an d  
o th e r  species o f  w ildlife are  e n d a n ­
g ered  o r  d ec lin in g ;
—  p o p u la tio n s  o f  som e com m ercially  
valuable fish species d e p e n d  u p o n  an 
increasing ly  lim ited  n u m b e r  o f age 
classes, an d  som e m ay n o t be re p ro ­
d u c in g  them selves at all;
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"We need to stop looking at environm ental issues as though they w ere court cases. We need, instead, to think of 
ourselves as homeowners buying insurance. You don't insure against the absolutely predictable. You protect agains 

the possible. Nor do you w ait to establish causality. You recognize that ownership —  and stewardship over the 
environm ent —  involves risk-taking. So defend yourself against large and irreversible damages." r u s h w o r t h  k id d e r

The first Gulf-wide shoreline cleanup was held in the fa ll o f 1989.

—  apply  the  c o n cep t o f su sta inab le  us 
to the  m a n a g e m en t o f  th e  G u lf  s ocea 
an d  coastal resources;
—  reverse the  tre n d  o f shellfish 
closures by co n tro llin g  sewage dis­
charges to coastal waters;
—  abate  an d  p rev en t n o n p o in t sourct 
p o llu tio n  by m anag in g  lan d  use 
activities th a t in tro d u ce  co n tam in an ts  
to the  Gulf;
—  abate  an d  p rev en t p o in t source  
p o llu tio n  by e lim ina ting  co m b in ed  
sewer overflows, develop ing  and  
im p lem en tin g  m ore  effective wastewa 
te r tre a tm e n t technology , an d  en fo rc ­
ing  industria l p re trea tm e n t;
—  co n tro l disposal o f p e rs is ten t 
plastics and  litter;
—  identify  hab ita ts  o f  Gulf-wide 
sign ificance th a t shou ld  be p ro te c te d  
as m arin e  sanctuaries, inc lu d ing  
w etlands, an d  h ab ita t fo r th re a te n e d  
m a rin e  m am m als, b irds, fish, an d  
o th e r  living resources;

A broad-based  u n d e rs ta n d in g  o f  tf  
eco logical an d  eco n o m ic  values o f  th< 
G u lf is essen tial fo r th e  im proved  
stew ardsh ip  o f the  Gulf. T o inc rease  
p ub lic  aw areness, it will be necessary  l 
im prove public education, to:
—  develop cu rricu lum  supp lem en ts, 
school p rogram s, v ideo tapes, public  
service an n o un cem en ts , b ro ch u res , 
an d  public  p artic ip a tion  p rogram s;

1
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— com pile fisheries an d  o th e r  statistics 
on  a Gulf-wide basis, an d  m ake them  
readily available;
— publish  a p o p u la riz e d  version of a 
G ulf o f M aine atlas;
— co n d uc t an n u a l, Gulf-wide sh o re ­
line c leanups;
— develop  a c itiz e n ’sg u id e  to en v iron ­
m entally  sensitive land  use practices.

Effective m a n a g e m en t o f the  G ulf 
will req u ire  o n g o in g  cooperative research 
on the s tru c tu re  an d  fu n ctio n  o f the  
G ulf ecosystem  as well as on the  effects 
o f p o llu tio n , h a b ita t loss, an d  o th e r  
stresses. T o  im prove o u r  u n d e rs ta n d ­
ing o f the  G tdf, it will be necessary to:
— establish  reg io na l research  p rio r i­
ties, s ta n d ard ized  sam pling  and  
analytical m e th o d s, an d  a cooperative 
research  strategy;
— c o n d u c t resea rch  on  the  sources 
and  fates o f  c o n ta m in an ts  in the  G ulf 
ecosystem  an d  develop  tech n iq u es for 
assessing th e ir  eco logical an d  cum ula­
tive effects;
— evaluate in d ica to rs  o f ch ron ic  
c o n ta m in an t effects an d  hazards to 
hum an  h ea lth ;

—  c o n d u c t research  tha t identifies 
favorable ap p ro ach es  to resolving the  
G u lfs  p ressing  m anagem en t issues.

M uch is a lready  being  d o n e  to 
p ro te c t an d  e n h a n c e  the  G ulf en v iro n ­
m en t. B illions o f do llars are being  
invested  in ex p an d in g  and  im proving  
sewage tre a tm e n t. To resto re  p o p u la ­
tions o f  salm on an d  o th e r  fish, m illions 
o f sm olts are  re leased  in the  G u lf  s 
estua ries each  year an d  fish lad de rs  are  
b e in g  insta lled  in m any dam s. H u n ­
d red s  o f  vo lun teers  have p artic ip a ted  
in sh o re lin e  c leanup  efforts; the first 
Gulf-wide c lean u p  was held  in the  fall 
o f  1989.

M any a re  also cap italiz ing  on  so un d  
o p p o rtu n itie s  to b e n e fitf ro m  the 
G u lf  s resources: aq u acu ltu re  and  
tourism  are  rep resen ta tiv e  o f new an d  
e x p an d ed  econom ic activities tha t 
thrive on  a hea lthy  en v iro n m en t and  
are  p re p a re d  to m ee t the  cha llenge  o f 
sustainable developm ent.

T h e  fu tu re  d e p e n d s  on  o u r  ability 
to fo ste r p a rtn e rsh ip s  tha t b ridg e  the 
Gulf, to  fa th o m  th e  com plex ity  o f  its 
ecosystem , an d  to m itigate  the  stresses 
we im pose u p o n  it. T h e  rew ards o f 
such en d eav o rs  will be im m ense; the 
co n seq u e n c es  o f com placency , if we do 
n o t act, will be equally  great.

THE GULF OF MAINE 57



References

Chapter One

Apollonio, S., 1979. The G u lf o f M aine. 
Courier-Gazette, Inc., Rockland, Maine.
Berrill, M., and D. Berrill, 1981. TheN orth  
A tla n tic  Coast: Cape Cod to New foundland. 
Sierra Club Books, San Francisco.
Cerulo, M., and W. Hancock, 1986. “The 
Mixing o f the Waters: An introduction to 
the oceanography o f the Gulf o f Maine." 
H a b ita t ,Y ol. 3, No. 7, August 1986, pp. 16- 
21 .

Doggett, L., andj. Sowles, 1989. M a in e ’s 
M arine E nvironm ent: A  P lan fo r  Protection. 
Report to 114th Legislature, Maine 
Department o f  Environmental Protection, 
Bureau o f Water Quality Control, Augusta, 
Maine.
Emery, K.O., 1987. “Georges Cape, Georges 
Islands, and Georges Bank." in: Backus, 
R.P.,andD.W . Bourne, (Eds.). Georges 
Bank. MIT Press, Cambridge, Massachu­
setts, pp. 38-39.
Fefer, S.I., and P.A. Schettig, 1980. An 
Ecological Characterization o f Coastal M aine  
Northeast o f Cape Elizabeth, Vol. 2. U.S. 
Department o f  Interior, Fish 8c Wildlife 
Service, Northeast Region (FW S/OBS-80/ 
29), Newton Corner, Massachusetts.
Jacobson, H.A., G.L.Jacobson,Jr., andJ.T. 
Kelley, 1987. “Distribution and Abundance 
of Tidal Marshes Along the Coast of 
M aine”. Estuaries, Vol. 10 ,N o .2 ,p p . 126- 
131.
New England Fishery Management Council 
and Mid-Atlantic Fishery Management 
Council. 1985. “Fishery Management Plan 
Environmental Impact Statement, Regula­

tory Impact Review, and Initial Regulatory 
Flexibility Analysis for the Northeast Multi- 
Species Fishery," Saugus, Massachusetts.
___________________________ . 1986.
“Supplemental Fishery Management Plan," 
Saugus, Massachusetts.
Rosenfeld, M., M. George, andJ.M. 
Therune, 1988. “Evidence of Autumnal 
Harbor Seal, Phoca vitu lina , Movement from  
Canada to the U .S.," C anadian Field- 
N atura list, Vol. 102, No. 3, pp. 527-29.
Sherman K., M. Grosslein, D. Mountain, D. 
Busch,J. O ’Reilly, andR. Theroux. “The 
Continental Shelf Ecosystem Off the 
Northeast Coast o f the United States." In: 
Postma, H., andJ.J. Zijlstra, Elsevier. 1988. 
“Ecosystems of the World.” C ontinental 
Shelves, 27.
Strategic Assessment Branch, 1989. N ationa l 
E stuarine Inventory Data Atlas, Vol. 3: Coastal 
W etlands — New E ng land  Region. National 
Oceanic and Atmospheric Administration, 
Rockville, Maryland.
Uchupi, E., andJ.A. Austin,Jr., 1987. 
“Morphology." in: Backus, R.P., and D.W. 
Bourne, (Eds.). Georges Bank. MIT Press, 
Cambridge, Massachusetts, pp. 25-30.
Winn, H.E.,J.H.W. Hain, M.A.M. Hyman, 
and G.P. Scott, 1987. “Whales, Dolphins, 
and Porpoises," in: Backus, R.P., and D.W. 
Bourne, (Eds.). Georges Bank., MIT Press, 
Cambridge, Massachusetts, pp. 375-382.
Chapter Tw o

Bernstein, R. “Maine Diversjump into the 
Urchin Roe Market." NationalFisherman, 
May 1989, pp. 14-17.

Center for Marketing Research, 1986.
M aine Tourism  S tudy 1984-85, Vol. II: 
Economic Analysis,. Prepared for Maine State 
Developm ent Office, Univ. ofWisconsin- 
Parkside, Kenosha, Wisconsin.
Charles River Associates, 1988. Cape Cod 
Economic A nalysis In p u t -  O utpu t Model. 
Cambridge, Massachusetts.
Colgan, C.S., 1988. “Waste Disposal Issues 
in the Gulf o f Maine," in: Conference 
Proceedings on the Value o f the G u lf o f M aine, 
Portland, Maine, October 28,1988.
Dom inie, H., andj. Scudder, 1987. L a n d  
Use a nd  C um ula tive Im pacts o f Development: A 
Study Summary. Maine State Planning 
Office, Augusta, Maine.
DPA Group, Inc., 1987. Georges B ank, 
C anadian  Fisheries, a nd  Proposed Oil a nd  Gas 
Exploration. Final report prepared for the 
Gulf o f Maine Advisory Committee, 
Dartmouth, Nova Scotia.
__________________________ , 1988. Georges
Bank: Proposed Oil Exploration a nd  Concerns 
fo r  New B runsw ick’s Fisheries a nd  M arine  
E nvironm ent. Prepared for New Brunswick 
Department o f Fisheries, Fredericton, New 
Brunswick.
Eaton, P.B., L.P. Hildebrand, and A.A. 
d ’Entremont, 1986. E nvironm enta l Quality in  
the A tla n tic  Region 1985. Environment Can­
ada, Environmental Protection Service, 
Atlantic Region, Dartmouth, Nova Scotia.
Elder, R.D., 1989. “Analysis of 1988 Cargo 
at Maine Ports." Maine Department of 
Transportation, Memorandum.
Enright, C., 1989. “Aquaculture in Nova 
Scotia." Nova Scotia Fisheries, Halifax, Nova 
Scotia.

58 THE GULF OF MAINE



"AnnouncementofStellwagen Bank (Mas­
sachusetts) as an Active Candidate for 
Designation as a National Marine Sanctu- 
ray: Intent to Prepare a Draft Environ­
mental Impact Statement and M anagement 
Plan; Public Scoping Meeting. "Federal 
Register, Vol. 54, No. 74, April 19,1989. 
pp. 15787-15790.
Ferland,J.G., J.A. Wilson, and C.R. Newell, 
1989. “State of Maine Aquaculture 
Development Strategy: Preliminary Draft." 
Maine State Planning Office, Augusta, 
Maine.
Fiander-Good Associates, Ltd., and 
Washburn & Gillis Associates, Ltd., 1988. 
“Economic Assessment of Salmonid Cage 
Culture Industry in Southwestern New 
Brunswick." Fredericton, New Brunswick.
Kelley,J.T., A.R. Kelley, and O.H. Pilkey,
Sr., 1989. L iv in g w ith  the Coast o f  M aine.
Duke University Press, Durham, North 
Carolina.
Maritime Research Management Service, 
1982. N ova ScotiaFisheries Atlas. Prepared 
for Nova Scotia Department o f Fisheries, 
Halifax, Nova Scotia.
Massachusetts Port Authority, 1988. “Year 
End Report: 1988." Boston, Massachusetts.
National Marine Fisheries Service, “Com­
mercial Fishery Landings by State, 1981- 
1988," Resource Statistics Division, Wood 
Hole, Massachusetts.
New England Fishery M anagement Council 
and Mid-Atlantic Fishery Management 
Council, 1985. “Fishery Management Plan, 
Environmental Impact Statement, Regula­
tory Impact Review, and Initial Regulatory 
Flexibility Analysis for the Northeast Multi- 
Species Fishery," Saugus, Massachusetts.

__________________ , 1986. “Supplemental
Fishery Management Plan," Saugus, 
Massachusetts.
Reiser, A.,J. Spiller, and D. VanderZwaag,
1986. “Environmental Decisionmaking in a 
Transboundary Region.” Lecture Notes on 
Coastal a nd  E stuarine Studies, Vol. 20, 
Springer-Verlag, New York.
U.S. Army Corps o f Engineers, 1987. 
Waterborne Commerce Report, Vol. I: North  
A tlan tic Region. Waltham, Massachusetts.
U.S. Departm entofCom m erce, 1986. 
“Marine Recreational Fishery Statistics 
Survey, Atlantic and Gulf Coasts, 1985." 
Current Fisheries Statistics No. 8327, Wash­
ington, D.C.
U.S. Departm entof the Interior, 1988.
North A tla n tic  Oil &  Gas Lease Sale 96. D raft 
Environm ental Impact Statement, Minerals 
Mangement Service, MMS 88-0001, Vienna, 
Virginia.
Chapter Three
Arbuckle,J., and M. Lee, 1987. The  
C um ulative Impacts o f Development in M aine: A  
Study o f  H abita t Changes in  Five Coastal 
Towns. Maine State Planning Office, 
Augusta, Maine.
Arthur Lerman Associates, and the 
Mahoosuc Corp., 1982. “A Dredge Manage­
ment Study for Maine Phase II: A Dredge 
Management Mechanism." Maine State 
Planning Office, Augusta, Maine.
Befort, W., A.E. Luloff, and M. Morrone,
1987. “Land Use Change: Rockingham  
County, New Hampshire 1953-1982.” New 
Hampshire Agricultural Experiment 
Station, Research Report No. 11 2, Univ. of 
New Hampshire, Durham.

“Canada, UStojointly test gear,"
Sou ’wester, June 1, 1989.
Colgan, C.S., and S.J. Adams, 1989. 
“Economic Growth Trends on the G ulf o f  
Maine Littoral." Maine State Planning 
Office. In press.
Cohen, E.B., and R.W. Langton, 1989. “The 
Ecological Consequences o f Change in Fish 
Stocks Due to Fishing in the Gulf o f  
Maine." Northeast Fisheries Center and 
Maine Departm entof Marine Resources.
In press.
Crawford,J., 1987. “The DAMOS Program." 
E nvironm ental Effects o f Dredging, U.S. Army 
Corps of Engineers Information Exchange 
Bulletin, Vol. D-87-2, Waltham, Massachu­
setts.
Doggett, L., andj. Sowles, 1989. M a in e ’s 
M arine Environm ent: A P lan fo r  Protection. 
Report to the 114th Legislature, Maine De­
partment of Environ mental Protection, 
Bureau of Water Quality Control, Augusta, 
Maine.
Dominie, H., andj. Scudder, 1987. L a n d  
Use a nd  C um m ulative Impacts o f Development:
A Study Summary. Maine State Planning  
Office, Augusta, Maine.
Eaton, P., L.P. Hildebrand, and A.A. 
d ’Entremont, 1986. E nvironm enta l Q uality in  
the A tlan tic  Region 1985. Environment 
Canada, Environmental Protection Service, 
Dartmouth, Nova Scotia.
Environment Canada, 1987. A  Profile o f  
Important Estuaries in A tlan tic  Canada. 
Environmental Quality Division, Dart­
mouth, Nova Scotia.

THE GULF OF MAINE 59



Gordon, D.C. (Ed.), 1988. “An Assessment 
o f the Possible Environmental Impacts o f  
Exploratory Drilling on Georges Bank 
Fishery Resources." Canadian Technical 
Report o f Fisheries and Aquatic Sciences 
No. 1633, Department o f Fisheries & 
Oceans, Bedford Institute o f Oceanogra­
phy, Dartmouth, Nova Scotia.
Hankin, A.L., L. Constantine, and S. Bliven, 
1985. Barrier Beaches, Salt Marshes, a nd  T ida l 
Flats: A n  Inventory o f the Coastal Resources o f  
the Commonwealth o f Massachusetts. Lloyd 
Center for Environmental Studies, South 
Dartmouth, Massachusetts.
Kaltofen, M., and I. Kessel, 1989. Boston  
H arbor Toxics Project: Third  A n n u a l Report on 
Toxic Discharges into Boston Harbor. National 
Toxics Campaign, Boston, Massachusetts.
Kelley,J.T., A.R. Kelley, and O.H. Pilkey,
Sr., 1989. L iv in g  with the Coast o f M aine.
Duke University Press, Durham, North 
Carolina.
M acConnell, W., 1975. “Remote Sensing 20 
Years o f Change in Massachusetts, 1951/52- 
1971/72." Mass. Agricultural Experiment 
Station, Research Bulletin No. 630, Univ. o f  
Massachusetts, Amherst.
Maine Geological Survey, 1989. “Global 
Warming: Maine’s Experience." Depart­
m ent of Conservation, National Governors’ 
Conference on Global Warming, February 
28,1989.
Management Committee, Massachusetts 
Bays Program, 1989. “Massachusetts Bays 
Nom ination Package for the National 
Estuary Progam," Boston, Massachusetts.

MIT Sea Grant, 1989. “Sleuths Stalk 
Pollutants in Massachusetts Bay." Quarterly 
Report, Vol. 11, Issue 1, Cambridge, Massa­
chusetts.
National Oceanic and Atmospheric 
Administration, 1982. “Individual Pipe 
Records from Facilities in Maine, New 
Hampshire, and Massachusetts." Datafrom  
the original National Coastal Pollutant Dis­
charge Inventory facility fde, U.S. Dept, o f  
Commerce, NOAA, Strategic Assessment 
Branch.
________________________, 1988. “Individ­
ual Facility Records for Maine, New 
Hampshire, and Massachusetts.” Data from 
the Permit Compliance System file, U.S. 
Dept, o f Commerce, NOAA, Strategic 
Assessment Branch, Rockville, Maryland.
New England Fishery M anagement Council 
and Mid-Atlantic Fishery Management 
Council, 1985. “Fishery Management Plan, 
Environmental Impact Statement, Regula­
tory Impact Review, and Initial Regulatory 
Flexibility Analysis for the Northeast Multi- 
Species Fishery," Saugus, Massachusetts.
New England River Basins Commission, 
1981. “Dredging Management: Data and 
Analysis for the New E ngland/L ong Island 
Sound Region." Technical Assistance 
Report, Dredging Management Program, 
Boston, Massachusetts.
Office ofTechnology Assessment, 1984. 
Wetlands: Their Use a nd  Regulation. 
U.S.Congress, OTA-0-206, Washington,
D.C.
O ’Hara, K.J., R. Bierce, and P. Debenham ,
1988. “Trash on Am erica’s Beaches: A 
National Assessment."Center for Marine 
Conservation, Washington, D.C.

Pait, A.S., D.R.G. Farrow, J .A. Lowe, ad P.A. 
Pacheco, 1989. Agricultural Pesticide Use in 
E stuarine D rainage Areas. The National 
Coastal Pollutant Discharge Inventory, 
NOAA. Rockville, Maryland.
Parametrix, 1989, Draft Programmatic EIS, 
Fish Culture and Floating Net Pens, pre­
pared for Washington State D epartm entof 
Fisheries.
Reiser, A.,J. Spiller, and D. VanderZwaag, 
1986. “Environmental Decisionmaking in a 
Transboundary Region." Lecture Notes on 
Coastal a nd  E stuarine Studies, Vol. 20, 
Springer-Verlag, New York.
Ricketts, P.J., andj. Hutchings, 1986.
“Major Energy Projects in the Gulf o f Maine 
Region," In: Reiser, A.,J. Spiller, and D. 
VanderZwaag, 1986. “Environmental 
Desicionmaking in a Transboundary 
Region." Lecture Notes on Coastal a nd  
E stuarine Studies, Vol. 20, Springer-Verlag, 
New York.
Smolowitz, R.J., 1983. “FisheriesEngineer­
ing and its Role in Resource Management." 
Reprint from M arine Technology Society jo u r-  
nal, Vol. 17, No. 1
______________________, and F.M. Serchuk,
1988. “Marine Fisheries Technology in the 
United States: Status, Trends and Future 
Directions." In: Proceedings o f the Oceans ’88  
Conference, Baltimore, Maryland, Oct. 31- 
N ov.2 ,1988.
Stevens, L.. “Gillnetters have Frequent 
Marine Mammal Take." Commercial Fisheries 
News, March 1989, p. 10.

60 THE GULF OF MAINE



U.S. Environmental Protection Agency and 
National Oceanic and Atmospheric 
Administration, November, 1987. “Strategic 
Assessment o f Near Coastal Waters: 
Northeast Case Study, Interim Draft," 
Boston, Massachusetts.
Uthe, J.F., and V. Zitko, 1988. “An Overview 
of Marine Enviromental Quality Issues on 
the Atlantic Coast o f Canada." In: Wells, P., 
andj. Gratwick, (E d s.), 1988. C anadian  
Conference on M arine E nvironm enta l Q ua lity: 
Proceedings. Elalifax, Nova Scotia,, pp. 199- 
202.

Waldichuk, M., 1988. “The Nature and 
Extent o f Marine Contamination Caused by 
Land-Based Sources in Canada”. In: Wells, 
P.G., and j. Gratwick, (Eds.). “Canadian 
Conference on Marine Environmental 
Quality: Proceedings”, Halifax, Nova Scotia, 
pp. 75-135.
Wells, P.G., L. Harding, J.Karu, and G. 
Packman, 1987. “Marine Environmental 
Quality in Canada”. Environment Canada, 
C H 2498-4/87/0000, Dartmouth, Nova 
Scotia.
Widoff, L., 1988. M a in e  W etlands Conserva­
tion Priority Plan. Maine Bureau o f Parks 8c 
Recreation, Maine State Planning Office, 
Augusta, Maine.
Chapter Four

Angus, R.B., C.M. Hawkins, P. Woo, and B. 
Mullen, 1985. “Soft-shell clam survey of the 
Annapolis Basin, Nova Scotia - 1983." Cana­
dian Manuscript Report o f  Fisheries and 
Aquatic Sciences, #1807, Halifax, Nova 
Scotia.

Backus, R.P., and D.W. Bourne, (Eds.), 
1987. Georges Bank. MIT Press, Cambridge, 
Massachusetts.
Bird, P.M., and D.J. Rapport, 1986. S ta leo f 
the E nvironm ent Report fo r  Canada. Canadian 
Government Publishing Centre, Hull, 
Quebec.
Card, D.J., L.T. Stockwell, E.S. Gilfillan, 
1984. “Oil Pollution Research: 1984." 
Department of Enviromental Protection, 
Bureau o f Oil and Hazardous Materials 
Control, Augusta, Maine.
Committee on Merchant Marine & 
Fisheries, 1988. “Coastal Waters in 
Jeopardy: Reversing the Decline and 
Protecting America’s Coastal Resources”. 
Oversight report, Serial No. 100-E, U.S. 
Government Printing Off ice, Washington, 
D.C.
Connell, D.W., and G.J. Miller, 1984. 
Chemistry and  Toxicology o f Pollution. John 
W iley&Sons, New York.
Departm entofFisheries, Wildlife, Sc 
Environmental Law Enforcement, 1985. 
M assachusetts M arine Fisheries: A n  Assessment 
at Mid-Decade, November 1985. Massachusetts 
Executive Office of Environmental Affairs, 
Boston, Massachusetts.
Doggett, L.,andJ. Sowles, 1989. M a in e ’s 
M arine Environm ent: A Plan fo r  Protection. 
Report to the 114th Legislature, Maine De­
partment of Environmental Protection, 
Bureau o f Water Quality Control, Augusta, 
Maine.
Dom inie, H., andJ.Scudder, 1987. E and  Use 
a nd  C um ulative Impacts o f Development: A 
Study Summary. Maine State Planning 
Office, Augusta, Maine.

Eaton, P.B., L.P. Hildebrand, and A.A. 
d ’Entremont, 1986. E nvironm enta l Quality in 
the A tlan tic  Region 1985. EnvironmentCan- 
ada, Environmental Protection Service, 
Atlantic Region, Dartmouth, Nova Scotia.
Gaskin, D.E., undated. “Status Report on 
the Right Whale: Eubalaenaglacialis,"  
unpublished report to Committee on the 
Status o f Endangered Wildlife in Canada, 
Ottawa, Ontario, Canada.
Goldberg, E.D., M. Koide, V. Hodge, A.R. 
Flegal, andj. Martin, 1983. “U.S. Mussel 
Watch: 1977-1978 Results on Trace Metals 
and Radionuclides." Estuarine, Coastal a nd  
Shelf Science, Vol. 16, pp. 69-93.
Johnson, A.C., P.F. Larsen, D.F. Gadbois, 
and A.W. Humason, 1985. “The Distribu­
tion o f Polycyclic Aromatic Hydrocarbons 
in the Surficial Sedim ents o f Penobscot Bay 
(Maine, USA) in Relation to Possible 
Sources and to O ther Sites." M arine E nv iron­
m ental Research, Vol. 15, pp. 1-16.
Larsen, P.F., and J.A. Topinka, (Eds.), 1984. 
“Fundy Tidal Power Development: 
Preliminary Evaluation o f its Environmental 
Consequences to Maine." Technical Report 
No. 35, Bigelow Laboratory for Ocean Sci­
ences, West Boothbay Harbor, Maine.
_____________________, D.F. Gadbois, and
A.C.Johnson, 1985. “Observations on the 
Distribution o f PCBs in the Deepwater Sedi­
ments o f the Gulf o f  Maine." M arine  
Pollution Bulletin, Vol. 16, No. 11, pp. 439- 
442.
Lyons, W.B. and H.E. Gaudette, 1979. 
“Sediment Geochemistry o f Jeffreys Basin, 
Gulf o f Maine: Inferred Transport ofTrace 
Metals." Oceanologica Acta, Vol. 2, No. 4, pp. 
477-481.

THE GULF OF MAINE 61



Management Committee, Massachusetts 
Bays Program, 1989. “Massachusetts Bays 
Nom ination Package for the National 
Estuary Program," Boston, Massachusetts.
Marine Environmental Quality Advisory 
Group. MS 1989. M arine E nvironm ental 
Q uality in  C anada - S ta tus a nd  Priorities, Draft 
2. Edited by P.G. Wells and S. Rolston. 
Conservation and Protection, Environment 
Canada, Ottawa.
National Marine Fisheries Service, 1983. 
“Fisheries o f  the United States, 1982”. U.S. 
Department of Commerce, National 
Oceanic and Atmospheric Administration.
National Oceanic & Atmospheric Admini­
stration, 1988. “A Summary o f Selected  
Data on Chemical Contaminants in 
Sediments Collected During 1984,1985, 
1986, and 1987.” NOAATechnical Memo­
randum NOS-OMA-44, U.S. Departm entof 
Commerce, Rockville, Maryland.
National Oceanic & Atmospheric Admini­
stration, 1989. Sta tus o f theFishery Resources 
O ff the Northeastern United States fo r  1988 , 
NO AATechnical Memorandum, NMFS-F/ 
NEC-63, U.S. Department of Commerce, 
Woods H ole, Massachusetts.
New Hampshire D epartm entof Environ­
mental Services, Departm entof Health and 
Human Services, and Department o f Fish 
andG am e, 1989. “Interagency Report on 
the Shellfish Waters of New Hampshire." 
Concord, New Hampshire.

Nisbet, I.C.T. and L.M. Reynolds, 1984. 
“Organochlorine Residues in Common 
Terns and Associated Estuarine Organisms, 
Massachusetts, USA, 1971-1981." M arine  
E nvironm en ta l Research, Vol. 11, pp. 33-66.
Noble, D.G. andJ.E. Elliott, E nviron ­
m ental C ontam inants in  C anadian Seabirds,
1968-1984: Trends a nd  Effects. Technical 
Report Series No. 13, Canadian Wildlife 
Service, Ottawa, Ontario.
Rivard, D., W.D. McKone, and R.W. Elner,
1988. Resource Prospects fo r  C anada’s A tlan tic  
Fisheries, 1989-1993. Department of 
Fisheries 8c Oceans, Ottawa, Ontario.
Rubec, C.D.A., P. Lynch-Stewart, G.M. 
Wickware, and I. Kessel-Taylor, 1988. 
“Wetlands Utilization in Canada." Reprint 
from W etlands in  Canada, National Wetlands 
Working Group, Canada Committee on 
Ecological Land Classification, Polyscience 
Publications, Inc., Canada.
U.S. Environmental Protection Agency,
1989. Region I  N ear Coastal Waters Strategy. 
Draft February 1989, Region I, Boston, 
Massachusetts.
Widoff, L., 1988. M aine Wetlands Conserva­
tion Priority Plan. Maine Bureau of Parks 8c 
Recreation, Maine State Planning Office, 
Augusta, Maine.
Wilson, R.C.H., and R.F. Addison, (Eds.), 
1984. H ealth o f the Northwest A tlantic. 
D epartm entof the Environment, Depart­
m ent o f Fisheries 8c Oceans, Dartmouth, 
Nova Scotia.

Suggested Readings

Apollonio, S., 1979. The G u lf o f M aine. 
Courier-Gazette, Inc., Rockland, Maine.
Backus, R.P.,(Ed.), 1987. Georges Bank. MIT 
Press, Cambridge, Massachusetts.
Berrill, M., and D. Berrill, 1981. TheN orth  
A tla n tic  Coast: Cape Cod to N ew foundland. 
Sierra Club Books, San Francisco.
Bigelow, H.B., and W.C. Schroeder, 1953. 
Fishes o f the G u lf o f M aine. U.S. Fish & 
Wildlife Service.
Eaton, P.B., L.P. Hildebrand, and A.A. 
d ’Entremont, 1986. E nvironm enta l Quality in 
the A tla n tic  Region 1985. Environment Can­
ada, Environmental Protection Service, 
Atlantic Region, Dartmouth, Nova Scotia.
Doggett, L., and }. Sowles, 1989. M a in e ’s 
M arine Environm ent: A P lan fo r  Protection. 
Report to the 114th Uegislature, Maine De­
partment of Environmental Protection, 
Bureau o f Water Quality Control, Augusta, 
Maine.
Kelley,J.T., A.R. Kelley, and O.H. Pilkey, 
Sr., 1989. L iv in g w ith  the Coast o f M aine. 
Duke University Press, Durham, North 
Carolina.

62 THE GULF OF MAINE



Glossary

Aquaculture - the organized cultivation of 
marine plants and animals for human use 
and consumption.
Benthic-bottom-dwelling.
B iom ass- the weight o f all or selected living 
material in a unit area at a given instant in 
time.
Copepods - herbivorous, microscopic 
crustaceans on which many larger fish and 
other marine animals feed.
Cumulative Impacts-those impacts on the 
environment that result from the incre­
mental impacts o f an activity when added 
to the impacts o f other past, present, or 
foreseeable future activities.
Dem ersal- living on or near the sea bed.
Diadrom ous-fish that migrate between 
freshwater and saltwater to spawn (salmon, 
shad, striped bass, alewives, herring).
Ecosystem - a community of living plants 
and animals that interact with one another 
and their physical environment. The entire 
Gulf of Maine can be considered as a single 
ecosystem comprised o f many intercon­
nected ecosystems such as rivers, bays, 
estuaries, beaches, and islands.
E ffluent-any matter that enters the 
environm entfrom  a specific source; the 
term generally refers to waste water from a 
sewage treatment or industrial plant.
Estuary- any confined coastal water body 
which acts as a transition zone between 
fresh- and saltwater.

Eutrophication- an increase in the concen­
tration o f nutrients in bodies o f water due 
to natural causes, human influence, or a 
combination o f both; the resulting increase 
in productivity of aquatic plants depletes 
dissolved oxygen, reduces water quality, 
and kills aquatic organisms.
Gyre - a circular How of water.
N onpointSource- dispersed sources of 
pollution that do not enter the water at 
discrete or identifiable locations.
Pathogens - substances which cause disease.
PAHs-polycyclic aromatic hydrocarbons 
are cancer-causing substances that are 
released during the combustion ofwood  
and petroleum  products, and other 
materials. PAHs enter the aquatic environ­
ment through fallout, surface runoff, or 
industrial effluents.
PCBs- polychlorinated biphenyls; nonde- 
gradable liquids used in electrical trans­
formers, capacitors, adhesives, lubricants, 
etc. that are o f enviromental concern due 
to their wide dispersal, chronic toxicity, and 
their ability to accumulate in the food  
chain. PCBs are no longer manufactured, 
but are still in use.
P elagic-livingin  thewater column
Persistent-com pounds that are not readily 
degradable by physical, chemical, or 
biological processes.
Point Sources- direct discharge of pollut­
ants into the water by a single source of 
conveyance, such as a pipe from a sewage 
treatment plant or a factory.

Productivity-rate o f formation o f  organic 
matter averaged over some determ ined  
period o f time, such as a day or year.
Recruitment- number o f young annually 
added to a population.
Red T ide - the concentration o f certain 
toxin-producingdinoflagellates (micro­
scopic plankton) which contaminate filter­
feeding shellfish.
Salt Marsh - a saltwater wetland character­
ized by non-woody vegetation such as 
grasses and sedges.
Sublethal-below the concentration that 
directly causes mortality. Exposure to 
sublethal concentrations of substances may 
impact an organism by lowering its ability 
to fight disease, feed, reproduce, or escape 
predators.
Wetland - land in which the soil is saturated 
throughout the year and supports aquatic 
and semi-aquatic vegetation.
Zooplankton/Phytoplankton-m inute forms 
o f anim al/plant life which swim or drift in 
aquatic environments.
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