


Caover: Satellite image depicting phytoplankton pigment
distributions in the Gulf of Maine in Jure 1979. Colors
represent different levels of pigment as mg chl a m-3,
(Courtesy of Bigelow Laboratory for Ocean Sciences,

West Boothbay Harbor, Maine).
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Executive Summary

Peter Ralston/Island Institute

ECOGNIZING THAT THE
Gulf of Maine isa
common resource of

inestimable value to their residents,
the Provinces of Nova Scotiaand New
Brunswick, the States of Maine and
New Hampshire, and the Common-
wealth of Massachusetts have joined in
a cooperative effort to protectits
ecological integrity and the many uses
thatdepend uponits continued good
health.

The Gulfis a marine ecosystem de-
fined by currents and tides, nutrient
cycles, and the migration of marine
animals; it pays no heed to political
boundaries separating states, prov-
inces, or nations. The living marine
resources of the ecosystem may spend
partof their lives in coastal waters and
partin offshore waters, partin Cana-
dian waters and partin the waters of
the United States; many species of fish,
marine mammals, and birds lead
transboundary lives. Itisimportantto
remember thatenvironmental damage
in one partof the Gulf can be felt in
another and that a series of seemingly
negligible effects can be of major
harmful consequence in sum.
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This report was compiled to illus-
trate that the Gulf supportsdiverse, and
sometimes conflicting, uses; thatitisan
ecosystem that is best managed using
ecological principleswhichdo not “see”
political boundaries; that the sustained

use of the Gulf’s resources, not only by
present but by future generations, will
depend upon wise stewardship of the
Gulfenvironment; that cooperative ef-
forton the part of the bordering States
and Provinces will be required to pro-
tect the Gulf; and that prevention of
degradation is less costly, more effi-
cient, and more effective than remedial
programs.

The Gulf of Maine is of great worth
not only to the people of the Gulf
region who depend upon itfor eco-
nomic, aesthetic, and recreational
value, butalso to the many others from
outside the region who enjoy or profit
fromits resources. Among the most
productive bodies of water on earth,
the Gulf has nourished a thriving
maritime heritage for several centuries.

The growth of the human popula-
tion and consequentdevelopmentin
the Gulf region have resulted in a series
of insults to the Gulf environment.
Tons of raw and partially treated
sewage are discharged into the Gulf
each day. Industrial dischargesand
urban and agricultural runoffall
introduce toxic contaminantsand

bacteria to marine and estuarine
waters on a chronic, and at times
acute, basis. Increased fishing effort
has reduced fish stocks to all ime lows.
Coastal development has encroached
on environmentallysignificant marine
wetlands. Accidental spills of oil and
other toxic material place additional
stresses upon the Gulfenvironment.

Evidence of these stresses can be
found throughout the Gulf. Although
limited data exist to assess adequately
the environmental quality trendsin
the Gulf of Maine, the warning signs of
degradation are clear in research con-
ducted during the lastdecade:

— highlyindustrialized harbors such
as Boston and Saint John are seriously
degraded;itis unlikely that such places
will ever regain all of their natural
functions;
—relatively undeveloped embayments,
such as Penobscot Bay, exhibitelevated
levels of contaminantsin sediments;
—sedimentsin the deep basins of the
offshore Gulf of Maine contain low but
unnatural concentrations of toxins,
indicating that contaminants are being
transported throughout the Gulf.
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While the effects of such stresses are
not fully documented, natural proc-
esses in the Gulfare clearly being
affected:

— certain fish and shellfish exhibit
liver lesions, fin rot, and other signs of
environmental stress;

—the right whale, piping plover, and
other species of wildlife are endan-
gered ordeclining;

— populations of some commercially
valuable fish species depend upon an
increasingly limited number of year
classes, and some may not be repro-
ducing themselvesatall;

— health advisories have been issued
in several nearshore regions ofthe
Gulfto protect the public from the
hazards associated with swimming in
contaminated watersand eating
contaminated seafood.

Impactsin the Gulf are not just
ecological; coastal economiesare
affected by environmental degradation
in the Gulf:

— the Gulf’s fishing economy s in
precarious condition because of
declining fish stocks;

—several hundred thousands of acres
of productive shellfish habitat are
closed to harvesting due to sewage con-
tamination, resulting in serious loss of
livelihood;

— the public'sincreasing concern
regarding contaminated seafood may
be driving down the price of fish and
shellfish;

— loss of traditional harvesting jobs
has affected the characterand econo-
mies of coastal communities whose

fundamental heritage is maritime.

Of greatestimportance for the
future is the knowledge that the Gulf
of Maine can be protected. While
warning signs of environmental
deterioration are evident, much of the
Gulfremains healthy. Preventive
action, however, will be required to
maintain the environmental quality of
the Gulf, aswell as to reverse all trends
toward degradation noted in this
report. Now is the time to explore op-
portunities to ensure the continued
viability of the Gulf'and its many uses.

The Gulf of Maine must be man-
aged asan ecosystem rather than asa
series of political jurisdictions. A
cooperative environmental strategy is
required todirecta Gulf-wide monitor-
ing effort, to provide for pollution
abatementand control, and to pro-
mote the sustainable use of living
resources.

A broad-based understanding of the
ecological and economicvalues of the
Gulfis essential for the improved
stewardship of the Gulf. A public
education effort, including public

participation programs, curricuium
supplements, films, and educational
literature, willimparta greater sense of
environmental responsibility among
the public and generate support for
environmental planning.

Effective managementof the Guif
will require ongoing cooperative
research on the structure and function
of the Gulf ecosystem, as well as on the
effects of pollution, habitatloss, and
otherstresses,

This report is a first step in a multi-
lateral endeavor to improve environ-
mental managementof the Gulf.
While provincial, state, and federal
governments are taking thisfirststep,
the assistance of industries, municipali-
ties, conservation groups, and individ-
ual citizens will be required if this
initiative is to be successtul. An
unparalleled opportunity still exists to
preserve and enhance the Gulf of
Maine and its many uses: now is the
time to work together to protect this
invaluable resource.

THE GULF OF MAINE 5
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Preface

. ECOGNIZING THAT THE
Gulf of Maine is a

| common resource of
inestimable value to their residents,
the Provinces of Nova Scotia and New
Brunswick, the States of Maine and
New Hampshire, and the Common-
wealth of Massachusetts have joined
togetherin a cooperative effort to
protectthe ecological integrity of the
Gulf of Maine and the many uses that
depend upon its continued good
health.

This report was compiled to illus-
trate that the Gulf supports diverse and
sometimes conflicting uses; thatitisan
ecosystem that must be managed using
ecological principleswhich “see”no
political boundaries; that the sustained
use of the Gulf’s resources, not only by
ourselves but by future generations,
will depend upon ourwise stewardship
of the Gulf environment; that coopera-
tive effort on the part of the bordering
statesand provinces will be required;
and that prevention of further degra-
dation will be much less costly, more
efficient, and more effective than
remedial programs.

This reportis a first step in a multi-
lateral effort to improve environmental
management of the Gulf. While
provincial and state governments are
taking this first step, the assistance of
industries, municipalities, conservation
groups, and individual citizenswill be
required if this initiative is to be a suc-
cess. Anunparalleled opportunity still
exists to preserve and enhance the
Gulf of Maine and its many uses: now
is the time to join together in protect-
ing thisinvaluable resource.

THE GULF OF MAINE 7






Introduction

HAT IS THE GULF
of Maine? Itis many

et things: asemi-enclosed

sea, almost entirely cut off from the
northwestern Atlantic ocean by under-

ater banks; a marine ecosystem,
comprised of acomplex web of nutri-
entcycles, food chains, and energy
flows; a source of economic livelihood
for many, from fishing to tourism; and
a bond between Canadians and Ameri-
cans, whose common dependence
upon it is the basis for a rich and long-
standing maritime heritage.

The Gulf of Maine is a resource of
unparalleled value forall who border
itsshores. Itsliving resources, among
the most productive in the world, sup-
ported native North Americans and,
later, European settlers, Until they
were restricted in the 1970s, foreign
fishing fleets came from across the
world to harvest the abundantsupply of
fish from Gulf waters. From trawling
with highly sophisticated technology to
digging clams with arake, fishing
directly supports thousands of the
region’sinhabitants while fish process-
ing, shipping, selling, and fish prepara-
tion supports many hundreds of
thousands more.

While fisheries remain the backbone
of economic activity in the Gulf, newer,
non-consumptive uses of the Gull™s
resources are fast growing. Sailing,
whale watching, and simplywalking on
the beach are among the many acrivi-
ties that now attract millions from near

Peter Ralston/Island Institute

and far to the shores of the Gulf, sup-
porting a burgeoning tourist economy
in the Gulf region. Aquaculture, the
farming offish and shellfish, hasalso
demonstrated its economic potential
in the Gulf, where clean and rich
walers provide an ideal environment
for the husbandry of marine creatures.

But the Gulf is worth much more to
us than its value in economic terms.
Millions are attracted to its shores to
live. Recreational opportunities, di-
verse and beautiful scenery, open
space, abundantwildlife, and the sense
ofawilderness relatively untrammelled
by man all add to the exceptional
quality of life experienced by residents,
whether they live on the shore ornot.
The vitality of the Guif environment is
reflected in our own lives; we are
enriched by the successful migration of
asalmon, the dance of sunlight on the
sea, and the grace ol a shearwater as it
skims the waves.

Today, evidence isaccumulating
that the health of the Gulf may be at
risk. Pollution, habitat destruction,
and overuse of resources pose threats

to the ecological integrity of the Gulf,
once thought to be immune from deg-
radation. Trace amounts of toxic con-
taminants have been detected in the
deepest parts of the Gulf; some
industrialized harbors exhibit excep-
tionally high levels of contaminants,
and lesions associated with contamina-
tion have been found in some fish,
Throughoutthe extent of the Gulf’s
shoreline, sewage pollution has
resulted in the closure of thousand of
acres of productive shellfish flats; some
swimming beaches have also been
closed; commercial fish stocks are at
an all time low; and several species of
wildlife are endangered due to loss of
habitat. Much of the degradation
apparentin the Gulfis the cumulative
result of a series of events. We cannot
pointat one oil spill, one industrial

THE GULF OF MAINE 9
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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. This 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 submerged plateaus of Georges Bank and Browns Bank and are isolated by temperature and
salinity differences from the rest of the Atlantic. For the majority of its perimeter the Guif is surrounded
by land — three New England states and two Maritime provinces.

discharge, or one development project
to explain this evidence of environ-
mental harm. While the loss of one
wetland may have a negligible impact
on the whole system, the cumulative
impact of extensive wetland loss, which
has occurred and continues to occur in
the Gulfregion, can have adeleterious
effecton the functioning of the entire
ecosystem. While there is insufficient
data to assess the overall threat to the
Gulf, adisturbing pattern is emerging:
as more people crowd the shores of
the Gulf, more degradation appears to
be occurring. The evidence noted
above must be taken as an early
warning sign: now is the time to act to
preserve and protect the Gulfand the
importantrole it plays in our lives.
Many think of the seaas an inde-
pendentenvironmentunatfected by
the land, but in fact, the Guifand the
land thatsurroundsitare closely
linked. The cycle, in which water is
evaporated from the surface of the sea,

deposited upon the land in the form of

snow or rain, and carried back again to
the ocean, links land and sea. Water
returning to the sea carries with ita
load of sediment, organic matter, and
nutrients. Productivityin the Gulfis
greatly enhanced by thisintroduction
of terrestrial nutrients. However, itis
the same returning water that carries
life-giving nutrients that also fre-
quently ushersin a host of damaging
contaminants and wastes generated by

human activities. Thus, the health of
the Gulfis closely tied to the terrestrial
environmentthatsurroundsiton
three sides-especially to the activities
of those who live and work on its
shore. As the population of the Gulf
region grows, greater and greater
demands are placed upon the Gulf’s
ecosystem: developmentactivities alter
ordestroynatural habitats and
processes, more sewage and industrial
waste are generated, and more
resources are harvested. Ironically, as
we are drawn to the natural resources
of the Gulfand become dependent
upon them, we simultaneously
threaten the Gulf’s continued viability.
The Gulfis a marine ecosystem
defined by currents and tides, nutrient
cycles, and the migration of marine
animals; its natural processes pay no
heed to political boundaries that
separate states, provinces, or nations.
Many species of fish, marine mammals,
and birdsinhabiting the Gulf region
lead transboundary lives, spending
part of their life cycle in coastal waters
and partin offshore waters, partin
Canadian waters and partin the waters
of the United States. Even sedentary
speciessuch as clams and barnacles
rely on currents that circulate in the
Gulfto ensure the dispersion of their
young. Threats to the Gulf environ-
mentalsoignore political boundaries;
contaminants move with windsand
watersregardless of political jurisdic-
tions. The loss of a particular habitat

can affect the Gulf-wide occurrence of
aspecies that relies upon it. Itis
important to remember thatenviron-
mental damage in one part of the Gulf
can be feltin another and that a series
of seemingly negligible effects can be
ofmajor harmful consequence in sum.

The continued health and in-
creased use of the Gulf’s resources
requires us to manage itas a marine
ecosystem, not as anumber of separate
and competing entities. The Gulfl
cannot be successfully utilized and
protected on a piecemeal basis. We
share the responsibility for sustaining
the bounty of the Gulf's resources now
and for future generations.

How s thatresponsibility dis-
charged? Itrequires sincere commit-
mentofgovernments, industries,
citizens — in short, all of us. The
etfort will demand change, in some
cases major adaptation, butnone
greater than facing the impact of
serious environmental degradation
that would result if present trends are
allowed to continue. Changes will
occur as a result of choices - choices
that we make in our everyday lives,
choicesabout how we use our natural
resources and how we dispose of our
wastes. As we commil ourselves to
assessing our role in the use and
degradation of the Gulf, we will begin
to understand our responsibility forits
wise stewardship and protection.

THE GULF OF MAINE. 11






o CHAPTER ONE B

The Gulf as an Ecosystem

! HE GULF OF MAINE

‘ ecosystem is made up
of adiversity of marine
habitats tied together by ocean currents
cireling the waterbody. The combined
productivity of seaweeds, salt marsh
grasses, and phytoplankton isas great as
any comparable area in the world, and
provides the foundation of the Gulf’s
biological abundance.

GrOLOGIC HISTORY

Fifteen million years ago the area where
the Gulf of Maine is now located was a
gentlysloping, submerged platform
similar to the continental shelf off the
mid-Atlantic states today. Later, the
region was exposed as dry land and
croded by streams, which carved out the
basin that eventually became the Gulf
and created the deep incision thatis
now the Northeast Channel. Glaciers
covered the region during the last one
to two million years, further scouring
out the Gulf of Maine basin and
depositing outwash to form Georges
Bank.

When the last of the glacial ice re-
treated about 13,000 years ago, sealevel
was much lower than at present.
Georges Bank was exposed as dry land,
first as a cape extending from the main-
land and then as an island. Georges
Bank and the depressed mainland were
flooded when the glaciers melted and
retreated to the north. About 12,500
years ago, the site of what is now Port-
Jand, Maine was under at least 160 feet

Maine Critical Areas Program

Maine Critical Areas Program

(50 meters) of water and the sea
reached as far as 60 miles (100 kilome-
ters) inland from the present coastline.
Since then, sea level has fallen, butis
now rising again at a rate of about one
foot (30 centimeters) acentury.

Today, water depthsin the region
vary from 1,237 feet (377 meters) in the
deepest basin of the Gulf to 761 feet
(232 meters) in the Northeast Channel,
to as shallow 13 feet (4 meters) on the
crest of Georges Bank. Between these
extremes, the seabed is characterized by
adiverse collection of ridges, banks,
gorges, and deeps, and is covered by
sedimentsvarying from bedrock to
sand, gravel, shell, and mud.

The coastline of the Gulf of Maine

reflects the geologic history of the re-
gion-smooth and beach-lined or in-
dented and rockbound, dependingon
the hardness and texture of the
bedrock, where the glaciers deposited
their loads of sediments, and how the
sediments have since been reworked.
The southern coast of the Gulf of
Maine, between Cape Cod, Massachu-
setts, and Cape Elizabeth, Maine is
characterized by long sandy beaches,
soft cliffs and bluffs, and an occasional
rocky headland. There are numerous
barrier beaches protecting extensive
saltmarshes lying behind them.

THE GULF OF MAINE 13



SCALE
[ 50 10
0 0 wp ™ 4
®r Mip by Richard 2. Kelly Ir., Meine State Planxing Offize, 959, e Appolenio, 1974
7 3 E w o B & &

Water Circulation on the Gulf of Maine

Some water breaks away from the counter clockwise Gulf of Muoine gyre off the western lip of Nova Scotia and
flows into the Bay of Fundy. Water flows back into the Gulf on the Bay's northern edge. Waler also breaks off
the Gulf current on its southern edge to join the current circling Georges Bank. Waler that does not complete

the cirenit avound Georges Bank spills off into the Novtheast Channel or flows seuth to the mid-Allantic.

Annual Production Estimates for Various Shelf Ecosystems

Mid- Atlantic Georges Gulf of Scotian North Bering
Trophic Level Bight Bank Maine Shelf Sea Sea
Primary
Produciion 3,108 3,342 2,666 2,280 2,280 1,824
Zooplankton 357 487 574 411 400 307
Benthos 210 111 98 82 125 149
Fish and Squid
Early 1960 32 86 32 34 297
Early 19705 25 52 26 21 24 61
(keal/m?)

Sherman et al, 1988
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Between Cape Elizabeth and Passa-
maquoddy Bay at the mouth of the Bay
of Fundyisan extraordinarily rugged,
indented, rockbound stretch of coast.
In the many bays, coves, and inlets are
thousands ofislands and ledges. Much
of this coast lacks the sediment
necessary for sand beaches or salt
marshes to develop because the
exposed bedrockis primarily granite
and erodes very slowly. Often referred
toasadrowned coastline, the present-
dayshoreline evolved when rising sea
levels flooded prehistoric river valleys.

The Bay of Fundy was shaped pri-
marily by faulting and subsequent
erosion by the glaciers. Itis known for
its extreme tidal range which can be
up to 50 feet (15 meters). The
shoreline of the Bay is characterized by
red sandstone cliffs and hard volcanic
rocks. Swiftridal currents erode the
softer headlands, providing sediments
to the floor of the Bay and the im-
mense mudflats that occur in some
places.

OCEANOGRAPHY

Two currents dominate water circula-
tion in the Gulf of Maine region: a
counter clockwise gyre in the Gulfand
an adjacentclockwise gyre over
Georges Bank. Several factors contrib-
ute to the Gulf of Maine gyre. These
include the spring runoff from the
region’srivers, daily tides, inflow
around southwest Nova Scotia of water
originating in the Gulf of Saint



Estuaries are a critical source of
nutrients for the Gulf of Maine
ecosystem.
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ecosystem.

Across the Gulf there are enormous
variations in temperature, salinity,
density, and nutrient contentof the
water, depending on location, time of
year, and water depth. Nutrients tend
to become trapped in deeper waters.
Where tides, currents, and bottom to-
pography combine to induce mixing of
bottom and surface waters, biological
productivityis highest. In estuaries
and certain offshore areas, usually near
underwater banks, verticalupwelling
brings cold, salty, nutrient-enriched
bottom water to the surface. Offshore
arcas known to be strongly affected by
vertical mixing include the area off the
southwestern coast of Nova Scotia
between Cape Sable and Yarmouth,
and off the Maine coast from Grand
Manan Island south as far as Matinicus
Island. Deep water from the Gulf of
Maine, pushed onto Georges Bank, isa
source of nutrients for the highly
productive Bank. Many estuaries are
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doubly enriched; rivers carry nutrients
washed off the land downstream

to their mouths, where they mix with
upwelling deep ocean water.

The primary producers thatare the
foundation of the Gulf of Maine’s
biological abundance include single-
celled plants, called phytoplankton,
and macroalgae, or seaweed. Inspring
and summer, when nutrients abound
in sunlitwaters, phytoplankton bloom
in huge numbers. In the offshore
waters of the Gulf, the areas of highest
productivity occur over the central
portion of Georges Bank, with the
lowest levels of productivity found in
the deep waters of the Gulf of Maine
and along the southern edge of
Georges Bank. In comparison with
other shelf ecosystems, all of the Gulf
of Maine region has high primary pro-
ductivity levels,

Seasonal phytoplankton blooms are
followed by population explosions of
zooplankton, microscopic animals that
graze on the phytoplankton. The
dominantcomponent of the zooplank-
ton community are copepods, the prin-
cipal food for larval fish. This cycle
forms the base of the flourishing food
chain that sustains the fish, marine
mammals, and birds of the Gulf.

HARITATS OF THE GULF

Variations in tidalenergy, nutrient
availability, ocean currents, and
sediment type combine to produce the
composite of habitats thatis the Gulf
ecosystem.

Estuaries, where fresh river water
mixes with the salty ocean, are exceed-
ingly productive habitats, serving asan
importantlink in the Gulf ecosystem.
Seasonal phytoplankton blooms make
estuariesa desirable nursery for the
planktonic larvae of many benthic
invertebratessuch as worms, mollusks,
and crustaceans, as well as for juvenile
fish. The region’s estuaries are
thought to be vital at some life stage to
about 70% of the fish species of
commercial interestalong the Gulf
coast.

Salt marshes and tidal flats are
characteristic featuresof the region’s
bays and estuaries. Mud flats occurin
shallow and protected waters, and
develop by deposition of fine sedi-
ments. Where flats are shallow enough
inslope for emergent plants Lo grow,
the upper portions develop into a salt
marsh. Wetland plants provide food
and cover for both marine and terres-
trial organisms, trap sediments and
anchorsubstrate, and add nutrients to

THE GULF OF MAINE 15
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Maine Critical Areas Program

Razorball auks on Old Man Island off Cutler, Maine

Rocky intertidal shores are one of
the most characteristic features of
the Gulf shoreline, and comprise an

expansive habitat because of the

region’s large tidal range.

the system through decomposition.
Small invertebrateslive in the mud and
creeks of salt marshes and are con-
sumed by fish, crustaceans, and
breeding and migrating birds. Terres-
trial mammals such as raccoons, foxes,
and mink also feed in or near salt
marshesand exposed tidal flats.

The non-estuarine habitats of the
nearshore Gulf of Maine -beaches,
rockyintertidal shores, nearshore
subtidal areas, islands, and offshore
areas also play important roles in
sustaining the ecosystem.

R()(:ky intertidal shores are one of
the most characteristic features of the
Gulfshoreline, and comprise an ex-
pansive habitat because of the region’s
large tidal range. Like beaches, they
are usually high energyenvironments
that only certain organisms can
tolerate. The plantsand animals that
live on rocky shores, including rock-
weed, barnacles, periwinkles, and
mussels, have adapted means of
adhering to hard surfaces. Other
animalssurvive by living in crevices
and tide pools.

The Gulfshorelineincludesagreat
number and variety of beaches-sand,
gravel, cobble, and boulder. Animals
that live on beaches are adapted to a
constantly shifting world. Microorgan-
ismsand tinyinvertebrates living
between sand grains and a burrowing
crustacean are the dominant organ-
isms of the region’s sand beaches. Surf
clams are one of the few larger



Fisheries & Oceans Canada

organisms making their home on the
subtidal portions of sand beaches,
Razor clams and quahogs are common
in the sandier fMlats, while soft shelled
clams and marine worms can be found
in mudflats. Many shore birds are
especiallywelladapted to capruring
the small animals living on beaches
and flats.

More than 3,000 islands dot the
periphery of the Gull of Maine. Sandy
barrierislandsare common in Massa-
chusetts, such as Monomoy, off Cape
Cod, and Plum Island, north of Cape
Ann. However, the vast majority are
rocky outcrops of varying sizes, many
located along the Maine coast. Islands
support a multitude of nesting sea-
birds, seals, and shellfish. Due to
geographicisolation, islands often
have unique vegetative communities
and rare plant species.

The shallow marine subtidal habitat
contributes to the productivity of the
Gulf ecosystem in several ways. Itis
home to avariety of macroalgae,
including kelp and eel grass; their
distribution isdependent on bottom
substrate and penetration of sunlight.
Marine organisms find food and
protectionin these seaweed beds.
Organisms common to the subtidal
habitat of the Gulfinclude sea urchins,
starfish, and sand dollars - favorite
finds of people exploring tidepools.
Seascallops, winter flounder, and
lobster, all of commercial importance,
are found both in nearshore subtidal

areas, as well as along the bottom of
offshore waters. Some animals migrate
inshore in summer to reproduce in the
relativelyrich and temperate waters of
the shallow subtidal area. Others, such
as shrimp, migrate inshore in the
winter to reproduce.

Theabundance of commercially
valuable fish has made the offshore
habitat of the Gulf of Maine famous on
both sides of the Atlantic. Productive
waters over submerged offshore banks
sustain a variety of marine life - benthic
invertebrates, fish, marine mammals,
and birds.

Fisu

The Gulf of Maine region supports
hundreds ofspecies of fishand
shellfish. The fish can be described as
one of two types: pelagic, or those rhat
live in the water column, or demersal,
those that live on or near the seabed.
The more common pelagic fish of the
Gulfregion include sharks, herring,
menhaden, capelin, mackerel, bluefin
tuna, swordfish, and bluefish. Most of
the pelagic fish have definite seasonal
movements, usuallyin response to
changing water temperature, Some
move between inshore and offshore,
others migrate north to the Gulf
region as the water warms each
summer.

Demersal fish, often called
groundfish, include cod, haddock,
hake, pollock, whiting, and cusk, as
wellas the flatfish, including halibut

Tidal extremes at Halls Harbour, Nove Secotia in the Bay of Fundy.

and the flounders. The distribution of
demersal fish is affected more by the
substrate of the bottom than by
changesin temperature. Some of
these fish are found exclusively on the
bottom, feeding on benthic organisins,
while others are found both along the
bottom and in the water column.
Otherdemersal organisms of commer-
cial value include northern shrimp,
squid, lobsters, crab, and sea scallops.

Some general observations can be
made about the spatial distribution of
fish across the Gulf region. In the
inshore Gulf, cod, haddock, blackback
flounder, and other floundersare
predominant. In the deep water Gulf,
the principal species are American
plaice, witch flounder, redfish, white
hake, and cusk. In central Georges
Bank, cod, haddock, blackback and
yellowtail flounders, and pollock are
dominant. On the Northeast Peak of
Georges Bank, seascallops are domi-
nant, with seasonal abundances of
groundfish such as cod and haddock.
Some fish stocks undertake seasonal
movements, crossing the boundary
between the United States and Can-
ada.

Sea herring and menhaden are
seasonallyabundant throughoutthe
Gulfregion, particularly in nearshore
waters. Spawning stocks of herring
occur off southwest Nova Scotia, along
the coast of Maine, and on Jeffreys
Ledge and Nantucket Shoals; a
rebuilding stock exists on the northern
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FEider ducks

edge of Georges Bank. These stocks
mix and are found throughout the
Gulfregion at various times of the
year.

MavmaLs

More than 18 species of marine
mammals are presentin the Gulf of
Maine at some time during the year.
Spring is the season of highest abun-
dance forwhales, dolphins, and
porpoises, coinciding with the period
of the greatest annual upwelling in
Gulf waters. Georges Bank serves asa
major feeding area and nursery, and
also as a “refueling” site for some
species migrating through to the Gulf
of Maine, Bay of Fundy, Scotian Shelf,
and otherareas. Overallnumbers de-
cline in the winter, as many species
migrate back to southern breeding
grounds, sometimes as far as the West
Indies (e.g., humpback whales).

The Gulf of Maine provides critical
habitat for the northern rightwhale,
the most endangered of all the marine
mammals found in the region. Be-
tween April and July, these animals
concentrate around Nantucket Shoals
and the Great South Channel, west of
Georges Bank, and they are found at
the mouth of the Bay of Fundy from
late summer into the fall. Females
winter and give birth to young off the
coast of Georgia, but the males’
wintering areasare uncertain,

The Gulf of Maine provides critical
habitat for the northern right whale,

the most endangered of all the marine
mammals found in the region.

Biros

The varied habitats of the Gulf of Maine
are breeding and feeding grounds for a
huge abundance and diversity of birds.
Shorebirds find food in the mudflats
and sand beaches of the Gulf as they
migrate between theirArctic breeding
grounds and southern areas. Sander-
lings, semipalmated sandpipers, short—
billed dowitchers, and black-bellied
plovers are especially common. The
piping plover and least tern are the only
shorebirds thatnestcon the sand
beaches of the Gulf.

Great blue herons, osprey, and bald
eagles feed and breed in and near the
Gulf's estuaries. Herons feed on
crustaceans and small fish in the
shallows and usually breed in large
rookeries on islands or on the edges of
swamps or marshes. Osprey feed and
huntin the quiet waters of bays and
estuaries, and usually nest nearby.
Eagles mate for life and usually nest
high in a live tree.

The Gulf's shallow subtidal habitat
supplies food for diving ducks, includ-
ing eiders, buffleheads, goldeneyes,
scoters, oldsquaw, and mergansers. Al-
though only eiders breed in the Gulf
region, most of these ducks spend all
but the breeding season along the
shores of the Gulf, feeding on small fish
and invertebrates.

Chris Ayres

All seabirds breed on coastal islands
orprotected promontories. Some, like
puffins, shearwaters, auks, and petrels,
live at sea except when breeding. Early
settlersand fishermen looking for food,
bait, and feathers decimated populations
of some seabirds by the end of the
1800s. Seabirds are now protected by
law and their populations are recover-

mng.

Concrusion

The Gulfof Maire ecosystem is com-
prised ofaseries of interconnected
habitats, forming the basis of human
economic activity in the Gulfregion.
People who live on the shores of the
Gull of Maine have long appreciated its
biological wealth. Many have nourished
themselves and made a livelihood from
its bounty. However, the sustained use
of the Gulf's resources will require new
attention to their management.
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The Value of the Gulf of Maine

HROUGHOUT HISTORY,
the Gulf of Maine has

been mostwidely known
and most consistendy valued for its fish-
ery resources. As early as 5,000 years
ago, prehistoric peoples fished the Gulf
in dugout canoes for cod and haddock.
European explorersdiscovered the
Gull's wealth in the 1500s and returned
year after year to harvest fish and carry
their catch back to Europe. In the last
half of this millenium, permanent
inhabitants settled near the Gulf,
making their livelihvod Irom the wealth
of natural resources in the region. As
we approach the 21stcentury, these
resourcesstill figure prominently in the
lives and economy of Gulfresidents.

FisHING

The Gulf of Maine supports nearly
20,000 fishermen, fishing approximately
300 Canadian and 1,350 American
boats, as well as about 4,000 lobster
boats between the two countries. In
1988, landings for the region totaled
nearly 1.2 billion pounds (529,000
metric tons), worth approximately $650
million U.S. ($798 million C).

The fishing industry supports many
more people than just the fishermen
themselves; almostan equal number
work at fish processing jobs. Thousands
of others are employed building and re-
pairing boats, selling fuel and supplies,
and buying and selling fish. In some
commuritiesalong the southwest coast
of Nova Scotia, approximately 75% of

Peter Ralston/Island Institute

Peter Ralston/Island Instituse

Salmon agquaculiure operation in Eastport, Maine

the population isdirectly dependent
on commercial fishing. The annual
value of the fishing industry to the
regional economyis as much as three
times the value of the fish landed -
approximately two billion dollars,

In 1977, both Canada and the
United States extended their fisheries
management jurisdiction to 200 miles
offshore. Fishing by foreign vessels,
which had been intensive in the
region, was largely precluded.

Fishing in the Gulf of Maine and on
Georges Bank hasdoubled sinee 1977
as 1.8, and Canadian fishermen have
intensified their effortin order to

take advantage of exclusive rights to
fish stocks.

When Canadaand the United States
extended their jurisdictions, both

nations claimed Georges Bank. Ar-
tempts Lo negotiate afisheries agree-
mentallowing mutual access to
Georges Bank failed. In October 1984,
the International Court of Justice
decided on a boundary line that
divided jurisdiction over Georges Bank
between the two countries. Canadian
[andings have increased since gaining
exclusive accessto the rich groundfish
and scallop grounds on the Northeast
Peuak of Georges Bank.
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Many new marine resource
harvesting and cultivating
ventures are being initiated.
Among 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
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The rise in Canadian landings, iy weight, sinee 1984 probably can be attributed to gaining exclusive access
io the Northeast Peak of Georges Bank after resolution of the international boundary dispuute. The decrease in
U.S. landings reflects a deerease in groundfish stocks, as well as loss of 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. calch is unceriain; it mey veflect that the majority of Canadian fish is frozen while U.S.
Sish is sold fresh. In addition, valuable shellfish species make o greater proportion of the total catch in the

LS. than in Canada.

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

Although stocks of traditionally
fished speciesappear to be dwindling,
new markets have arisen for previously
underutilized species such as pollock,
hake, and cusk. Many new marine re-
source harvesting and cultivating ven-
turesare being initiated. Among these
are the harvesting of sea urchins and
scaweed, and the cultivation of fish
and shellfish.

The sea urchin fishery in Maine has
grown over the last couple of years Lo
an estimated annual value of twoto
three million dollars (U.S.) in 1988.
Most sea urchins are harvested by
diversand exported to Japan where
the roe is considered a delicacy.

In Nova Scotia, the seaweed harvest
tripled between 1985 and 1988,
growing from 15.4 million pounds
(7,000 metric tons) to 55 million
pounds (25,000 metric tons). Rock-
weed and [rish moss are processed into
thickeners for food and industrial uses.
Itislikely that seawecd harvesting will
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Trout Mussels Oysters

Total Value

Quahogs by State ‘

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

3,850 tons/3,500 mT|

$43 million (C) [

30 wons/27 mT
$252.033 (US)
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Total Vaiue
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$40.21 (US}
$49.5 (C

|
Nk

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

1,295 1ons/ 1,166 mT
$740,000 (US) ‘
$910,200 (C) ,

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

)

'S)
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22 tons/ 198 mT 2,945 tons2,666 mT [ 67 tons/331

$1.12 (US)
$1.38 ()

$2.37 (LS) '

$2.91 (C) $1.02 (C)

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

expand into other areas of the Gulf
because these plants flourish
throughout the Gulf's expansive
rocky intertidal habitat.

Although a variety of fish and
shellfish rearing projects have been
attempted in the Gulfregion over the
last century, it was not until the 1970s
that more intensive efforts were
initiated. In the 1980s, the aquacul-
ture industry has expanded greatlyand
further growth is projected in the next
decade. Currently, there are aquacul-
ture operations in all of the Gulf juris-
dictions, raising primarily Atlantic
salmon, rainbow trout, mussels,
oysters, and quahogs. The culture of
seascallops, bay scallops, halibut, and
bait wormsisalso being investigated.
Over 200 leases or grants have been
given to individuals or companies to
raise finfish and shellfish in Gulf waters
oron the seabed.

Recreational fishing is popularin
the Gulf of Maine and generates
significant economicactivity. The
fisheryin New Brunswick and Nova
Scotiaislargely for Atlantic salmon
caughtin coastal rivers. New Brun-
swick estimates this fishery, alongits
Bay of Fundy shore, to be worth three
to five million Canadian dollarseach
}’G&l".

In the New England states there

were at least9Y million recreational
saltwater fishing trips made in 1985,
These trips resulted in an estimated
catch of more than six million fish in
Maine, one half million in New
Hampshire, and over 153 million in
Massachusetts. The principal species
caughtwere mackerel and cod, as well
as flounder, pollock, and bluefish.
Massachusetts estimates that nearly
790,000 saltwater fishermen spent $803
million (U.S.) in the state in 1987,

250 tons/ 226 mT ‘ 8,000 tons /7,200 mT
$550,000 (US)
$676,5000 (C)

2 wons/ 1.8 mT
$5,500 (US)
$6,765 (C)
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1 ﬁ'ﬁ() l[']l'IH/I 500 m'[‘ ‘ 55 tons/50 mT
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$0.83 (US) |
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$3.75 million (C)

i
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356.93 (US)
$70.1 (C)

ToURISM

Seaside resortson Cape Cod, in New
Hampshire, southern Maine, and Bar
Harbor became popularin the mid
1800s,and were frequented by the
wealthy families of Boston, New York,
and Philadelphia. Transportation im-
provements, particularlyrail service
and later the construction of highways,
enabled more people to escape from
the cities to vacation along the coast.
Changing socio-economic conditions
following World War II led to in-
creased leisure time and income - and
Lo Mmass tourism.

Today over a billion people come to
the Gulf of Maine coast each year to
enjoy the pristine environment, the
varied land and seascapes, the cultural
and historical attractions, and the
many recreational opportunities the
Gulfhas to offer. In 1988, approxi-
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Tourism Nova Scotia

Tourism Nova Scotia

Passenger ships are not as common as they once were; however fervies still provide a link to the mainland for the many istand communilies of the Gulf, as well as

between Nova Seotia and New Brunswick. Each year approximately 100,000 people travel by Jerry between Canada and the U.S. The Scotia Prince, aboue, 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 Gulf ports in 1988

Whale watching is a growing activity in the Guif 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 feffrevs Ledge
and Stellwagen Bank areas in search of whales. Revenues in 1936 from whale walching operations in the
southern Guldf of Maine are estimated al $16 million U.S.
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mately 4.5 million people visited
Acadia National Park in Maine, an
increase [rom 3.3 million visitors in
1980, making it the second most visited
national park in the United States.
Cape Cod National Seashore atiracted
5.2 million visitors in 1988, up over
one million people since 1980. Fundy
National Park has held relatively
constant at between 650,000 to over
700,000 visitors over each of the last
tenyears.

Second home developmentis
increasing, as more people seek the
quality of life provided by a home on
the coast. Although summer houses
have been common along the shores
of the Gull for the last century, the
building boom of the 1980s dramati-
cally increased the number of second
homes between Cape Cod and mid—
coast Maine.

Tourism is big business in the Gulf
of Maine; itis a major contributor to
state and provincial economies.
Touristdollars are an important



source of revenue to coastal towns,
many of which have shifted from
fishing-based to tourism-based econo-
mies. The tourism industry on Cape
Cod accounted for $1.5 billion (U.S.)
in 1985, representing 75% of the

Cape’seconomy.

QuaALITY OF LIFE

The value of the Gultin terms of
enhancing the quality of life in the
region isnearlyimpossible to measure,
but this factor is very important in
generating economic activity. People
like to live near the ocean. A recently
published survey ol homebuyersin
Maine found that 73% preferred an
ocean view. Few people can afford to
live on the water, but many want to live
near the coast because theyare
enamored of the characterofthe
region’s coastal fishing communities,
its workingwaterironts, and the rural
areaswhere open space and farmland
characterize the shorefront.

The region’'s high quality of life,
augmented by its ties to the Gulf of
Maine, is a recognized asset. Arecent
study by the Eastern Maine Develop-
ment Corporation found that 69% of
the 400 chiefexecutives they surveved,
representing ncarly 70% of the state’s
businesses, believed quality of life to be
the mostsignificant advantage toa
Maine businesslocation. People are
maoving to parts of the Gulf region in
unprecedented numbers. Arecent
forecast predicts that the metropolitan

Peter Ralston/Island Institute

People are moving to parts of the
Guif 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.

Jownt ventures ave a new trened in fish processing in the Gulf of Maine. American and Canadian vessels caleh

Jish that ave offloaded onto foreign vessels. In recent years, Massachusetts and Canada have had firocessing
agreements with East Germany and the Soviet Unaon for herving. Sinee 1988, Maine has had processing

agreements with the Soviet Union for menhaden.

area defined by seacoast New Hamp-
shire and southern Maine is one of
fourin the U.S. that will double in
population between 1985 and 2005,

SHIPPING
In the 1800s, ships carried salt cod,
lumber, and granite from New Eng-

land and the Maritimes across the Gulf’

of Maine to destinations in other parts
of the U.S. and Canada, as well as to
foreign ports, bringing back sugar, tea,
and rum. Although the cargo has
diversified, shipping, particularly of
petroleum products, continues to be
an important use of the Gulf.

ENERGY AND MINERAL EXPLORATION
Over the last thirty years, there have

been a number of proposals to drill for

oil and gas in the Gulf region. In 1981
and 1982, five American companies
drilled eight wells on Georges Bank,
but oil and gas were not found in

exploitable quantities. However,
petroleum has been found near Sable
Island, Nova Scotia to the east of the
Gulf. Arpresent there is oil industry
interestin proceeding with oil and gas
exploration on both the U.S. and
Canadian parts of Georges Bank, but
concerns about the potential environ-
mental impacts of drilling operations
have slowed any specific plans. Re-
source estimates for the region have
varied enormously. The U.S. Depart-
ment of the Interior estimates thata
portion of Georges Bank may be
underlain by 20 million barrels of oil
and (.5 trillion cubic feet of natural
gas. Canadian Oiland Gas Lands
Administration estimates foran
adjacentarea are much greater-one
to two billion barrels of oil and five to
ten trillion cubic feet of gas. The Gulf
of Maine proper hasnever been
considered a good prospect for oil and
gas, but some interestin the Bay of
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Tourist and residents enjoy one of the Gulf's many sandy beaches.

Tourism in the Guif Of Maine

Direct+Indirect
# Jobs

# Non-resident
Tourists/Year

Tourist Expenditures
{millions)

Massachusetts 22.6 million (State) $4.210! 88,000+

New Hampshire 2.11 million (coast) $334.2 (coast) 53,500 (state)

Maine 6.3 million * 3920 (coast) 57,600
New Brunswick 2.5 million $38 (Fundy region) 19,200
Nova Scotia 1.2 million * $280.9 (Fundy region) 12,900

L. Includes Barnstable County, Middlesex County, and Boston/Cambridge area; state total for direct
tourist expenditures was $6.2 billion in 1987.

2. State total, August 1984-July 1985.

3. May- October only (province total, nonresidents).

Sources: Massachusetts Deparument of Tourism;  Boston Globe, May 1987, University of New Hampshire,
Department of Leisure Management & Tourism; Maine Department of Tourism; New Brunswick Tourism
Statisties Manual, Nova Scolia Department of Tourism & Culture.

Cargo Traffic in the Major Ports in the Gulf of Maine

Total Cargo (Imports + Exports)
million short tons (metric lons)

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:(1:8) 43% 2.0(1.8) 25 (3.1)

Maine' 11.1 (10.1) 939 0.86 (0.78) 12.0 (11.0)

Saint John 12.6 (11.4) TT% 38(35) 16.4 (14.9)

L. Maine ports include Portland, Searsport, Eastport, Winterport, and Bucksport. Portland handles the
dominant share of petreleum cargo tralfic: Searsport and Bucksport have lesser roles.

Sources: U.S. Army Gorps of Engineers; Maine 10T Massport, Boston; Saint [ohn Port Authorily;

Statistics Canada.
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Fundy has been expressedrecently.
Extensive sand and gravel deposits
lie on the seabed of the Gulf of Maine,
To date, no mining has taken place,
but it is likely thatin the future it will
become economically favorable to
exploit these offshore resources.

TIDAL POWER

The pilot facility at Annapolis Royal,
Nova Scotia is one of three tidal power
stations currently in operation world-
wide, generating 17.8 megawatts of
electricity, Tidal power facilities have
been considered at other sites on the
Bay of Fundy as well, but several envi-
ronmental, economic, and political
issues remain to be resolved before
construction proceeds.

WASTE DISPOSAL
The Gulf of Maine is also valued for its
ability to assimilate our wastes - sewage,
industrial effluent, air pollutants, and
urban and other runoff. Quantifying
thatvalue is currently next toimpossible.
Over the years, society has often
found that ocean disposal is a simple
and apparently economical way to get
rid ol wastes, but the true cost of
disposal, including the loss of other
valued uses that are precluded by waste
disposal, is rarely calculated. A low
sewer bill mayrepresenteconomic
efficiency from the perspective of the
sewage treatment plantoperator, butif
shellfish harvesting is severely limited
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Ship and boal building and vepair are an important actiily on the Gulf's waterfront; wse of the Gulf's resources drives demand for these services. Bath Iron Works, a

Jederal defense contructor, is Maine's largest private employer. The vast majorily of the region 's facilities are much smaller operations, many of which are feeling pressure to
sell to developers planning to construct non-waler dependent projects such as homes and restaurants.

by bacterial pollution from the sewage
treatment plant, the cost to society is
notreflected in that bill.

For example, in arecent study
evaluating the true cost of sewage
disposal in the Ipswich and
Newburyport area of Massachusetts,
the cost ofallowing continued sewage
discharges was estimated at $700,000
(U.S.), equal to the benefits to the
community of a harvestable shellfish
resource. Estimates for removing the
discharges were $200,000. In such
cases, it is more efficient for society to
clean up the dischargesand produce
additional benefits from a clam fishery
than itis to maintain low sewage
disposal costs by providing inadequate
treatment.

It is possible to conduct this kind of
analysis for relatively discrete situations
-one bay, one form of pollution. When
it comes to a water body the size and
complexity of the Gull'of Maine, which
has experienced longterm chronicand
cumulative stress from human activi-
ties, such cost-benefitassessmentsare
noteasily completed.

CONCLUSION

Putting a total price on the value of the
Gulfis essentially unfeasible; by con-
ventional analysis it would probably be
measured in billions of dollars. But, in
another sense, the Gulfis literally in-
valuable. More than a collection of
commodities and services, itisan
ecosystem with a life of'its own,
integrally connected to our quality of
life.

The economics of the Gull are
constantly changing. Aswe enter the
1990s, commercial fishing is facing
shrinking stocks and competition over
access to waterfront facilities, Ship and
boat building and repairare being
threatened by the high price of
waterfront property. Demand for new
and competing uses of the waterfront,
such as for homes and restaurants, is
generated by the region’s relatively
high quality of lite and is affecting the
traditional balance of economic
activity in the Gulf region as well as its
environmental quality. The change in
land use patterns is more intense along
the Gulf's southwestern shore and
has been spreading to the east.

Although uses of the Gulf and their

relative value are evolving, nearly all
depend upon environmental integ-
rity as a necessary prerequisite for
viability. Fishing, including the
promising new aquaculture

industry, ismost dependenton a
pristine environment. The high

quality of life in the region, a heritage

thatistreasured by long-time inhabi-

tantsand that also attracts tourists and
new residents, is tied to the availability

and abundance of natural resources.
Changing land use parterns through-
out the region have uncertain eco-
nomic and environmental implica-
tions. Even though many uses are

dependenton ahealthy environment,

all of the uses discussed above involve
potential or certain environmental
risks. These risks are discussed in the
nextchapter.
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cHAPTER THREE|R

Stresses on the Gulf

UMAN USE OF THE GULF
B of Muine and the land
i thatsurrounds it puts

stress on the marine environment by
altering habitat, introducing contami-
nants, and influencing population
dynamics. Stress has escalated asuse
of both land and water has intensi-
fied. The stresses discussed in this
chapterinclude the physical altera-
tion of coastal land; “nonpoint
sources” of pollution, including small,
dispersed sources and all kinds of
runoff; “pointsources” including in-
dustrial, sewage, and other large
volume discharges; ocean dumping;
accidental spills; offshore oil and gas
exploration; and the harvesting of
MArine resources.

Land use patterns on the shores of
the Gulf of Maine have been strongly
influenced by economic forcesand
natural resource conditons. Histori-
cally, industries were oriented towards
the natural resources-fishing, agri-
culture, timber, quarrying -and de-
pended on coastal waters for transpor-
tation and shipping. Rivers flowing
into the Gulf provided power to run
lumber, grain, and textile mills.
Urban areaswere concentrated
around major ports such as Boston,
Portsmouth, Portland, and Saint
John,while the remaining coastline
was interspersed by small fishing and
farming communities. Transporta-
tion improvements in the 1950s
altered the traditional development

Boh Moore

Katrina Van Dusen

ik
™

patterns, as highways and automobiles
facilitated urban expansion and
suburban sprawl along the Gulf’s
southwestshore.

The population of the Gulfregion
is growing approximately twice as fasi
in the states as in the provinces.
Growth ratesfor 19801986 vary from
17% in Rockingham County, New
Hampshire to a net population loss in
Cumberland County, Nova Scotia. In
1986, populationin the region’s
coastal counties wasapproximately
95,000 in Nova Scotia, 134,000 in New
Brunswick, 320,000 in Maine, 167,000
in New Hampshire, and 3,877,000

million in Massachusetts, for a Gulf-
wide population of 4,593,000,

Recent population and economic
growth hasdramatically changed the
types and intensities of land use in
parts of the Gulfregion. In gencral,
the amount of land that has been
developed in the past thirty vears is
much greateralong the southwestern
part of the Gulf coast than in the
northeastpart. Typically, agricultural
land has been lost while the
amount of forested land has
remained relatively stable and devel-
oped land has increased.
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With the urbanization of the Guif vegion, an increase in lawn care has ooonrred.
Homeouwners use bath fertilizers and pesticides, which are washed onto adjacen!
driveways, parking lots, and roads and into streams, rivers, and estuaries.

Land Use Trends
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Population and economic growth in the last thirty years have dramaiically changed the types and intensities of
land use in parts of the Gulf region. Agricultural land has been lost while developed land has increased. This
trerd is most extreme on Cape Cod and in southern Muine and New Hampshire, and decreases to the east.

Other

30 THE GULF OF MAINE

AL TERATION OF COASTAL HABITAT
Coastal habitat has been altered and
destroyed byland developmentever
since the hirst European settlers made
their homeson the shores of Gulf.
Approximately 65% of the tidal
marshes and flats in the Maritime
provinces have been lostoraltered
since the arrival of European settlers;
much of these wetlands were con-
verted to agricultural land when the
Acadiansarrived in the seventeenth
century, Only 49,400 acres (20,000
hectares) of natural wetlands remain
in Nova Scotia, New Brunswick, and
Prince Edward Island combined.

The U.S. Office of Technology
Assessment estimates that 30 to 50% of
all U.S. wetlands have been lostin the
last four hundred years, The most dra-
matic losses occurred between the
1950s and 1970s, as a result of subur-
banization and numerous public works
projects. Demand for coastal property
along the southwestern shore of the
Gulf continues to put pressure on
beachesand salt marshes. Filling
wetlands to create land suitable for
building hasbeen and continues to be
the primary cause of wetland loss in
New England. Unfortunately, no
comprehensive documentation exists
for total wetland acreage lost or altered
in the Gulf of Maine.

Coastal wetlands have also been
severely degraded or eliminated by
dredging, filling, and bulkheading for
portand harbor development. Prior



Nonpoint sources of pollution in the Gulf, including urban runoff, forest
and agricultural runoff, failing septic systems, shipping and boating
activities, and deposition of air and river borne contaminants,
represent the greatest threat to the nearshore environment because of
their chronic and ubiquitous nature, their cumulative effect, and the

—

towetlands protection legislation,
dredged material was dumped in
marshlands as fill. For example, in
Wells Harbor, Maine, approximately
90 acres of marsh were filled with
sediments dredged from the river to
create a harbor.

The construction of dams for water
storage and hydro-or tidal power alters
water flow patterns, as well as depth,
temperature, and salinityin riversand
estuaries above and below dams.

Coastal developmentalso affects
barrier beaches by exacerbating the
natural erosion process. Jetties and
scawalls are built to stabilize land, but
actually they often hasten beach
erosion. Seawallsand buildings

interfere with the natural movementof

sand and other sedimentsand, along
with dredging, cut off the supply vital
toadjacent beaches, marshes, and
mudflats. Barrier beaches have been
subjected tointense use and develop-
ment (o such a point that nearly every
coastal mile of beach in the Gulf has

difficulty of control or abatement.

been significantly or permanently
altered. Only those protected as public
parks or wildlife reserves remain
unaltered, and, in many cases, these are
threatened by adjacent development,

N()NE’OINT SOURCE POLLUTION
Nonpointsources of pollution in the
Gulf, including urban runoff, forestand
agricultural runoff, failing septic sys-
tems, shipping and boating activities,
and deposition of airand river borne
contaminants, represent the greatest
threat to the nearshore environment
because of their chronicand ubiquitous
nature, their cumulative effect, and the
difficulty of control orabatement. The
recentincrease in developed land
within the region’swatersheds has
increased the occurrence of nonpoint
source pollution in many ways. These
include replacementofindigenousvege-
tation with lawnsand impervious
surfacessuch assireets, parking lots,
highways, rooftops, and driveways.
Altering the landscape toaccommodate

developmentoften makesit more
vulnerable to erosion, which can cause
sediments and associated contami-
nants to clog streams an d other bodies
ofwater.

No assessments of contaminants
contributed by urban runoffio the
coastal waters of the Gulf have been
made, but studies in several cities
throughout the U.S. and Canada have
consistently found elevated levels of
petroleum hydrocarbons, including
polycyclicaromatic hydrocarbons
{(PAHs), metals, and pathogensin
stormwater runoff.

Runoff should not be considered as
onlyan urban phenomenon; stormwa-
ter runoff from less intensively devel-
oped areas can also carry a sizable
pollutantload.

Forestryand agricultural runoff
containing pesticides and fertilizers,
nutrients, pathogens,and soilswashes
into the ocean directly orinto streams
and rivers that carry the contaminants
downstream to estuaries and coastal
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Most rivers contribute significantly to the pollutant load of
coastal waters; it is estimated that the Merrimack River's

contribution of metals to Massachusetts Bay may be of the
same magnitude as the Boston Harbor sewage outfall.

- e

Peter Ralston/Island Institute

One of the numerous paper mills located on the vivers flowing inio the Gulf, In the last fwenty years, sizable reductions have been mede
in levels of ological pxygen demand and suspended solids in will discharges. Metals and organic compounds are also discharged by
paper and pulp mills.

Lead in Boothbay Harbor Attributed to Nonpoint Sources

Boothbay Harbor, Maine was
chosen asa “control site” by the
National Marine Fisheries Service in
asurvey of metals in organisms and
sedimentsof Atlantic coastal waters
ofthe U.S. in 1982, Surprisingly,
lead levelsin Boothbay Harbor
crabsranked second highestofall
the study sites, with levels as high as
in organisms from New York City
and Philadelphia. Furtherstudy of
historicactivity in this small, resort
town with ayear round population
of 2,500 showed that neither the
town's sewage lreatment plant, nor
anyintensive industrial activity were
the source of the lead. Probably
urban runoffwashed the lead from
automobile exhaustsand crankcase
oil drippings into the harbor. In
Julyand August, over 5,000 cars per
day pass through Boothbay Harbor.
Lead-laden paint chipsand sand-

blasting waste from several
boatyards may also have contrib-
uted to the lead load.
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waters. A nationwide survey of pesti-
cide use in the estuarine drainage
areas of the U.S. found that lands
draining into New England estuaries
have low pesticide use, less than 200
pounds applied per square mile per
year,as compared to Chesapeake Bay,
where 1,500 pounds are applied per
square mile per year. However, like
other nonpoint sources, agricultural
and forestry runoff has not been well
quantified in the region, but it may be
important given the large area of forest
and agricultural land thatdrainsinto
the Gulfof Maine.

In addition to runoff that carries

residues from the application of
pesticides, accidental spillsand leaks,
aswell asimproper storage, handling
and disposal also contribute pesticides
to the watersheds of the Gulf.

Failing and inadequate residential
septic systemsintroduce nitrogen,
phosphorous, chlorine, viruses, and
bacteriainto coastalwaters. Although
there are many other sources of
bacteria, including municipal sewage
systems, combined sewer overflows,
runoff, wildlife, and boats, assessments
of the relative contributions of differ-

Fish processing plants, like this one in Nova Scotic,
are common along the Gulf coast. Effluents from
these plants discharge substantial loadings of oxygen
demanding matter, suspended solids, oil and grease,
Jecal bacteria, and certain organic and inorganic
compounds. Often, the problem of odors and flies
around these operations, especially fish meal plants,
recetves more community response than the frroblem
of effluent discharges, which ave usually considered
only to have localized impact on water qualily.

entsources have found home systems
tobe significant contributors of bacte-
ria to certain areas. Attempts have
been made to clean up or eliminate
the discharge of untreated sewage
from homes in all of the Gulf jurisdic-
tions, but problems persist. Illegal
“straight pipes”still exist throughout
the region. In Maine, 3,000 residential
discharges have been permitted; itis
estimated that only one half of them
function properlyatany given time
and that nearly all fail at some point.

Many of the pollution sources
discussed thus far have been land-
based, but there are also many water-
based sources. Boating and shipping
activities contribute bacteriaand
nutrients, oilywastes, debris, and lead,
copper, and tributyl tin from bottom
paints to the Gulf’s pollutantload. As
recreational boating activityin the
region hasincreased, the overboard
discharge of sewage in congested
harborsand popular cruising anchor-
ages hasbecome a concern, especially
in areas with commercial shellfish
beds.

Oily bilge water is often discharged
from vessels delivering oiland other
cargo toand from the region’s ports.
Although U.S. and Canadian law and
an international treaty now restrict the
amountof petroleum that can be
discharged with bilge water, lack of
enforcement makesitlikely thatsome
petroleum still reaches Gulf waters
from thissource.
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Most sewage treatment plants
are designed primarily to treat the
oxygen-demanding organic load
and bacterial and viral pollutants
in domestic wastewater; they are
not designed to handle complex
industrial effluents.

' O Chiestru Hill Reservolr

. # Cp Emo!dmé ﬁeéervu’{r
Hammond Pond O ; i

'@ Combined stweroverflow ©

0 o0 g P2
P ——

Massachusetts Water Resouces Authority

- Poi%d. % e
S S 2 Sk
@ i : = )&

@Ja;msmpcna' e

Dorchester Bay

Ouver 90 combined sewer overflows (CSOs) contribute significant volumes of raw sewage te Boston Harbor.
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The abundance of beach-and boat-
generated debris floating in the Gulf
and washing up on shore is a growing
concern because itis unsightly, posesa
danger to wildlife, and can be a hazard
to mariners. The magnitude of this
problem was made evidentin 1988
whenvolunteers collected an average
0f 233 pounds of trash per mile (66
kg/km) from the shorelines of Maine
and Massachusetts. Over 40% of the
trash was plastic, which degrades very
slowly. Efforts are being made in
Canada and the U.S., aswell as by
international treaty, to regulate the
dumping of ship-generated garbage
at sea.

Runoff from boatyards and marinas,
and leachate from creosoted pilings
and boat hull paint, contribute
hydrocarbons, lead, copper, and
tributyl tin to the marine environment.
Hull paints containing tributyl tin are
regulated, butnotyeteliminated in
the Gulf region. These paintsare
designed toretard the growth of
organisms that foul boat bottoms, but
they can affectnon-target organismsas
well.

INDUSTRIAL DISCHARGES

While pulp and paper mills and fish
processing plants are the primary
industrial dischargers to the Gulf from
Canada, there are a greater variety of
industrial operations discharging into
the U.S. waters of the Gulf. These
include tanneries, textile mills, metal



Chris Ayres

The visk of vil spills from tankers and barges inereases when vessels are in port and during transfer operations.

fabricaring and finishing operations,
and chemical, plastics, rubber, elec-
tronics, and equipment manufacturing
plants. Many industrial plants have
cleaned up theirwaste streams during
the last twenty years, in response to
public pressure and governmentregu-
lation, but theystill discharge, legally,
awide array of metals, petroleum
hvdrocarbons, and other toxic con-
taminants. There are an estimated
several hundred industries that pump
waste directly into the coastal waters of
the Gulf, but the vast majority of
industrial effluentin the U.S. flows
into municipal sewage treatment
systems. Approximately 6,000 indus-
triesin the greater Boston area send
their wastes to the sewage treatment fa-
cilities at Deer and Nut Islands in
Boston Harbor. Itisestimated that
each day over a ton of toxics is dis-
charged into Boston Harbor from
these two facilities alone. Most sewage
treatment plants are designed primar-
ilv to treat the oxygen-demanding
organic load and bacterial and viral
pollutantsin domestic wastewater; they
are notdesigned to handle complex
industrial effluents.

Pulp and paper mills are one of the
primary kinds of industrial operations
discharging effluentinto Gulf waters.
Historically, pulp and paper mill
effluent has been characterized by
high biological oxygen demand
(BOD) levels, which depletes dissolved
oxygen in water, and high levels of

suspended solids (SS) that settle out to
form sludge beds and disruptbenthic
habitat. In the last twenty years, sizable
reductions have been made in levels of
these “conventional” pollutants in mill
discharges. Forexample, between
1972 and 1982, pointsource pollution
on the Saint John River, where there
are five mills, was reduced by 88% in
terms of BOD loading, and by 82% in
terms of 8§ discharged.

In addition to BOD and SS, chro-
mium, copper, lead, mercury, and zinc
are typically found in effluent from
pulp and paper mills. Concern has
been expressed in the last decade that
the use of chlorine in pulp bleaching
has resulted in discharge of as many as
9,000 chlorinated organic compounds;
some, such as dioxin and furan, are
among the most toxic compounds
known.

SEWAGE TREATMENT

Like control of industrial discharges,
sewage treatment has been improved
and expanded in recent decades. In
New England, mostmunicipal sewage
receives primary treatment, and much
secondary. In the provinces, many
small communities have sewage
treatmentsystems, while manylarger
cities, including Saint John, have
collection systems that provide little or
no treatment. In 1985, approximately
55% of the population of the Atlantic
provinces was served by sewers, but
only 20% of the wastewater was

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

Although the majority of the
population of the Gulfis serviced by
sewer systems, the volume of sewage
received by many treatment plantsisin
excessof their designed capacity.
Some plants, especially the facilities in
the Boston area, are antiquated and
cannot properly handle the demands
placed on the system. In Boston and
Salem, Massachusetts sewage treatment
plants separate out sludge, but then
discharge itinto the ocean at high
tide, an ineffective process at best.

In many areas, storm drains are
connected tosanitary sewers, causing
sewage treatment systems Lo become
overloaded after rainstorms, This
results in raw sewage being discharged
into the Gulf through storm drains
known as “combined sewer overflows”
(CSOs). CSOsin Boston and Port-
land, as well as almost every smaller
sewage district, discharge large
amounts of nutrients and bacteria
from sanitary wastes, metals and toxics
from industrial waste, and metals, oil,
and other hydrocarbons from street
runoff.

M(_)St Sewage treatment p['dIl[S
disinfect their effluent with chlorine,
but the discharge of chlorine isa
growing concern because ofits
potential toxic effects on marine
organisms.
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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.
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POWER PLANTS

There are numerous coal, oil, and
nuclear power plants, as well as one
tidal power facility, along the Gulf of
Maine coast. These facilities are not
major contributors of pollutants to the
marine environment, but cooling
waters, used in all but the tidal power
facility, cause thermal pollution and
resulting localized impacts. Cooling
waters can contain elevated levels of
metals, contributing to the total
contaminant load in the Gulf. The
pollutants contained in air emissions
from these facilities may ultimately
reach the waters of the Gulf of Maine.
PAHs from the burning of coal and oil
reach the Gulfthrough precipitation
and runoff. Sulphurdioxide emissions
are aleading cause of acid rain.

The stresses caused by the tidal
power facility at Annapolis, Nova
Scotia do notresult from any dis-
charge, butfrom the alteration of tidal
currents. Larger tidal power projects
proposed for the upper Bay ol Fundy
couldsignificantly increase tidal range
throughout much of the Gulf. Result-
ing changesin currents, temperature,
and upland flooding would have a
significant effect on the Gulf ecosys-
tem

OCEAN DISPOSAL

Ocean disposal of wastes are regulated
in Canada and the U.S. and by interna-
tional convention. At present, the vast
majority of ocean disposalin the Gulf
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More U.
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. and Canadian fishermen than ever are plying the Gulf's waters in search

of fish. These boats are tied up in a Nova Scotia harber.

region is of dredged materials, Dredg-
ing is undertaken toimprove and
maintain navigation channelsand
mooring areas for commercial and
recreational boats, Alarge mainte-
nance dredging projectin Portland
Harbordeposited nearly 1.1 million
cubic yards (840,000 cubic meters) of
dredge spoilsin the Gulfin 1980, a
substantial amountof the total 2.3
million cubicyards (1.75 cubic meters)
dredged by the U.S. Army Corps of
Engineersin Maine between 1950 and
1981. There are four major disposal
sitesin the New England region of the
Gulf. Disposal permits for small proj-
ects have been granted for otherareas
on aone-time-only basis.

Canadian dredging projectsin the
Gulfregion average less than 26,000
cubicyards (20,000 cubic meters), and
maintenance projectsoccur less
frequently than in New England, due
to different oceanographic and
sedimentation characteristics. Saint
John Harbour is the only area that
requiresannual maintenance dredging
(averaging 500,000 cubicmeters per
year) due to siltation from the Saint
John River. Disposal sites are not used
FO[' more lha]’] one yﬁ'&l' al a tiITlC,
resulting in a large number of small
disposal areasscattered throughout
Canadian waters. Studies conducted
on material dredged from Saint John
Harbour have indicated minimal
contamination,

Both dredging and dumping of the
spoils can put stress on the marine
ecosystem. Pollution can be spread by
moving sediments contaminated with
PAHs, PCBs, and metals from harbors
and bays to clean, open ocean areas.
Pollutants sequestered in bottom
sediments can be released from the
sedimentswhen theyare disturbed or
exposed bydredging activity. Bottom-
dwelling communities are temporarily,
and sometimes permanently, destroyed
both in the area thatis being dredged
and in the area where the dredged
material is disposed. Dredging can
also cause increased erosion of coasial
land because itdisrupts natural
sedimentary processes.

O sriLLs

More oil enters the marine environ-
mentthan any other toxic contami-
nant. Marine transportation is
respansible for 46% of the worldwide
inputof oil into the aceans. Only 29%,
of this input is from accidental spills;
the majority of the input is from the
chronic discharge of il from vessel
and portoperations. However, acci-
dental oil spillsare alongstanding
public concern because of their
catastrophicimpact on the marine en-
vironment.

A number of oil spills have occurred
in the last three decades in the Gulf
region. Inaddition to the huge spill of
7.6 million gallons (28.9 million liters)
from the Argo Merchantoff Cape Cod

in 1976, in the past twenty vears several
large spills ranging from 200,000 to
well over 600,000 gallons (0.8t0 2.3
million liters) have occurred in New
Hampshire and Maine - particularly in
Portsmouth and Portland Harbors,
Saint John experienced a major spill in
the early 1970s, prompting an agree-
ment between the U.S. and Canadian
Coast Guards to cooperate in oil spill
cleanupsin the Gulfregion.

The two federal governments have
recognized that many oil and chemical
spills can be prevented through
training, vessel inspections, consiruc-
tion and equipment standards, and
traffic regulations and guidelines that
preventcollisionsand groundings.
Regulations are also in place to reduce
operational discharges of oil. How-
ever, the experience from recent spills,
the Exxon Valdezin Alaskain particular,
has shown that, despite efforts to
minimize the risk of an accident, such
risk cannot be completely eliminated.

ENFRGY AND MINERAL EXPLORATION
There isno ongoing exploration for
energy or mineral resourcesin the
Gulf, although it has occurred in the
past and will most likely occur again in
the future. The potential impacts of
offshore oiland gas exploration
include: loss of access by fishermen to
the seabed and watersaround a
drilling operation; damage to fishing
gear from debris jettisoned overboard
from a drilling rig or supply vessel; and
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Harvesting effort by U.S. and
Canadian fishermen in the Gulf of
Maine has doubled since 1977.

Chris Ayres

Possible effects of aguaculture operations relate to the deposition of fecal matter and
waste food beneath the pens; the depletion of dissoved oxygen levels; nutrient

enrichment; and the introduction of antifiiotics and hormones into the water column,

Careful selection of pen sites reduces the potential for stress.

adverse effects on the marine environ-
ment from routine discharges or oil
spills. Oil and gas development and
production activities resultin chronic
discharges of petroleum hydrocarbons
throughout the life of the field. The
potential for these activities to have an
impact has been reduced by govern-
mentregulation and industry coopera-
tion in both Canada and the U.S.

The potential environmental
impacts of offshore sand and gravel
mining in the region has not been
studied extensively. Initial environ-
mental concerns focus on the disrup-
tion of benthic habitat by dredging
operations and the effects on marine
organisms of suspended matter settling
on the seafloor.

HAR\«"ESTII\'(} OF FISHERY RESOURCES
Intensive levels of fish harvesting effort
have taxed the ability of commercial
stocks in the Gulf to sustain them-
selves. In the 1960s and 1970s intensive
fishing in the Gulf by fleets from other
countriesdepleted stocks. The
cutback on foreign fishing in the
region in 1977 provided the stocks
with only temporary relief. Harvesting
effort by U.S. and Canadian fishermen
in the Gulf of Maine has doubled since
1977. For example, the number of
New England-based otter trawlers,
doubled between 1976 and 1984, For
many species of fish, stocks in the Gulf
and on Georges Bank are now at
record low levels.



Extensive effortsare being made in
the Gulf region, some of them coop-
erativelyamong the U.5. and Canadian
governments and fishermen, to
improve fish harvesting technology so
that it selectively harvests the species
and size of animal desired without
damaging youngerfish, otherspecies,
and bottom habitat, alongstanding
concern. Forexample, lobster traps
now have escape vents that allow the
release of undersized lobsters, Shrimp
fishermen from New England have
begun use of a special separator trawl
netin the spring to minimize the
number of juvenile fish, especially
flounder, thatare caughtand thereby
killed. Ongoing U.S./Canada coop-
erative research to improve the
selectivity of gear used to catch
groundfish involves experimenting
with different net mesh sizes, shapes,
and colors.

Relative to other parts of the world,
the killing, injuring, or entangling of
marine mammals, birds, and turtlesin
fishing gear occursinfrequentlyin the
Gulf. However, the U.S. government
hasimposed new reporting require-
ments on the groundfish and mackerel
fisheries in the Gulf of Maine because
theirincidental take of marine
mammals may be high enough to be of
concern.

Aquacultureisarelatively new
activity in the Gulf of Maine, and any
stress it might put on the waters and
other uses of the Gulf are not yet well

- Emgvemn

The Maine Geological Survey estimates
that mean sea level will rise by 1.6 to
2.4 feet (48 to 72 centimeters) in Port-

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

- =

documented. Possible effectsrelate to:
the deposition of fecal matter and
waste food beneath the pens; the
depletion of dissolved oxygen levels;
nutrientenrichment; the introduction
ofantibiotics and hormonesinto the
water column; the introduction of non-
indigenous fish; and the spread of viral
and bacterial diseases from hatcheries
to coastal waters. Careful selection of
pen sites in areas where there is
adequate circulation and flushing, and
avoidance of shallow, constricted
embayments may reduce these poten-
tial problems.

SEA LEVEL RISE

Scientists predict rapid and unprece-
dented changesin the earth’s climate
due to pollution-induced changesin
the composition of atmospheric gases.
Average temperaturesare predicted 1o
rise by 0.5 degrees . (0.3 degrees C.)
per decade, 10 to 50 times faster than
anything in recorded history. The
“areenhouse effect” hasmajorimplica-
tions for the Gulf of Maine. Global
warming will cause sea water to expand
and thus sea level will rise. The Maine
Geological Survey estimates that mean
sea level will rise by 1.6 to 2.4 feet (43

s

Important wetland functions are being disrupled by smalk-scale, incremental coastal development.

to 72 centimeters) in Portland, and 2.3
to 4.8 feet (69 to 144 centimeters) at
Eastport, Maine in Passamaquoddy Bay
over the nextcentury. Warmer tem-
peratures could affect the Gulf of
Maine fisheries by making the Gulfa
less suitable habitat for cold water
species,

CoONCLUSION

Despite successful efforts during the
last two decades to minimize some of
the major stresses on the Gulf, many
smaller, dispersed activities are having a
cumulative impacton the ecosystem.
Sewage and industrial treatment have
been widelyinstalled or upgraded, but
contaminants reaching the Gulf

from nonpointsources are largely
unchecked; large scale development of
wetlands and beaches has been limited
by regulation, butimportant wetland
functionsare being disrupted by small-
scale, incremental coastal development;
most foreign fish processing ships have
been excluded from Gulf waters, but
effortby U.S. and Canadian fishermen
has doubled during the last ten years.
The challenge of the 1990s is to address
these sources of stress, as well as to
continue to eliminate pointsources.
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CHAPTER FOUR

Effects of Stresses on the Gulf

21 ) and environmental
health, aesthetic and recreational en-
joyment, and economicwell-being in
several, primarily coastal, regions of
the Gulf; the potential foreven
broader impactsis great. However,
because data from different research
projectsisrarely comparable, little
comprehensive information existson
the Gulf-wide implications of environ-
mental degradation. A greatdeal of
research and monitoring will be
required to better understand how
much contamination, habitat loss, and
overexploitation the Gulf can sustain
withoutpermanentdamage, and,
more importantly, to determine the
level of protection which ensuresa
sustainable ecosystem.

ACUTE AND SUBLETHAL EFFECTS OF
TOXIC CONTAMINATION

Acute effects of contamination are
those which have an immediate and
significantimpact, including death;
sublethal effectsare lessimmediately
life-threatening but can impair envi-
ronmental quality over time. Acute
effects have been recorded during epi-
sodes in which toxic compounds were
accidentallyreleased to the marine en-
vironment.

Forexample,in 1971, 5,000 gallons
of jet fuel were spilled in an intertidal
cove in Penobscot Bay; five years later,
65 acres of clam flats remained devoid

John Sowles

UMAN-INDUCED STRESSES
on the Gulfaffect public

ion of Marine Fisheries

I Boston Harbor, fin rot and fver disease are preva

in flownder and shell rot is widespread in lob

these are examples of the sublethal effects of chronic pollution.

of clams. In 1976, bunker C oil spilled
from the Argo Merchantsoutheast of
Cape Cod resulted in 20 to 98 per cent
mortality in cod eggs sampled near the
spill; samples of surviving cod, and par-
ticularly pollock embryos, displayed
genetic damage and evidence of
developmental abnormalities. Pesti-
cideswereresponsible forincreased
larval mortality in ten species of fish in
the southwestern Gulf, in areas
receiving runoff from cranberry bogs
and marshes treated formosquito
control. Such episodes, however, are
relatively infrequentand localized.

The greatest threat to the health of
the Gulf of Maine (even considering a
catastrophic oil spill) is from the long
term effects of the widespread and
continuing introduction of small and
seemingly insignificant quantities of
persistent toxic materials to marine wa-
ters. Largely unseen, the sublethal
effects of such chronic contamination
can cause significantchangesin
ecosystem properties including pro-
ductivity, recruitment, reproduction,
and community composition. Unfor-
tunately, if such changes occur they
are not casy to detect, but they are the
warning signs of degradation that may
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Sublethal effects of toxic contaminants, including hydrocarbons,

trace metals, and synthetic organic compounds such as PCBs,
pesticides, and dioxins.

Effects on Individual Organisms:

® Gonadal tumors, larval deformities, reduced seteling rates, thinning of
eggshells, reduced survival of eggs and young, and other indications of
impaired reproductive ability;

¢ Deformed tissue and cancer;

® Reduced feeding rate, growth rate, and body weight, and otherindicators
ofdecreased productivity;

* Impaired ability to respond to stimuli;

* Increased, but non-productive respiration;

® Decreased resistance to disease;

® Brain and liver damage, impairment of neurological function, and other
physiological abnormalities.

Effects on Ecological Communities:

* Decrease in numbers of speciesand individuals;
¢ Loss of sensitive species;

® Decrease in biomass and productivity;

® Change in relative abundance of species.
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be difficultif notimpossible to
completely reverse. In Boston Harbor,
fin rot and liver disease are prevalent
inflounder and shell rotis widespread
in lobster; these are examples of the
sublethal effects of chronic pollution,

DISTRIBUTION OF TOXIC
CONTAMINANTS
With varying affinities, many contami-
nants bind to small particles that settle
outin saline waters. Asaresult,
sediments are a sink for contaminants
in the marine environment; they may
contain 99% of the toxic compounds
in a marine ecosystem. Much of the
data collected to date on toxic accumu-
lation in the Gulf therefore consist of
analyses of the sediments and biota of
the sea floor. Such data are an
indication of contaminant concentra-
tion and distribution, but do not
provide information on its effect.
Generally, thereisinsufficient
information to demonstrate Gulf-wide
trendsin contaminantaccumulation,
either geographically or over time.
However, existing data indicate that
the highest contaminant concentra-
tions in the Gulf occur in coastal
embaymentsand nearshore waters that
border urban and industrial areasand
where major sources of runoff, such as
rivers, reach the marine environment.
Samplesfrom the deep water portions
of the Gulf exhibit trace amounts of
contaminants,



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

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

nificant quantities of persistent toxic
materials to marine waters.
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The disiribution of lead is much higher in Boston. Harbor sediments than in those of the offshore

walers of Massachussetls Bay.

Concentrations of polycyclic
aromatic hydrocarbons (PAHs) in
some nearshore areas of the Gulf of
Maine are comparable to much more
heavily industrialized areas. PAHs also
occur in trace amounts in the deep
water basins of the offshore Gulf of
Maine; offshore transportoffine
sediments and associated organic
particles, and direct deposition of
airborne PAHs, most likelyaccount for
theirappearance in these remote habi-
tats. In a survey of over 170 sites
throughout the coastal UU.S., sediments
ata Boston Harbor site exhibited the
highest concentrations of PAHs. Five
other sites from the Gulf of Maine
were within the top twenty-two most
contaminated sites for PAHs.

A similar pattern isapparent for
metals. Salem Harbor, which receives
wastes discharged from several tanner-
ies, had the highest concentration of
chromium of 170 sites sampled in the
coastal U.S. Boston Harborsediments
contained the highestlevels reported
for antimony, silver, and tin. Gulf of
Maine sites ranked within the top ten
sites for ten of the twelve metals
examined. Analysesofsediment cores
from Boston Harbor and Massachu-
setts Bayindicate thatmetal contami-
nation hasincreased dramatically since
1900.

Datafrom Jeffreys Basin indicate
thatitmay be an offshore depositional
area; metal concentrations are equiva-
lent to those found closer inshore.

Tributyl tin is a complex of tin and
organiccompounds, Ananti-fouling
agent used to treat boat hulls, the use
of tributyl tin is now restricted because
of its extreme Loxicity to non-target
organisms such as shellfish. Levelsof
tributyl tin as high as 500 parts per bil-
lion, as high as any observed world-
wide, have been detected in Boston
Harborsediments.

A survey of the sediments of the
deepwater basins of the Gulfrevealed
polychlorinated biphenyls (PCBs)
presentin at least trace quantities at all
sites. One site in Boston Harbor had
the highest level of PCBs of 170 sites
sampled nationwide.

ACCUMULATION OF CONTAMINANTS BY
MARINE ORGANISMS

The effect of contaminated sediment
on marine organismsis notstraightfor-
ward. The incorporation in the food
chain of toxic compounds depends
upon the form they take, their reaction
with organic and other compounds,
the chemical environmentin which
they exist, and the degree to which
they are buried in the sediments or
resuspended. The effectonan
organism also depends uponits type,
habitat, and food.

As afirststep toward determining
the effect of contamination on marine
organisms, data are frequently col-
lected on the accumulation of toxins
in the tissues of such organisms. As
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Nova Scotia Power Commission

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, alteved the natural
deposition of sediments, and influenced the soft shell clam fishery in the
Annapolis Basin.

with sediments, however, such datado
not provide information on the impact
of contaminants.

Mussels from three Boston Harbor
stations were among the most contami-
nated, in terms of PAHs, in a nation-
wide "musselwatch” program.

In 1984, Casco Bay recorded the
highestlevels of lead, the third highest
levels of silver, and the fifth highest
level of zinc in fish livers in a survey of
contaminantsin United Statesfish.
Elevated metal concentrations were
detected in mussels from Penobscot
Bay in the late 1970s, and again in the
late 1980s.

Evidence of metals in fish tissues
can be misleading. Scallops collected
from Browns Bank, where sediments
revealed no contamination, had higher
levels of cadmium in their tissues than
scallops from a highly impacted site.
This phenomenon may be explained
bydiffering nutritional conditions,
rather than anthropogenicsources of
the metal.

In 1984, years after a near total ban
on the use of DDT in North America,
livers of fish sampled in Boston and

pﬁpulatlons of small ﬂsh and other
organisms t_hat form the bottom of

annual economic benefito healthy
eel grass beds has been esumated at

- _,$71 million (U. S)

pmd uctwe esmarme'ecosvsmm I he

Salem Harbors contained significant
concentrations of DDE, the primary
form ot DDT in environmental
samples. Boston Harborsamples
contained nearly twice the level of
pesticides found in any othersite in
the United States.

PCBs, also banned in North Amer-
ica, are found in tissues at concentra-
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Recently, scientisis have observed enormeus blooms of coccolithophores, a type of single-
celled algae, thal streseh entively acvoss the Gulf of Maine. They hypothesize Lhat these
Pphenamenona, whick last only for two ar three weeks, may affect the concentration of

carbon dioxide in surface waters and the atmosphere.

Total Commercial Landings and Estimates of Stock Biomass

of Haddock on Georges Bank, 1963 - 1987
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Total commercial landings and estimates of siock biomass of haddock on Georges Bank indicate that both
landings and biomass have declined and are al a fraction of earlier levels.
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safeguarded by national and interna-
tional policy, there are no habitat
protection measures that are appli-
cable; only the animals themselves are
protected.

Habitatloss and impairment, along
with overharvesting, has dramatically
affected populations of diadromous
fish,including salmon, sturgeon,
striped bass, eels, shad, and alewives,
which spend portions of their life
cycles in both the sea and fresh waters.
Damming of rivers throughout the
Gulfregion to gencrate electricityand
create impoundments blocks passage
to vital habitat. Chlorine, used to
disinfect domestic wastewater, can be
highly toxic to marine fish and
shellfish, particularlyduring juvenile
stages. Several species have been
shown to exhibitavoidance behaviorat
chlarine concentrations so low they
arenearlyundetectable. Fish return-
ing to their natal rivers may be de-
flected by trace amounts of chlorine
discharged from municipal sewage
treatment facilities. Acid rain also
affects diadromous [ish; the pH of nine
river systems in Nova Scotia has
declined since 19565 to the point where
Atlantic salmon cannotreproduce
successiully. Gulfwide, wild salmon
populations have been decimated;
active restocking programsare neces-
sary to supportalimited recreational
fishery.

Tidal power stations alter the tidal
range of the water body behind the




el

LEABT-TERN
NESTING AREA -

-

Gulf populations of least terns, piping plovers, and other bivds are threatened as encroaching development and increased recreational use impair vital feeding and nesting
habital. Only 300 pairs of piping plovers remain in the Gulf of Maine; almost half of the worldwide popridation.

impoundmentresulting in areduction
in extent of mudflats that are impor-
tant feeding areas for birds and fish
and spawning areas for fish. 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. The
proposed Minas Basin project (in the
upper Bay of Fundy) could resultin an
increase in tidal range along the
length of the Gulf coast, eroding
upland and modifying currents and
mixing characteristics throughout

the Gulf.

As sea level continues to rise,
shoreline will retreatlandward. The
most conspicuous changes will occur
along easily eroded and low-lying
coasts: sedimentary bluffs, beaches, salt
marshes, and flood zones.

RESOURCE EXPLOITATION

Gulf populations of seals, whales, and
several species of birds were depleted
by hunting, now largely banned. Of
eightwhale speciesencounteredin the
Gulfof Maine, five (humpback, fin,
right, sei, and sperm) are endangered.
The Gulf of Maine is critical habitat for
the northern right whale; the 300
individuals thatfrequent the Gulf
represent the entire world population
of thisspecies.

Overexploitation has drastically
altered fish stocks in the deep water
portions of the Gulf of Maine and on
Georges Bank. Total biomass, which by
1981 had declined from a maximum of
seven million metric tons to approxi-
mately three to three and a half
million metric tons, has continued in a
downward trend. Cod stocks have
declined 50% in the last decade.
Although other factors, including long-
termshiftsin temperature, may also
affect fish stocks, the decrease is most

marked for species of commercial
value, indicating that fishing is likely
responsible for the change. The
decline in commercial species has
resulted in a change in the relative
abundance of fish in the Gulf. In the
1960s, surveys of fish stocks demon-
strated that redfish and haddock were
the mostabundantspecies, comprising
28% and 12.2% of the weight per
sampling tow. Abundance of these
speciesdeclined in the 1980s to 7% for
redfish and 4.8% for haddock. Mean-
while, dogfish rose 10 23.2% and hake
to 17.5% of the weight per tow.

The herring fishery on Georges
Bank collapsed in 1977 under heavy
fishing pressure. Now, twelve years
later, herring stocks are showing signs
of recovery, butfisheries managers
question whether thisspecieswill ever
return toits former levels. Total bio-
mass on Georges Bank declined in the
late sixties as European and Asian
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-
While overharvesting may be the
greatest factor in the decline of
fish stocks in the Gulf of Maine,

the cumulative impact of poliution
and habitat loss is most likely
taking its toll as well.

fleets exploited a broad array of
species on the Bank. Stocks recovered
briefly when the efforts of distant water
fleets were restricted in 1977; however,
an increase in U.S. and Canadian fish-
ing effort has lead to a second decline.
Dogfish and skates now represent
about 70% of the total Georges Bank
finfish biomass.

Along with the changes in biomass
and species composition there have
been changes in the age structure of
various finfish stocks in the Gulf of
Maine. Astriking example of the
change in age structure is the witch
flounder. In 1980, there were fish as
old as 22 years; by 1985, the oldest fish
were 20 and there were no three year
olds; in 1987, the age classes only
included fish from b to 18 years old.

Exploitation can also lead to the

replacementof one species byanother.

For example, the increase in the sand
launce population, evidentin recent
years, may have been made possible
because its more efficient competitors

HNMSUTLIE MIN] u!sg.mo‘L
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This juvenile Atlantic sturgeon, ensnared in plastic debris, was caught in the
Kennebee River, Maine.

and/or predators (herring and mack-
erel) were decimated by the distant
water fleets during the 1960s.

CUMULATIVE IMPAGTS
The impact of environmental stresses
of all types can be cumulative. The
impact ofa particular contaminant on
an individual organism, population, or
community cannotadequately be as-
sessed withoutalso considering the
other types of stresses thatare present.
An organism may be tolerant of any
single stress, but two or more such
burdens may impair its ability to
function naturally. The marine
environment contains many natural
stresses: daily and seasonal changesin
temperature, changes in salinity,
winds, currents; tides, and periodic
exposure to air; anthropogenic
stresses add to the burden of a marine
organism atternpting to acclimate and
thrive in avariable environment.

Cumulative impact may explain
ecological changes for which there is
no apparentsingle cause. For ex-
ample, five years of sampling indicates
that, for unknown reasons, sea scallops
from deepwater sites in the Gulf of
Maine are nutritionally deficient and
lack the glycogen reserves necessary
forspawning. These populations ap-
parentlyare notreproducing them-
selves,

Unusual algal blooms may also
indicate that the marine ecosystem is
out of balance. Blooms of the red tide

organism and other toxic algal species
are of concern not only for their
impact on shellfisheries but because
they may be symptomatic of environ-
mental stress. In 1989, red tide
reached sufficiently high concentra-
tions on Georges Bank to require limi-
tations on the harvest of shelltish.

Obvioussourcesof ecological stress
may mask the role played by other
impacts. While overharvesting may be
the greatest factor in the decline of
fish stocks in the Gulf of Maine, the
cumulative impact of pollution and
habitat loss is most likely taking its toll
aswell.

PuUBLIC HEALTH
Shellfish contaminated with sewage
and runoffrepresenta potential threat
to public health; however, rigorous
monitoring and control programs
provide adequate safeguards through-
out the Gulf region. Swimming is
prohihited atseveral beachesin the
Gulfregion. On any given day during
the summer, approximately 30% of
Boston Harbor beaches are closed to
swimming. In Maine, in 1988, swim-
ming standards were exceeded for the
first time at some beaches. The
Annapolis Basin, in Nova Scotia, was
also closed to swimming in 1989.
Excessive body burdens ot toxins
can present a health hazard to con-
sumers of fish and shellfish. Fish pose
less of a threat than shellfish because
toxic compounds usually acenmulate

in organs, such as the liver, that are
notnormally consumed. Shellfish, by
contrast, are usually consumed whole.

In 1989, imitations on consump-
tion of shellfish from the Piscataqua
River, on the Maine-New Hampshire
border, were recommended due to
lead contamination from anearby
toxic waste dump.

PAH concentrationsin the tomalley
of lobsters from Quincy Bay warrant a
consumption advisory,

Fish from Maine’s Androscoggin
River have accumulated chlorinated
dioxins; fishermen are warned to limit
the number of fish they consume from
theriver.

IMPACTS UPON AESTHETIC AND
RECREATIONAL USES

Environmental degradation diminishes
the quality of life of the region’s
residents. Qil slicks and industrial and
sewage outfalls make boating and
other recreational uses of coastal
waters unappealing. Recreational
fishing and shellfishing are severely
impacted in the Gulf’s coastal commu-
nities by sewage contamination and
population declines.

One effectofintense growth in
coastal regionsis the littering of the
shores and marine waters that results
from increased use of the coastal
region. Non-biodegradable trash,
especially plastics, is one form of
marine pollution that is readily visible.

THE GULF OF MAINE. 49



- iseEEEN 0

Employment is directly
related to volume of landings:
one estimate from Nova
Scotia links 28 full-time jobs
to every 1,000 metric tons
(1,968,000 pounds) of fish
harvested.

Shellfish Closures in the Gulf of Maine

Region Productive Acreage % Restricted
Massachusetts ' (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%

! North Shore and Boston Harbor.
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Floating and submerged debrisand
shoreline litter also presents hazards to
boaters, fishermen, and beachwalkers.

ECONOMIC IMPACTS

The region’s fishing industry initially
benefited from restrictions on foreign
harvests established in 1977; landings
and value both increased. Between
1978 and 1988, the number of fish
processing plantsin the Scotia-Fundy
region doubled, from 187 1o 374,
However, landings of traditonal species
from the Gulf of Maine soon began to
fall. For example, haddock landings
declined from an annual average of
6,800 metric tons in the early 1980s to
829 metric tons in 1987. Declinesin
fish landingsin the early 1980s were
initially offset by an increase in value;
recently, however, value hasalso
declined for some important species.
Employmentisdirectly related to
volume oflandings: one estimate from
Nova Scotia links 28 full-time jobs to
every 1,000 metric tons (1,968,000
pounds) of fish harvested. Although
landings in Nova Scotiaand New
Brunswick increased between 1984 and
1988, due to expanded access to
Georges Bank and harvesting of under-
utilized species, the trend appears to
be reversing. In the summer of 1989,
several hundred plantworkers were
temporarily or permanentlylaid off in
Nova Scotia asstricter catch quotas
were imposed in response to stock
declines.



Pollution and habitat loss can also
have economic consequences. For
example, the toxic effects of PAH

contamination can impair the ability of

a fish stock to reproduce itself. The
economic impacts of habitat destruc-
tion may not be immediately apparent;
they must be estimated by figuring the
replacement cost of the role coastal
wetlands playin commercial and sport

fisheries, aquaculture, agriculture, peat

harvesting, recreation and tourism,
water quality control, shoreline
protection, and flood control. The
relationship between estuaries and
fisheries productivityis clear: the U.S.
National Marine Fisheries Service
estimated an annual loss to U.S.
fisheries of $208 million between 1954
and 1978 due to the destruction of
estuarine wetlands systems,

Sewage pollution, red tide, and
other biotoxins cause restrictions on
shellfish harvesting throughout the
Gulfregion. Unlike toxic contamina-
tion, sewage pollution affects humans
more than marine organisms; asa
result, its effects are primarily eco-
nomic. The trend toward increasing
shellfish closures led Maine to pass leg-
islation in 1987 to sharply curtail the
discharge of sewage to shellfish tlats.

In 1988, medical wastes washed up
on the shores of New York and New
Jersey, causing public beach closures
and economic lossesin the billions of
dollars to coastal communities heavily

Portland Press Herald

Plastic and other trash is one form of marine pollution that is veadily visible. Floating and submerged debris

and shoreline litler prresent hazards to boaters, fishermen, and beachwalkers.

dependenton tourism. A similar
decrease in the recreational value of
the Gulf’s shoreswould seriously affect
local and regional economies. Toxic
pollution also affects the market for
fish; concern for healthful food may
already be dampening consumer
enthusiasm for seafood. If public faith
in the cleanliness and safety of the
Gulf'sresourcesisnotupheld, adverse
economic consequencesare likely.

Contaminated seafood, loss of
recreational opportunity and the
degradation of marine and coastal
environments lower the quality of life
in the region and decrease its attractive-
nesstoresidents; development, the
recreation industry, and the second
home marketall suffer.

CONCLUSION

In general, the Gulf appears to be in
good health; however, some coastal
areas are degraded and certain fish
stocksnolongersupporta commercial
fishery. Locally, uses of marine waters
arerestricted. Some contaminantsare
evidentat leastin trace amounts
throughout the Gulf.

The complexity of the marine
ecosystem makesitditficult to differen-
tiate effects of stress from natural vari-
ability. Research is needed to deter-
mine the ecological effects, both short
and long term, of such environmental
stressesas contamination, habitat loss,
and overharvesting. Greatly increased
monitoring is needed to fill in the gaps
in dataregarding the extent and type
of stress in the Gulf. Without such in-
formation, protection efforts will
remain unfocused.
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ummary and Future Outlook

HE GULF OF MAINE
is of greatworth not only

| to the people of the Gulf

region who depend upon itfor economic,

aesthetic, and recreational value, but also

to the many others who enjoy or profit
from its resources. Among the most
productive bodies of water on earth, the
Gulf has nourished a thriving maritime
heritage forseveral centuries.

The growth of the human population
and concommitantdevelopmentin the
Gulfregion have resulted in a series of
stresses that impinge upon the Gulfen-
vironment: tons of raw and partially
treated sewage are discharged into the
Gulf each day; industrial discharges,
urban runoff, and agricultural practices
allintroduce toxic contaminants and
bacteria to marine and estuarine waters
on achronic, sometimes acute basis;
increased fishing effort has reduced fish
stocks to all time lows; development in
the coastal zone has encroached on en-
vironmentally significant marine wet-
lands; and accidental spills of oil and
other toxic material place additional
stresses upon the Gulf environment.

Evidence of these stresses can be
found throughout the Gulf. Although
limited data exist to adequately assess
the trendsin environmental quality in
the Gulf of Maine, the warning signs of

Peter Ralston /Island Institute

Save the Harbor, Save the Bay

degradation are clear in the research
results of the last decade:

— highlyindustrialized harbors such
as Boston and Saint John are seriously
degraded;itis unlikely that such places
will ever regain all of their natural
functions;

— relativelyundeveloped embayments,
such as Penobscot Bay, exhibitelevated
levels of contaminants in sediments;

— sedimentsin the depositional basins
of the offshore Gulf of Maine contain
small butabnormal amounts of toxins,
indicating that contaminantsare being
transported throughout the Gulf,

While the effects of such stressesare
not fullydocumented, natural proc-
esses in the Gulfare clearly being af-
fected:

— certain fish and shellfish exhibit
liver lesions, fin rot, and other signs of
environmental stress;

— therightwhale, piping plover,and
other species of wildlife are endan-
gered ordeclining;

— populations of some commercially
valuable fish species depend upon an
increasingly limited number of age
classes, and some may not be repro-
ducing themselvesatall;
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The research vessel "Argo” carrying out studies in the Gulf of Maine. Effective management of the Gulf will
require ongoing cooperative research on the structure and function of the Gulf ecosystem as well as on the
effects of pollution, habitat loss, and other stresses.
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Maine Critical Areas Program

Designation of habitals of Gulf-wide significance as marine sancturaries can protect wetlands and habitat for
threatened marine mawmals, bivds, and fish.
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— health advisories have been issued
in several nearshore regions of the
Gulf to protect the public from the
hazardsassociated with swimming in
contaminated watersand eating con-
taminated seafood.

Impacts in the Gulfare not just
ecological; coastal economiesare af-
fected by environmental degradation
in the Gulf:

— the Gulf’s fishing economy is in
precarious condition because of de-
clining fish stocks;

— several hundred thousands of acres
of productive shellfish habitat are
closed to harvesting due to sewage con-
tamination resulting in serious loss of
livelihood;

— the public’sincreasing interestin
avoiding contaminated seatood may be
driving down the price of fish and
shellfish;

— loss of traditional harvesting jobs
hasaffected the characterand econo-
mies of coastal communitieswhose
fundamental heritage is maritime,

In all of the Gulf jurisdictions,
efforts are being made to minimize
stresson the marine environment.,
Initial efforts to clean up and sustain
the water quality of the Gulf focused
on point source discharges. In the last
twentyvears limitations have been
placed on the pollutants that can be
discharged in sewage and industrial



Chris Ayres

Controlling disposal of persistant plastics and liter will minimize harm lo wild{ife.

effluent. Further efforts are being
undertaken to improve sewage
treatment by upgrading to secondary
treatment, dechlorinating effluent,
and eliminating C80Os. Industriesare
increasingly being required to remove
metals and toxics from their wastes
with pretreatment techniques before
discharging into sewer systems or
receiving waters.

Bulk disposal of wastes at sea has
been almost completely halted in the
Gulf, exceptfor dredged materials.
However, limited options for land
disposal of sewage sludge and solid
and hazardous wastes may cause are-
surgence of demand for ocean disposal
andincineration.

Attempts to regulate the excavating
and filling of coastal areas, especially
wetlands, has notalways been effective.
The impact of wetland loss and
impairment on the living resources of
the Gulfis poorly quantified, but is
believed to be signiticant. A broad
consensus hasemerged on the need to
do more to protect wetlands and other
vulnerable habitats.

The harvesting of fish, although it is
managed throughoutthe Gulfregion,
appears to be taking place ata rate
that outpaces the ability of fish stocks
toreplenish themselves. Independent
managementof transboundary fish
stocks by Canadaand the U.S. is exac-
erbating thesituation.

Publicattention is turning to the
control of nonpoint sources of pollu-
tion in the Gulf- their relative impor-
tance has not been quantified, butas
pointsourcesare cleaned up and land
along the Gulf coastis developed, it is
clear thatthe contribution of nonpoint
sources to the cumulative stress on the
Gulf ecosystem isincreasing. Unlike
pointsources, nonpointsources are
poorlyregulated. Some are regulated,
butthe laws are not enforced, such as
overboard discharge from marine
toilets in the U.S. Some sources, such
asindustrial smokestacks, are meeting
regulatory standards, but the require-
mentsaddress only local air quality,
and are, in fact, intended to resultin
wide dispersal of pollutants, encourag-
ing long range transport from heavily
industrialized distant regionsto areas
like the Gulf. Regulation of other
sources, such as stormwater runoff, has
heen avoided because the costs are so
great. The nextchallenge is to address
these sources.

FUTURE OUTLOOK

Of greatestimportance for the future
is the knowledge that the Gulf of
Maine can be protected. While
warning signsof environmental
deterioration are evident, much of the
Gulf remains healthy. Preventive
action, however, will be required to
maintain the high environmental
quality of the Gulf as well as to reverse
all trends toward degradation.

The Provinces of Nova Scotiaand
New Brunswick, the States of New
Hampshire and Maine, and the
Commonwealth of Massachusetts have
initiated a cooperative effort to
explore opportunities to ensure the
continued viability of the Gulf'and its
many uses. In addition to the design
and implementation of a Gulf-wide
environmental quality monitoring
program, presentation of pollution
abatementworkshops, and sponsor-
ship of a major conference on Gulf
issues, a ten year action agenda will be
developed.

The Gulf of Maine must be man-
aged as an ecosystem rather thanasa
series of political jurisdictions. Prog-
ress in environmental managemeniwill
require that we:

— establish along-term, cooperative,
environmental managementstrategy
and legal framework to unite the
protection efforts and responsibilities
ofthe bordering States and Provinces
within a regional alliance;

— develop and implementa Gulf-wide
marine environmental quality monitor-
ing program;

— develop and maintain acomprehen-
sive environmental database and
publish a Gulf of Maine atlas;
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“We need to stop looking at environmental issues as though they were court cases. We need, instead, to think of
ourselves as homeowners buying insurance. You don't insure against the absolutely predictable. You protect against

the possible. Nor do you wait to establish causality. You recognize that ownership — and stewardship over the
environment — involves risk-taking. So defend yourself against large and irreversible damages." RUSHWORTH KIDDER

— apply the conceptof sustainable use
to the management of the Gulf’s ocean
and coastal resources;

— reverse the trend of shellfish
closures by controlling sewage dis-
charges to coastal waters;

— abate and preventnonpointsource
pollution by managing land use
activities that introduce contaminants
to the Gulf;

— abate and prevent point source
pollution by eliminating combined
sewer overflows, developing and
implementing more effective wastewa-
ter treatment technology, and enforc-
ing industrial pretreatment;

— controldisposal of persistent
plastics and litter;

— identify habitats of Gulf-wide
significance thatshould be protected
as marine sanctuaries, including
wetlands, and habitat for threatened

201330 Bumumery s1mg aume

The first Gulf=wide shoreline cleanup was held in the fall of 1989. marine mammals, birds, fish, and
otherliving resources;

Abroad-based understanding of the
ecological and economicvaluesof the
Gulfis essential for the improved
stewardship of the Gulf. Toincrease
public awareness, it will be necessary to
improve publiceducation, Lo:

— develop curriculum supplements,
school programs, videotapes, public
service announcements, brochures,
and public participation programs;
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— compile fisheriesand other statistics
on a Gulf-wide basis, and make them
readilyavailable;

— publish a popularized version of a
Gulfof Maine atias;

— conduct annual, Gulf-wide shore-

line cleanups;
— develop acitizen’s guide to environ-
mentally sensitive land use practices.

Effective managementof the Gulf
will require ongoing cooperalive research
on the structure and function of the
Gulf ecosystem as well as on the effects
of pollution, habitat loss, and other
stresses. Toimprove our understand-
ing of the Gulf, it will be necessary to:

— establish regional research priori-
ties, standardized sampling and
analytical methods, and a cooperative
research strategy;

— conduct research on the sources
and fates of contaminants in the Gulf
ccosystem and develop techniques for
assessing their ecological and cumula-
tive effects;

— evaluate indicators of chronic
contaminanteffects and hazards to
human health;

— conductresearch thatidentifies
favorable approaches toresolving the
Gulf's pressing managementissues.

Much is already being done to
protectand enhance the Gulf environ-
ment. Billions of dollars are being
invested in expanding and improving
sewage treatment, To restore popula-
tions of salmon and other fish, millions
of smolts are released in the Gulf’s
estuaries each year and fish ladders are
being installed in many dams. Hun-
dreds of volunteers have participated
in shoreline cleanup efforts; the first
Gulf-wide cleanup was held in the fall
of 1989.

Many are also capitalizing on sound
opportunities to benefit from the
Gulf’sresources: aquaculture and
tourism are representative of new and
expanded economic activities that
thrive on a healthy environmentand
are prepared to meet the challenge of
sustainable development.

The future depends on our ability
to foster partnerships that bridge the
Gulf, to fathom the complexity of its
ecosystem, and to mitigate the stresses
we inpose upon it. The rewards of
such endeavors willbe immense; the
consequences of complacency, ifwe do
notact, will be equally great.
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Aquaculture- the organized cultivation of
marine plantsand animals for human use
and consumption,

Benthic-bottom-dwelling.

Biomass-the weight ofall orselected living
material in a unitarea atagiven instantin
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 of an activity when added
to the impacts of other past, present, or
foreseeable future activities.

Demersal-living on or near the sea bed.

Diadromous-fish that migrate between
freshwater and saltwater to spawn (salmon,
shad, striped bass, alewives, herring).

Ecosystem -acommunity of living plants
and animals thatinteractwith one another
and their physical environment. The entire
Gulf of Maine can be considered as a single
ecosystem comprised of many intercon-
nected ecosystems such as rivers, bays,
estuaries, beaches, and islands.

Effluent- any matter thatenters the
environment from a specific source; the
term generally refers to waste water from a
sewage treatment or industrial plant.

Estuary-any confined coastal water body
which actsas atransition zone between
fresh-and saltwater.

Glossary

Eutrophication- an increase in the concen-
tration of nutrients in bodies of water due
tonatural causes, human influence, ora
combination of both; the resulting increase
in productivity of aquatic plantsdepletes
dissolved oxygen, reduces water quality,
and kills aquatic organisms.

Gyre-a circular flow of water.

Nonpoint Source- dispersed sources of
pollution thatdo notenter the water at
discrete oridentifiable locations.

Pathogens-substances which cause discase.

PAHs-polycyclicaromatic hydrocarbons
are cancer-causing substances thatare
released during the combustion of wood
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. thatare ofenviromental concern due
to theirwide dispersal, chronic toxicity, and
theirability to accumulate in the food
chain. PCBsarenolonger manufactured,
bucare still in use.

Pelagic-living in the water column

Persistent-compounds thatare notreadily
degradable by physical, chemical, or
biological processes.

PointSources-directdischarge of pollut-
antsinto the water by a single source of
conveyance, such as a pipe from a sewage
treatment plantorafactory.

Productivity- rate of formation of organic
matter averaged over some determined
period of time, such as a day or year,

Recruitment-number of young annually
added toa population.

Red Tide-the concentration of certain
toxin-producing dinoflagellates (micro-
scopic plankton) which contaminate filter—
feeding shellfish.

Salt Marsh-a saltwater wetland character-
ized by non-woodyvegetation such as
grassesand sedges.

Sublethal - below the concentration that
directly causes mortality. Exposure to
sublethal concentrations of substances may
impactan 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- minute forms

ofanimal/plantlife which swim or driftin
aquatic environmenits,
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