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The nffsliorc ivatcr in the bc>id ot th» Aria»tic coastline fro>n Long Island nn one side to Neiv Jersey on thc
otliei is k>>ov» as Nciv York P>ill>t. This 15, >00 squi<rc >niles of th«Atlantic cnastal ocean reaches seaward to thecdgc OF thc contin»»tal shelf, 8 ! to I'� n>iles offsl>nrc. It's the front doorstep of Nevv York Citv, one of the
ivorld's I»ost int«»sivcli. used c »st;d,>rcas for recrcatiun, shipping, Fishing and shcllfishing, and for du»><pi»gscivag«sludge, co»structio» rubble, a»d industri;>1 wast»s. Its pnteiitial is being closelv eyed For resou>ccs like
sa»d i>nd  nav«l � and oil ii»d gas.This is o»c of ii seri«s  » t»clinical »>nnng>aphs on thc Bight, su»>n>ariziiig ivhat is knoivn and identiti ing
ivhat is unknoivn. Those in;>ki»<g critic,>l n>an;!g«nl«»t decisions affecting thc Bight region arc acutcli aivar» that
th»i »»cd»>or«dat;> tlia»;>rc univ;>vaih>bl«on the complex interplav a>no»g processes in thc Bight, and;<bout
the huina» h»pact on tllosc ploce'sscs. Thi mo>iog.aphs provide a Iu»>ping-nff' place for further research.

Thc seri«s is a cooper;itive»tfoi t b»tive«» tl>c National Oceanic and Atmospheric Admi»istratin»  NOAA!
and tl>c Neiv York Seri Grit»t 1»stitutc. NOAA's Mariiic ECOSOC steins Analysis  MESA! prog am is risponsibl» for
Icli'»'t>f'v > ng i>nd »1«as II >»g the  >lip >ct 0 F ina» on the nlar1»e i'nv>1'nun>cut and its resources. The Sea Grant
I>istitute  of St;ite Univ«rsiti ot New York aiid Cornell Univcrsiti, and an affiliate ot NOAA's Sea Grantprom>>i»> co»ducts;> vari«tv of r«s«iirch a»d educatin»al activities on the sc;1 a»d Great Lakes. Togcth .:r, Sea
Gra»t and MESA;>r«pr«p;»i»g;>» at1as OF Nevi Yorl Bight that  vill suppli: urgentlv nccdcd e»vironn>e»tal
i»for»>ation to polici-i»a1 «rs. industri«s. «du»i>tional i»stitutio»s,;>nd tn int»rested people.

ATLA'S MONOGRAPH 17 looks;>t the sti>tus and future Of aquaculture in the New Yc!rk Bight area. The
severitv ot urba»-related e»vi>0»»ic»I;>I problem> in the Bight need not always have a nega ive inipact on
aquaculture; n>orc ratio»iil mai>;>gci>ic»t of uib,»> wastes and nf land use could create a mutuallv beneficial
i>iteraction betw .ci> tlic aqui>cu1> iir ~ i»dustri and otlier Bight activities. Terri sees the possibility of aquacultural
expansion in mani areas; i>dvai>ced hi>tchcIi' tcchllolog's' tor tintishes and crustaceans; extensive ocean ranching
ot tinfislies; ai>d kelp f>1'niino. Altlinugh these adva>ices currentlv depend mostly on economic consider;>tions,
lou<>-ter>» expa»sio» ot aqiiacultur » ivill �lsn bc infiue»ccd heavilv by water pollution and legislative controls.
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The distinction between aquaculture and fish-
eries is sometimes fairly minor but still quite definite,
A fishery is the hunting of wild organisms in the sea,
oi. in fresh water, whenever and wherever they can be
found and successfully collected. Just as game man-
agement and regulation improve hunting on land,
fishery science and management seek to improve
aquatic hunting. Two ways of doing this are to 1!
develop better technical methods and equipment for
fishermen, and 2! accumulate knowledge about target
species and their role in the aquatic ecosystem. The
latter kind of informatio, increasingly essential to
successful fishing, begins to make possible the regula-
tion and management of fisheries for maximum
overall human benefit, whether measured simply as
optimum sustained yield of a particular species or a
part of some more general measure of ecosystem
productivity. All such efforts are mainly concerned
with harvest of a naturally recruited and naturally
growing resource. The obvious next step is to aim the
actual growing of the anticipated crop in some
preferred direction. This is aquaculture.

The objectives and methods of aquatic culture
can be classified from various perspectives, The
simplest is along a spectrum of culture Intensity,
based on the physical means by which the crop is
contained. When the culture site is an outdoor area
with limited environmental control, such as a pond or
oyster bed, the operation is called an extensive
culture. The main advantage is lower cost, the main
disadvantage is relative lack of control. An interline
culture site could be a tank or perhaps a silo, of much
smaller volume but with considerably better control
of conditions inside. Because of mote effective
control, and higher cost, the density of crop organ-
isms in an intensive culture is usually greater than in
an extensive one.

The characteristics of the organism and a multi-
tude of other circumstances influence the choice of
culture intensity at any particular time and place.
Often different stages of a single crop's life cycle are
cultured under different conditions � one stage may
be intensive, another extensive. For example, oysters
may be carried through their early stages in a modern

Figure 1. Modern oyster hatchery, Long Island Oyster Farms, Northport, Ll  Courtesy of Long Island Lighting!



reservoir

hatchery under intensive culture conditions  Figure
1!, then moved to outdoor beds for growth to
maturity  extensive!. Salinonid fishes can be moved
from the hatchery  Figure 2! to either silos or cages
 intensive! or be released for ocean ranching  exte'n-
sive!. In general, early stages of an organism's life
cycle are more likely to be cultured intensively. This
approach is aimed at reducing the naturally high early
mortality of most inarine organisins. Such a partial
intensive culture is also more economically feasible
because the early stages require less space and food.

Aquatic organisms are as dependent on water
quality as air bxeathers are on fresh air. Extensive
culturing depends on natural water exchange, tides,
currents, or stream flow, to remove toxic wastes and
to bring in fresh supplies of dissoIved oxygen,
waterborne nutrients, and natural foods. As a culture
becomes more intensive, the increasing concentration
of crop organisms usually makes artificial wat er
exchange necessary. A system using some large
natural water body as its reservoir, from which new
water is constantly drawn and to which "used" water
is returned, is called an open oi flow-thxough  inten-
sive! system. A closed or recycling system, in con-
trast, restores the quality of the used water by
sending it through a filter or series of filters, &om
which it is returned to the culture for reuse  Figure
3!. Each method has important advantages, soine
economic, others biological; various intermediates or
combinations of these methods can be developed.
Almost all closed systems do, in fact, provide for
some water replacement, since coinplete restoration
of water quality by filtration is not practical or even
possible outside the laboratory.

Figure 2. New Hampshire salmon hatchery containing fiber-
glass tanks in which salmon are raised from eggs
 Photo by M. Taylor!

The Sight as Aquaculture Site

Ainerican aquaculture, like recent American agricu1
ture, has so far been mostly a high-capital, energy-
intensive, labor-saving enterprise, despite the occa-
sional move in a different direction  Aquacutture and
the Fish Farmer 197 5a; New Alchemists Journal
1973, 1974; GaHese 1976!. Under American condi-
tions, and especially those of the Bight region, it is
probable that the high-technology trend will con-
tinue, only partIy for economic reasons. Involved are
high prices for almost everything, competition foi
space on and near shore, and the technical difficulty
of offshore expansion. Present aquaculture in the
Bight is confined to the xnore sheltered bays and
estuaries, from Long Island Sound on the north to
Delaware Bay on the south. A great deal of expansion
is physicaHy possible in these areas, but there are also
important constraints, mainly water pollution and
legal-jurisdictional difficulties. Even if these current
industry problems can be effectively disposed of in
the future, major expansion will ultimately have to be
toward the inore open waters of the Sight proper.
This will only be accoinplished with major capital
investinents, whether private or public. When the
profit opportunity-or the public need � becomes
great enough, the investment will be made. Only the
tiining remains in much doubt.

IQ I%
biological fitter

Source: Eplfeno end Hlootz 1916

Figure 3, Recycling culture system
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New York Bight  see Map 1!, nat surprisingly,
offers both advantages and disadvantages as a site for
expanding US aquacultural production. The high
degree of urbanization of its shorelines means high
costs, competition for space and labor, and perhaps
most serious, pollution. On the favorable side, urban-
ization provides markets, high technology, scientific
leadership, and the chance for mutually beneficial
interaction with various urban activities and services.
The current status of aquaculture in the Bight region
is not a good indication of its potential there; new

Significance of Aquaculture

It has become a common observation that American
aquaculture is interested only in luxury foods for the
rich, making it seem an unnecessary indulgence in an
increasingly hungry world, This assessment is not
only inaccurate but' based on a misunderstanding of
the role of price in a market economy. Catfish culture
is a good example of large-valume output of a
reasonably priced faad. There is no apparent reason
why culture of various marine species could not reach
the same status in due time; none has to date mainly
because not enough research and development effort
has been invested. Oysters, however, were once a
relatively cheap and commo~ food, There are stories
from colonial New England of local regulations to
prevent masters from feeding their servants too
&equently with lobster, which was then plentiful.
Which species wilI constitute the inexpensive food of
the future  if any! is impossible ta predict. Part of the
respansibility for slow development of aquacultural
food production in this country lies with the fact that
it must compete in the supermarket with a relatively
cheap and abundant food supply from American
agriculture. As this situation changes, in response to
increased demand worldwide for agricultural products
and to increased energy costs in producing them, the
apparent "luxury food" status of American aquacul-
ture will vanish. Aquatic foods will appear at compet-
itive prices and in larger volume, perhaps pushing
some agricultural products into the luxury-priced
category,

technalogies, both in culture and in pollution control,
can make a vast difference over the years ahead. In
the near term the rate at which changes actually come
wiH depend mostly on economic considerations.
Anything that makes aquaculture's product more
valuable on the one hand or cheaper to produce on
the other  or some combination of the two! will tend
to expand production. Active support by government
at all levels, frequently lacking at present, could also
make a substantial difference in the rate of progress.

Another common conception about aquaculture
is that we still don't know how to culture marine
organisms � that the problem is biological. In many
cases this is aniy too true. For example, despite
repeated attempts, no one has yet reported successful
culture of the common squid  Aquac~lture arrd the
Fish Farrrrer 1975b!. There are a number of finfishes
and shellfishes whose culture has only recently been
seriously attempted and many potential food species
we know next to nothing about. On the other hand, a
considerable body of knowledge does exist about
culturing a few species  Bardach et al 1972!. Most of
these are already being commercially produced some-
where in the world today. Their culture was originally
adopted simply because it was easy � and often
relatively inexpensive, The oyster is a prime example,
Other shellfish, like the American lobster, can be
cultured successfully on a laboratory scale but the
cost is still too high for commercial production.

Just how important is present-day aquaculture
as a factor in world food supply? This is nat an easy
question to answer. There is no standard global
definition for aquaculture; statistics-gathering and
reporting methads are not uniform, What is called
aquaculture in one country may be classified as part
of fisheries or agriculture in the next. Private industry
may not wish to release figures while public agencies
could have an interest in slanting them one way or
the other. As a reset, no listing af world aquaculture



Table '1. Estimated world production through aquaculture in 1975

Metric TonsMetric Tons

3,980,492 15.663
4,000
4,000
3,300
2,779

900
549
105
30

Shrimps and Prawns
india
Indonesia
Thailand
Japan
Ecuador
Taiwan, Province of China
Singapore
Korea, Republic of

2,200,000
81,236

490,000

591,386
229,899
129,060
71,448
56,008
45,000
23,000
13,359
9,200
5,080
3,000
2,289
1,500

870
782
700
191

Oysters
Japan
USA
France
Korea, Republic of
Mexico
Thailand
Taiwan Province of China
Australia
Canada
United Kingdom
Spain
The Nether lands
Chile
The Philippines
New Zealand
Senegal

IHussels
Spain
The Netherlands
Italy
France
Germany Federal Republic of
Korea Republic of
Chile
Yugoslavia
The Philippines
New Zealand
Tunisia

328,517
160,000
100.000
30,000
17,000
14,000

5.578
1,260

287
182
150

60

Clams
Korea, Republic of
Taiwan, Province of China
The Philippines

38.851
24,920
13,'898

33

62,600
62,600

29,987
28,000

1,243
733

11

Scallops
Japan

Cockles and Other Molluscs
Ma laysia  cock les!
Taiwan, Province of China
Korea, Republic of
The Philippines

1,054,793
502,651

Seaweeds
Japan
China-all provinces excluding

Taiwan Province
Taiwan, Province of China
Korea, Republic of

300,000 ~
7,347

244,795

6,102,289TOTAf.

Source: Pilley 1976

11

Finfish
China � el I provinces excluding

Taiwan Province
Taiwan, Province of China
India
USSR
Japan
Indonesia
The Philippines
Thailand
Bang lad ash
Nigeria
Poland
Vietnam, Republic of
Yugoslavia
Romania
Hungary
USA
Italy
Madagascar
Germany, Democratic Republic of
France
Czechoslavakia
Israel
Denmark
Brazil
Germany, Federal Republic of
Sri Lanka
Egypt
Mexico
Malaysia
Zaire
Cuba
Hong Kong
Norway
Austria
United Kingdom
Finland
Belgium
Tanzania
Burma
El Salvador
Canada
Greece
Chile

Uganda
Singapore
Kenya
Nepal
Venezuela
Switzerland
Ireland
Korea, Republic of
The Netherlands
Ecuador
Central African Empire
Cyprus
Ghana
Zambia
Paraguay
Ivory Coast
Puerto Rico

210,000
147,291
139,840
124,000
80,000
76,485
75,000
38,400
30,000
27,000
25,000
23,515
22,333
20,500
17,392
16,000
15.000
12,222
12,169
12,120
12,000
8,900
7,659
7,000
7,000
6,559
5,000
4,500
4,019
3,500
2,500
2,000
1,940
1,800
1,500
1,500
1,208
1,103

900
800
700
680
400
400
332
300
207
169
129
90
43
40
40
29
23

10 9
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production would claim to be precise, The most
comprehensive survey is the one assembled by the
Food and Agriculture Organzation of the United
Nations  Pillay 1976! and reproduced here as Table 1.
The 6 million inetric ton total �975! constitutes
perhaps 10%%uo of world fishery output  Food and
Agriculture Organization of the United Nations
1974!, Pillay anticipates a doubling of world aquacul-
ture production in the next decade, based on present
technology, Since it appears certain that improved
methods will be developed in 10 years, a much
greater expansion is probable. It appears unlikely that
fishery production will increase at this rate over the
same period.

Historically, two now-traditional aquacultures were
probably the first to become significant. These are
oyster culture and pond culture of fresh- and brack-
ish-water fishes. Fish culture in the Orient may have
been established as early as 1200-1400 BC on the
island of Java in the East Indies  Nelson 1971!. From
there it likely spread to the mainland of Asia and
eventually to Europe. Trout, salrnonid, and catfish
culture in the United States are relatively recent.
Nelson estimates that of the 3 million metric tons of
finfish produced through aquaculture in 1971, 80%%uo
was in the Far East  see Table 1!. In this country the
original initiative arose from a need to replenish
depleted stocks of native fish species, as mainly sport
fisheries. Hatchery technology, originally developed
to grow fingerlings for release  in fishing streams!,
provided the foundation from which culturing to
market maturity evolved. Farming of salmon  Figure
4! and trout, as well as catfish, is now a well-estab-
lished, viable industry in the United States.

From oyster culture came the beginnings of culture
enterprises for other bivalves, includIng that of the
blue mussel  Mystilis ediitis!. Mussel culture in Spain
is relatively recent but now seems to have become
well established. The quantity of meat produced per
unit area on ropes suspended from rafts is legendary
in the aquaculture industry. Transplantation of the
Spanish technology to the United States is being

actively attempted  Hurlburt and Hurlburt 1975!, but
substantial production has yet to develop here,
However, hard clams  Mercenaria mercenaria! are
being cultured commercially on Long Island, and
culture of the bay scallop  Argopecten irradians! is
close to being economically feasible  Castagna and
Duggan 1971!.

Shrimp, The other major group of invertebrate
marine food organisms, the Crustacea, are natural
candidates for marine farming, but their culture has
encountered many problems. In Japan, shrimp have
been grown successfully in tanks, on a relatively large
scale, but apparently this is economically feasible
only because of a Japanese preference for buying live
shrimp. This demand cannot be satisfied from fishery
harvests. Shrimp farms exist in other nation.s, includ-
ing the United States, but have yet to establish their
commercial profitability.

Lobster. The history of lobster  Hamarus arnerican~s!
culture is short but colorful. Looking back over that
history, it seems likely that efforts will be made to
grow in captivity this king of American seafoods.
Lobster prices have becoine almost astronomical in
recent years, reflecting a diminishing supply in a
rapidly expanding market. Long-established hatchery
technology and annual replenishing of wild lobster
stocks provided a foundation from which recent
widely publicized atteinpts at farming lobsters to
maturity developed  Hughes 1968!. Unfortunately
the problems involved turned out to be considerably
more formidable than most of those concerned with
lobster culture research had anticipated. Several
major problems still remain essentially unsolved.
Commercial lobster culture will eventually become
feasible either when the market price rises enough to
cover present high culture costs, or when further
advances in lobster culture science and technology
bring costs down. In other words, when there can be
a reasonable expectation of profit  Klopfenstein
1975; Fish Farming Internatianat 1975b!. The cost
reduction route looks more probable  Rutherford
1973!, but is far from assured at this time.



Aquatic Plant Culture

1!. The idea of seaweed culture is just beginning to be
taken seriously in other coun. tries, including the
United States. One intriguing aspect of seaweed
farming is the sheer scale of its potential for
expansion, If we can artificially provide � and this is
still a large "if" � two requirements, a supporting
artificial substrate and an adequate supply of the
major plant nutrients, we should be able to grow
seaweeds over a significant fraction of the earth' s
water surface.

The possibility of a major expansion of the
world's food and energy supply through t' he use of
the ocean surface for farming seems quite real though
certainly not yet generally recognized. At present
only coastal  and inland! aquaculture of finfishes and
bivalve niollusks inake a really important contribu-
tion to world food supplies  Table 1!. Sea plant and
crustacean cultures are still far behind and only
beginning to be significant, Yet all have a tremendous
potential for improvement based on research and
technical development. Together they constitute one
of the most protnising avenues toward expanding the
world's food base  Hanson 1976!. If world popula-
tion control is not effective, and there is little
indication that it will be, our descendants could find
aquaculture as essential to human survival as ordinary
agriculture is today.

Plant growth is the foundation of virtually all
terrestrial food chains, and as far as the human diet is
concerned, often their entirety. We simply eat the
plants. But the marine organisms we customarily eat
are almost all animal. Partly because marine plants are
so different in character from land plants, most
societies seldom think of them as foods and even tend

to over1ook their role in primary ptoductivity. Such
attitudes are due for a change in future years,

The preponderance of marine primary produc-
tion comes from microscopic phytoplankton, mainly
visible to human eyes only as occasional toxic "red
tides." Only limited use has ever been made of
phytoplankton cells directly as huinan food, although
many species can be cultured and are routinely used
as food for cultured bivalves  Bardach et al 1972!.
These microscopic plants appear in fact to have an
enormous undeveloped potential as cultured crops for
a variety of food-related and nonfood uses.

Large benthic seaweeds also have interesting
possibilities and these are being at least partially
exploited. Japan, China, and Korea use substantial
quantities of seaweeds in their national diets and now
culture a major fraction of these requirements  Table

Figure 4. Cage  net! culture facilities of salmonids in Puget Sound  Courtesy of National Marine Fisheries Service, Northwest and
Alaska Fisheries Center!
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Oyster Aquaculture

Dependence of the oyster resource on aquacul-
ture is not, of course, the way things were oriip'nally.
At the time of the earliest European colonization
there is reported to have been an abundant natural
supply of native oysters along the coasts of what we
now call New York Bight. They were an important
food for the colonists, as they undoubtedly had been
for previous Indian residents. Many early reports
stress the size and number of oysters then found even
around Manhattan Island, where they continued to be
harvested for many years  Kochiss 1974!. Various
local place names are evidence of this natural bounty
� Oyster Bay, LI  where cultured oysters now grow!,
Oyster Ponds, LI  now Orient, and virtually oyster-
less!, and many other water bodies called Oyster

Of the various marine resources harvested from the

Bight region, only oyster production is as yet based
entirely on aquaculture. The industry there is now
slowly recovering from its near-collapse in the late
1950s and 1960s  Table 2!. Total 1975 oyster
production in the Bight's tri-state region is estimated
at 1,642 metric tons of meats  McHugh and Williams
1976!. Most of the seed  young oysters! used is still
of natural origin and wild parentage, though it is
exposed to a sequence of culture operations before
reaching market. Without this human intervention�
which even today still consists mainly of moving the
oysters about on the bottom for better growth and of
controlling natural ptedation � harvests would be very
much smaller.

Table 2. Production of oysters, New York landings

Oyster, American
New York

3,313

6,306
6,037
6,635

7,464

8,290

2,655

Sovrce; McHugh and Williams 1976

Year
1880

1887

1888

1889
1890

1891

1892

1897

1901

1904

1908

1921

1926

1929

1930

1931

1932

1933

1935

1937
1938

1939

1940

1942

1943

1944

1945

1946

1947

6,151
5,616

9,108

5,872
4,274
3,232

4,1 69

4,202

3,027

2,284
2,763

2,616

4,438
4,630
2,845

3,206
2,903
2,996
3,237
2,301
2,626
2,624

 metric tons!
New Jersey

6,27'l

8,318

8,016

3,382
3,609
3,486
3,650

4/30

6,643
4,'157

2,920
5,011

5,083

7,042

5,364
6,533
3,885
3,453

3,838

2,070
2,630
2,312
2,695

2,504

2,732
2,558
3,514

Year
1948
1949

1950

1951

1952

1953

1954

1955

1956

1957

1958
1959

1960

1961

1962

1963

1964

1965
'I966

1967

1968

1969

1970

1971

1972

1973

1974

1975

Oyster, American
New York

3,153
3,690
3,986

4,256
2,958
1,286

775

614

485

484

479
404

367

357

330
179

97

91

eo

46

79
97

235

353

504

631

705

956

 metric tons!
New Jersey

2,716
3,214
3,285

2,613

3,626
3,848

3,324

2,361
2,496

1,234
376

94

76

499

705

234

498

237

315

466

599
480

303

385

778

634

458

441



Pond, like the one near Montauk Point, LI. Signif-
icant quantities of naturally recruited mature oysters,
however, are no longer found in the Bight region.
The history of the oyster industry over the years is
one of gradual replacement, mainly during the nine-
teenth century, of a natural crop by a cultured one.
The reasons for the change are complex, though they
undoubtedly include both overfishing and po11ution,
as well as technological advances, The result: oyster
fi'shirrg has become unrewarding, but oyster culture
remains economically feasible as an industry.

P ~ *
s
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I I I I I

Loca1 versions of oyster culture, which are
found throughout the world, have often been prac-
ticed for centuries. Pach version has been developed
through experience and observation to capitalize on a
particular set of local conditions, although there are
many cornrnon features. According to Kochiss
�974!, the earliest beginnings of an oyster culture
enterprise in the Bight region occurred sometime
after 1820, on the Connecticut side of Long Island
Sound. It consisted of moving young seed oysters
from good setting grounds, where natural recruitment

The American oyster  Crassostrea virginica! is
almost uniquely adapted for easy aquaculture. In
nature, mature oysters lying on the sea bottom are
stimulated by summer temperatures to release their
eggs or sperm into the surrounding waters. The eggs
are fertilized in suspension and the larvae float, later
swim, free in the waters, for up to several weeks.
During this period the larvae are extremely vulnerable
to predation by zooplankton, to being stranded on
the beach or washed out to sea, and to destruction by
storms and other unfavorable environmental condi-
tions. The tiny fraction that survive eventually attach
themselves, or set, on almost any available solid
surface and, if conditions happen to be favorable at
that spot, they grow over a period of years to adult
size. They can also be dredged up by man and moved
en masse to some other location. If this is carefully
done, there is only slight risk of damage in transit.
The crop can be moved from a setting area to a
growing area, or succession of growing areas, and
fmally to a. fattessirsg ground as it matures. All this
moving is not, of course, done at random. Conditions
in the various areas are not the same, and different
growth stages have been found to proceed best in
different locations. The entire sequence, or any part
of it, can even be carried out in mdoor tahs, for
more complete control of growing conditions  Maurer
1973!,

Figure R Set of juvenile oysters attached to the inside of an
old oyster shell {Photo by A. Longwell!

of set occurred, to good growing grounds, where the
juveniles were observed to mature more successfully.
The next refinement was to plant clean oyster shells
on the bottom in setting areas at times when the
naturally-produced oyster larvae in the water column
could set upon them  Figure 5!. The shells with
attached young oysters could then be readily moved
to other locations as desired. With increasing experi-
ence the methods for harvesting and distributing were
graduaHy improved and have now become highly
mechanized. Techniques have been developed for
predator control, both mechanical  mop-like devices
dragged over the beds to en tangle starfish! and
chemical  quicklime and other' toxic materials that
can be broadcast to kill starfish and drills!. Only in
the last couple of decades have more sophisticated
hatchery methods for the production of oyster seed
been widely adopted here, the first major break with
traditional practices in the industry.

Jurisdiction Over Oyster Grounds

Oysters began to be cultured because there was a
ready market for the crop and the cost of culture was
low enough to permit price competition with the wild
product in that market. Another very important
factor quickly became involved, however: the ques-
tion of owneiship or private control of the sea
bottom where culturing takes place. Marine resources,
including wild oysters, have traditionally been
regarded as common property-belonging to whom-
ever was able to harvest them. Under English, and by
derivation American, common law the seabed itself
below high water mark belongs to the people, being
held "in trust" for them by the Crown  federal
government!, the state, or a local jurisdiction, as the
case may be  Kane 1970!. The same is generally true



of fishery resources, though not necessarily of seden-
tary shellfish when actually planted by an individual.
These would still be considered the planter's private
pr op er t y  Kavenagh, personal communication;
Matthiessen and Toner 1966!, but he might expect
considerable difficulty in defending such rights
 Hanson 1974! especially if any naturally recruited
sheHfrsh were also present. No private planter would
be likely to invest heavily in planting and cultivating
an undersea crop unless he could be sure of exclusive
rights to the harvest. Some resolution of this problem
was absolutely necessary befoi.e oyster culture cauld
progress far, Either the planting would have to be
accomplished by socialist principles � at government
expense and for the use of all � or private rights to
oyster grounds would have to be recognized. Histor-
ically, the second alternative was generally adopted;
by the mid-1800s the states adjoining the Bight had
passed laws under which grants and leases of under-
water tracts were made to individuals  Kochiss 1974!.
Most of these laws are still in force. Today' s
economists commonly support the concept of a lease
system because of its greater efficiency and overall
productivity  Agnello and Donnelley 1975, 1976!.
Each of 'the three states surrounding the Bight
developed its own pattern of jurisdiction; New York
has the most complex system.

New York Laws. The underwater lands in New York' s

part of Long Island Sound are under the direct
control of the NYS Department of Environmental
Conservation  NYDEC! for leasing purposes, but with
the restriction that no significantly productive natural
shellfish beds may be leased ta private individuals.
Actuany, no leases in the sound have been granted in
recent years mainly because of opposition from
individual harvesters who wish to retain public access.
A citizen's committee has recently been formed ta
assist the NYDEC in drafting rules and guidelines for
leasing and lease management. The state leasing
system does not extend to all of New York's shellfish
grounds. Jurisdiction over the Peconic and Gardiners
bays for this purpose has been assigned to Suffolk
County by the state legislature  Chap. 990 of the
NYS Conservation Law of 1973!. At present the
county is engaged in developing methods to precisely
locate and map boundary lines for leases in these
bays. Old maps of previously leased or granted plots
are not considered accurate enough for current needs,
even though some of the old grants to private
individuals remain in effect and same grounds are stiH
being used for growing oysters.

A different system of jurisdiction applies to the
Great South Bay complex of southern Long Island.
Here ownership of bottom lands, traced to early
colonial grants, is now divided among the several
town governments and a private shellfish firm. In one
township-Islip � some areas are leased for private
aquaculture, mainly of hard clams rather than oys-
ters. The balance is open for public harvest, under
rather specific ground rules and a license system. The
privately owned grounds are used by their owners for
culturing purposes.

It should be noted that all these jurisdictions
permit harvest for market or home use only on
condition that the waters at that location are of
approved quality. Essentially all the waters closely
surrounding metropolitan New York City are closed
to shellfish harvesting  Map 2! under federal/state
regulations, thus, riot approved, because of a high
incidence of coliform bacteria. When water quality, as
measured by bacteria levels, does not meet prescribed
standards, the law bans shellfish harvest from grounds
beneat'h that water, except in special situations where
the shellfish are ta be placed in clean water for
depuration  self-cleansing! and later reharvest  Russell
1974!. Many areas around other population centers in
the three states are also closed. There is long-standing
controversy over the details of the testing procedure
involved in closing these areas. Many clammers feel
the present standards are unreasonably strict. It seems
clear, however, that most of the closed areas are in
fact sewage-polluted to some extent and that if
shenfrsh from the closed areas were allowed to reach
the market there could indeed be a threat i:o human

health. How serious a threat this might be is in
dispute. There is little doubt that clams kom closed
areas actualy reach the market illegally, with no
reported harmful effects on consumers. On the other
hand, reporting procedures are probably less than
ideal and may conceal existing problems.

Connecticut Laws. Connecticut's shellfish lands are

controlled partly by the town governments and partly
by the state  Kochiss 1974!, Lands claimed by the
towns on the basis of colonial grants are those close
inshore, including coastal bays and estuaries. The
state controls the grounds under its half of Long
Island Sound proper. Some of the grants are perpet-
ual so long as taxes are paid. Most are for a limited
number of years  Cori nec tie~ t Cene rat S tate tes
1975!. As m New York, naturally productive oyster
beds may not be leased to a private interest, a
provision which can obviously lead to some differ-
ences of opinion.

16
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New Jersey Laws. The New Jersey situation is
somewhat simpler: the State Shell Fisheries Council
controls the leasing of all publicly owned shellfish
beds. Much of the grounds, including some natural
oyster seed areas, are privately owned. Of the total of
about 400,000 acres of potential shellfish waters in
the state  one-half in Delaware Bay!, approximately
one-fourth are now closed due to pollution  H.
Haskin, personal communication!, Present' New
Jersey oyster culture is based entirely on the use of
natural seed relaid on leased beds for growth. Here,
again "no exclusive right to natural beds" may in
principle be granted  iVew Jersey Statu.tes 1975!, but
in practice apparently is in some areas.

Opposition to Leasing. Despite a traditional policy in
favor of leasing publicly owned potential shellfish
grounds for private culture, such leasing has encoun-
tered increasing opposition. At recent hearings on
Long Island this opposition appeared to come mainly
from individuals with a personal interest m harvesting
the natural shellfish crop from public lands. This
group has regularly opposed further leasing as a
matter of principle even though the lands recently
being proposed for lease have been, as required by
New York law, trot natural beds and not currently
productive  Sarnmis 1976!. In the past, a similar
conflict was reported from Massachusetts  Matthies-
sen and Toner 1966!. To what extent this attitude
will affect the continued leasing even of established
oyster grounds remains to be seen. It could lead to
some difficult choices for regulatory agencies, under
pressure from both sides, and ultimately for the
public.

Opposition to leasing could conceivably also
lead to further expansion of public aquaculture, to
increase the productivity of public-access grounds.
State and local governments have a1ready made and
continue to make substantial investments to improve
public-access shellfisheries � notably those of seed
oysters in New Jersey  National Fr'sherman 1976! and
hard clams in Great South Bay  J.L, McHugh,
personal communication!. Much more can be done
along these lines if there is sufficient public interest
to support the necessary fundmg. Federal and state
support of aquaculture research, as contrasted with
its actual practice has made and should continue to
make important contributions to productivity by
either culture system.

Perhaps the most significant recent development in
Bight aquaculture has been the introduction of
shellfish hatcheries on both sides of Long Island
Sound and along Great South Bay. Discussion of
oyster farming to this point has involved some
variation of extensive culture; hatchery culture, in
contrast, is highly intensive. The work is actually
carried on indoors, often in greerihouses so that algae
can be grown in natural sunlight. Early work by Wells
�920! on Long Island and by Loosanoff  Loosanoff
and Davis 1963! and associates at Milford, CT,
showed that oysters could be induced to spawn in the
laboratory and that the resulting larvae could be
cultured in indoor tanks through the setting stage.
After being grown there to fingernail size, the young
oysters were subsequently planted for growth to
maturity in outdoor beds like a natural crop. Appar-
ently the earliest published account of success in such
an undertaking was by Wells �920!. The techniques
in use then were gradually improved over the years,
but adoption by the industry itself was slow in
coming. The cost of producing oyster spat  seed! by
this method is still quite high, mainly because of the
large amount of skilled labor required. The young
oysters must be almost continuously supplied with
microscopic algae as food and these algae must
themselves be cultured in the hatchery � generally an
expensive operation. Present-day hatcheries are still
regarded as only marginally cost-effective per unit of
seed produced. The fact that no two hatcheries
operate in quite the same way indicates the state of
the art. Less than complete understanding of culture
requirements is a continuing problem and occasional
heavy losses of stock from disease and vaguely known
or unknown causes are almost routine.

Despite the present high cost and sometimes
limited reliability of hatchery production, most of
the industry feels that shellfish hatcheries are here to
stay. The problem with natural set has been its even
greater unreliability. Oyster larvae are highly vulner-
able during their free-swimming period, and natural
set, even on recently distributed clean shell, does not
always appear when expected and may fail com-
pletely. In the hatchery, with patience, a good set can
almost always be eventuaHy obtained, A special
advantage is that individual oysters can be kept
separated from each other, that is, prevented from
growing together in clusters as they usually do in
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nature. These single set oysters are better shaped at
maturity and therefore more salable. The time af
hatchery setting can ordinarily be arranged to meet
the grower's needs. Perhaps most important, true
breeding work now becomes possible  Longwell and
Stiles 1973!, Parent stock can be selected and
progeny-tested. The potential for developing a truly
domesticated strain of oysters, specifically adapted
for culture and for market needs, is thus created, At
least some progress toward such a goal is now being
made.

Hatchery Culture of Other Shellfish. Other bivalve
species have also been found adaptable to hatchery
culture, using much of the equipment and techniques
originally developed for the oyster. The hard clam,
bay scallop, and blue mussel can be hatchery grown
with reasonable reliability; various other bivalves can
be sa grown experimentally  Chanley 1974; Castagna
and Duggan 1971; Loosanoff and Davis 1963!.
Because of their present high costs, hatcheries have so
far been built in the Bight region only by the few
relatively large shellfish companies operating in Lang
Island Sound and Great South Bay. The small
individual growers like those on Delaware Bay would
be unlikely to attempt hatchery operation as it is now
practiced. It seems inevitable that eventually hatchery
technology will be perfected to a point where the
method can be used by small growers. An alternate
possibility is to return to Well's �920! original
concept of a state- or federally-supported and oper-
ated hatchery which would supply seed either to
individuals or for public grounds planting  Matthi-
essen and Toner 1966!. Another promising alter-
native, already in operation on a limited scale both in
New York and California  Rutherford 1975; Chanley
1974!, is for private hatcheries to produce and sell
seed to other individuals or municipalities at the
praper size for planting. A growing market appears to
exist for such seed.

Now that hatchery production of oysters and
other shellfish seed is on the way to becoming routine
procedure the logical next step would be to grow a.
crop all the way to maturity indoors. There are
evident advantages in the much closer control of and
accessibility to the growing shellfish possible in this
way. The ultimate in control is to use a closed system
where the seawater is filtered and recycled, thus
excluding all unwanted organisms  except bacteria!
and pollutants  Maurer 1973; Epifanio and Maatz
'1976!. Filtration removes the waste substances added

to the water by the shellfish; continuous recirculation
of this water maintains oxygen content and carries
phytoplankton food to the crop. The chief problem is
cost, for equipment as well as for operation and
maintenance. The labor involved just in growing and.
adding food algae  since no naturally grown phyto-
plankton can enter the system! makes this method
seemingly impractical for commercial production at
present. For research and other special interests it has
great promise and further refinement may in time
make commercial application possible.

Conceptually distinct from the hatchery innovation,
though often used in conjunction with it, is off-
battam culture of shellfish, so far mainly oysters and
mussels. There are many practical systems which fall
somewhere between culturing oysters to maturity on
the sea bottom under relatively natural conditions
and growing them entirely by tank culture on land
 Figure 6!. One such method is to support the
growing crop by a structure placed on the sea
bottom. Another is ta suspend oysters in trays or
bags fram a raft or similar floating support. The main
advantages of raising oysters off the bottom are
better water circulation  which increases the oysters'
food and oxygen supply!, less silting, and relative
freedom from bottomdwelling predators such as
starfish, whelks, and drills. Considerably more rapid
growth usually results, The main disadvantages are
higher costs for equipment and handling, and vastly
increased fouling problems, which further increase
handling costs. All sorts of unwanted indigenous flora
and fauna find the oyster racks a suitable place to
settle and grow. In this way they can escape their
own natural bottomdwelling predators. Unless peri-
odically removed, fouling organisms compete with
the oysters for phytoplanktan food and block circula-
tion of water to the crop, thus wiping aut much of
the original advantage of the off-bottom method.
 Bottom~own oysters are kept relatively clean by
benthic grazers and predators on the fouling organ-
isms!. Variations of the aff-bottom method are now
being used on considerably more than an experi-
mental scale  Matthiessen and Toner 1966!. The New
York Legislature recently authorized the leasing of
underwater lands specifically for off-battam culture
 Section 13-0316 of the NYS Conservation Law of
1973!. The method appears to have a promising
future in. many locations around the Bight. Possibly
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the greatest long-term potential is rn connection with
the development of open sea support structures for
use in deep water. Almost as promising and perhaps
nearer realization is the usc of racks, rafts, or floats to
support oysters over shoal water mud bottoms
 Rhoads 1973! where they would be smothered if
spread out in thc usual way,

One other important variation of oyster farming,
pond culture, has come into limited use by the
Bight's oyster industry. In those fairly rare situations
where there is private ownership of a seawater pond it
is possible to combine the advantages of off-bottom
culture with some degree of control of thc water
environment. The pond is usually warnicr than open
water  an advantage during most of the year!, can bc
Fertilized morc effectively For bcttcr growth of algae,

Figure 6. Oyster tray culture in heated pond, Long 'Island
Oyster Farms  Courtesy of New York State Depart-
ment of Commerce!

may have lower salinity  which inhibits some com-
mon predators!, and is sheltered from storms. There
arc at feast thrcc important examples of pond culture
in thc Bight area, each unique in some respects. The
largest is carried on in conjunction with Long Island
Oyster Farms' hatchery at Northport, I.I  Komarek
1973!. This modern hatchery is built over the edge of
a pond that receives the heated seawater condenser
discharge from the Long Island Lighting Company's
 oil-fired! steam power plant  Fabricant 1976!  Fig-
ure 7!. When oysters are ready to leave the hatchery
they are placed on off-bottom trays in this pond,
Here they have the triple advantage of high water
temperatures, high water flow through the tray racks,
and consistently high phytoplankton food concentra-
tions. Growth is reported to be extremely rapid. This
is perhaps the best-known and apparently one of the
most successful projects in the United States for
making practical use of the normally wasted heat
energy in power plant cooling discharges. The project
is, however, highly site-specific. Present thermal
pollution control policies of the US Environmental

Figure 7. Oyster culture in power plant discharge lagoon,
Long Island Oyster Farms  Courtesy of New York
State De part ment of Co mme r ce!
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Protection Agency appear to make its duplication
elsewhere in the region unlikely even if an appropri-
ate location could be found.

The Shelter Island Oyster Company at Green-
port, LI, has made imaginative use of an arti6cial
tidal pond  Chanley 1974; Wacker 1970!, by placing
tray racks not only in the pond but also in a channe3
connecting the pond to Shelter Island Sound, The
greenhouse built over the channel provides weather
protection  Figure 8!. Water flow into and out of the
pond through this channel provides many of the
advantages of the Northport systein without depen-
dence on a power plant.

The third system, in use for a number of years at
Fishers Island, NY, uses rafts to suspend strings of
shells in a tidal pond  Matthiessen 1970!. The strings
are placed at the proper time of year to receive oyster

The fact that oyster and clain production are the only
inajor kinds of Bight aquaculture that have yet "gone
commercial" daes not preclude active research inter-
est in a number of other species by she11fish com-
panies, occasional private individuals, and various
public agencies. Aquaculture research support in the
public sector has traditionally been provided by the
federal government through the National Marine
Fisheries Service  NMFS, formerly the Bureau of
Commercial Fisheries!, a branch of the National
Oceanic and Atmospheric Administration  NOAA!.
The NMFS laboratory at Milford, C7, has been the
source of a very large proportion of current hatchery
technology and many ather advances in shellfish
culture methods. Recent research there has empha-
sized the culture of shellfish food algae and the
genetics of oysters.

New York Sea Grant Institute, also with pri-
marily federal funding through NOAA, has recently
supported several small culture research projects with
the Marine Sciences Research Center of State Univer-
sity of New York at Stony Brook, LI. These included
aspects of lobster culture, the culture of A.renicola
cristata as a fish bait worm, and the growing of
species af red seaweeds from which various food and
industrial products are extracted  New York Sea
Grant Institute 1974!. The lobster work is now being
continued under private auspices. An ongoing pro-

set produced by brood stock oysters living in the
pond. The spat-bearing shell is then harvested for
planting elsewhere. This makes the pond m effect an
outdoor hatchery for the low-cost production of
oyster spat:, but again in a special situation which
might be hard to duplicate anywhere else.

Pond culture has still to be adequately recog-
nized in aquaculture law and the matter of jurisdic-
tion can be a special problem at each potential site. In
theory tidal ponds are part of the seabed and as such
publicly owned. In practice, however, many are
effectively in private ownership. This is particularly
apt to be true of ponds that are artificial in origin;
their ownership has been assumed by local govern-
rnent to be the same as that of the upland from which
they were dredged � entirely private.

Research in Aquaculture

gram in the identification and control of hatchery
diseases is also being supported by Sea Grant in
coaperation with Cornell University's NYS CoHege of
Veterinary Medicine.

NYDFC conducts research an a variety of
aquacukure-related problems, usually with partial
support from NMFS, at its Flax Pond Laboratory,
also at Stony Brook. A feasibility study on oyster
seed production at Oyster Pond, LI, was recently
completed by NYDEC  Fallon, Brand, and Kilthau
1973!, with generally negative conclusions, again
illustrating the site specificity of pond culture work.
The New York Ocean Science Laboratory at Mon-
tauk, LI, with state, county, and other funding, has
conducted research on the culture of Chondrus
crispus  one of the red seaweeds mentioned earlier!,
on lobster culture, and on the cage culture of striped
bass and other finfish species  New York Ocean
Science Laboratory 1974!. New Jersey supports
research, directed from Rutgers, The State University,
on the control of MSX disease af oysters  caused by a
microbial parasite! and assists the oyster industry
directly in numerous other ways.

The several New York town governments whose
jurisdictions include shellfish grounds have often
supported hmited work to improve the productivity
of those grounds, as by seed clam distribution  J.L.
McHugh, personal communication!. Most privately
supported aquacultural research is, for obvious rea-



sons, proprietary in regard to both objectives and
results, but some information has been publisheL
The Shelter Island Oyster Company has experimented
with the culture of scallops, clams, lobsters, and
shrimp in its pond system at Southold, LI  Wacker
1970; Chanley 1974!. Long Island Oyster Farms has
grown a wide variety of species experimentally at its
Northport hatchery, including lobsters, shrimp, scal-
lops, and prawns  Busirress in New York State 1971!.
Power plant effluent aquaculture is being investigated
at Public Service Electric and Gas Company's plant
on the New Jersey shore, with emphasis on shrimp
and trout culture  The Aquaculture Neusletter
1975!.

The use of treated sewage effluent in aquacul-
ture was introduced to the Bight region by Lamont-
Doherty Geological Observatory at the Tallrnans
Island Pollution Control Facility in New York City,
In this pilot-scale research, assisted by New York Sea
Grant Institute among other agencies, secondary
effluent is mixed in varying proportions with East
River seawater to grow marine phytoplankton and
seaweeds in concrete tanks. The phytoplankton is fed
to bivalves intended to be used as an ingredient in
feeds for terrestrial  and perhaps aquatic! farm
animals. Such a shellfish proteitr meal could substi-
tute for an expensive fish meal. The seaweeds  red
species! were selected for their commercial value as
sources of important carbohydrate extractives. Since
neither crop is to be used directly as human food,
disease transmission risks should be negligible, The
net effect of such a system is to reduce the pollutant
load of the effluent by removing plant nutrients as
well as various non-nutrient contaminants. In sub-
stance the effluent is exposed to a biological tertiary
treatment, at low net cost because the products are
salable. Since sewage disposal is such a major public
problem in highly populated urban areas, this form of
aquaculture may have great potential for the Bight
region. Whether an activity is classified as sewage
treatment or as aquacultural production is unimpor-
tant so long as the net effect makes good economic
and environmental sense.

The above listing of aquaculture research activ-
ities omits one category that could turn out to be far
more influential in the long run than its cost and scale
of operations might suggest. This is the research
performed by private individuals as a hobby, often
largely or entirely at their own expense. Aquaculture
seems to hold a special fascination for the imaginative
person who likes to try things himself  Aquaculture
and the Fish Farmer 1975a; Neu Alchern'tsts Journal
1973, 1974!. The potential value of such backyard

research should never be underestimated; progress in
applied science and technology is seldom in strictly
logical sequences, research administrators notwith-
standing. Fnough people trying out their own ideas
may be at least as important in total results as some
smaller number of trained scientists. Lobster culture
in particular seems to have aroused a great deal of
hobby interest among New York, New Jersey, and
Connecticut residents, just as it has in other parts of
the country. Among them someone just might suc-
ceed in making it profitable,

These various research activities together exert
an important influence on the progress of Bight
aquaculture but still a far smaller one than seems
justified by need and potential. Important knowledge
gaps are not being frHed, and perhaps most serious of
all, effective regional and state coordination of
research efforts has not been achieved. The writer is
insufficiently conversant with research planning in
adjoining states to make specific suggestions, but in
New York the need for a stronger state role seems
clear  Terry 1974!. This is not meant to imply that
existing agencies � Sea Grant, NYDEC, NMFS, the
various organizations of commercial growers � are
ineffective, Each has been productive, but each is
working in its own sphere toward its own organiza-
6onal objectives with inadequate knowledge of what
others are doing. Only full recognition by government
of the agriculture-related nature of the aquaculture
enterprise and adequate regular support for research,
technical, and information services, comparable on a
smaller scale to those provided for conventional
agriculture, can meet the evident need.

Figure 8. Pond and "greenhouse" culture of oysters, Shelter
Island Oyster Company  Photo by O. Terry!
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What Next in Bight Aquaculture' ?

Jurisdictional Questions

At this point it may be useful to extrapolate from
present trends in aquaculture to likely future develop-
rnents. Just when these developments are realized
seems less important than the need for their potential
to be adequately considered in regional planning.
Some level of aquaculture is quite certain to continue
in the Bight. How fast expansion occurs and the
directions of that expansion depend not only on
industry choices but also on decisions made outside
the industry itself. These should be informed deci-
sions.

Present aquaculture around the Bight consists of
field and hatchery production of bivalve seed com-
bined with field grow-out of the seed to maturity.
There is an apparent trend toward more intensive
methods. Better pollution control in the Bight cou1d
slow this trend but probably wiH not stop it; the
advantages of more mtensive culture are too great.
From a planning viewpoint, although, improving
water quality could restore large areas of currently
closed shellfish grounds to potential use again. With
advanced hatchery technology the productivity of
these grounds could become higher than it has ever
been. Still further increases in overall productivity are
possible by expanded use of off-bottom culture
methods � another step toward more intensive culture
which the shellfish industry seems certain to take in
coming years.

Such potential achievements depend on, among other
things, favorable solutions to jurisdictional problems.
What these solutions wiH be depend. ultimar:ely on
public attitudes. At present a definite trend, sup-
ported both by increasing numbers of recreational
users of the bays and by smaH commercial harvesters,
opposes expanded or even continued leasing of
shellfish grounds for private culture. Actual utiliza-
tion of potentially leasable grounds by such groups
may be increasing, in part because the areas previ-
ously available are being steadily reduced through
pollution.-induced closings. Continuing demands of
this kind could sharply limit private aquaculture but
eventually 1ead to public-use aquaculture, probably
extensive in form. The unit costs of mtensive aqua-
culture appear too high for public support in the near
future, The use of intensive, especially off-bottom,

methods by private-land growers, however, should be.
promoted by the recent New York Aquaculture Law
 Section 13-0316 of the NYS Conservation Law of
1973!, which specifically authorizes raft culture.  It
also authorizes the licensing of marine hatcheries � an
essential prerequisite for culturing regulated species
such as lobster because it a11ows private possession of
juveniles. !

Further expansion of pond culture can also be
partly a jurisdictional question. Aquacultural use of
ponds where private control can be established is
likely to increase. Construction of artificial ponds on
privately owned upland  Wacker 1970!, generally a
high-cost undertaking, may be feasib1e in some
localities. The chief incentive would be the possibility
of high productivity under intensive management.

These intensive cultures wiH continue to develop
in the region even if water quality improvements are
slow in coming. An important contributing factor
may be the availability of recyclab1e waste rnaterials-
waste nutrients for plants and various food wastes for
animal feed. At present, large amounts of shellfish
and finfish residues are either discarded or sold at
nominal prices by local packing plants, Much of this
material could be profitably reclaimed as food for
animal cultures in intensive systems.

The Future of Plant Aquaculture

Intensive culture of marine plants, like any other
plants, is complicated by their requirement of light
for photosynthesis. In agriculture this need is nor-
maHy met simply by outdoor planting, which more or
less corresponds to extensive culturing of marine
algae. Of course, algae culture is also possible in
greenhouses or even in laboratories under artificial
light, but at higher cost. Most hatcheries now culture
phytoplankton indoors under very intensive condi-
tions. Here the higher cost is justified by the
advantages of convenience, better control, and
reduced contamination of the cultures. For this kind
of production nutrient cost is not yet an important
enough factor to warrant using sewage effluent as a
nutrie nt source.

For relatively extensive outdoor cultures, on the
other hand, nutrients could be a major cost element�
probably significant enough in some cases to justify



seeking available open space near sewage treatment
plants in order to obtain effluent nutrients, Ryther
�973! and associates at Woods Hole Oceanographic
Institution have pioneered in the development of
shellfish aquaculture based on the use of secondary
effluent as a nutrient source. Practical use of their
system on a large scale would be difficu1t, perhaps
mainly because of all the conflictmg interests that
make most urban planning difficult, but possible
nevertheless. For example, some of the presently
unused or underused waterways around New York
City might profitably be devoted to growing algae,
with the added dividend of water quality improve-
ment through pollutant removal,

Such waters often already support large growths
of nuisance seaweed species, marine weeds in effect,
wherever the concentration of toxic pollutants is not
restricting. Their use for seaweed aquaculture, or
phytoplankton and shellfish aquaculture, would incan
substituting a useful crop for one that is presently of
no value, Some danger unquestionably exists that
human pathogens could be transmitted through an
effluent system of this kind  Vaughn and Ryther
1974! and that danger must be realistically consid-
ered. Present indications are that the risk could be
largely eliminated by proper choice of crops and
culture methods, but further research is needed.

Recently published economic analyses of several
types of outdoor "farms" for red seaweeds  Doty
1973; Dawes 1974; Huguenin 1976! suggest that a
reasonably cost-effective culture operation, given
stable prices for the product, is possible in warm
climates. At such farms, seaweed could be attached to
nets anchored in shallow water. Considerable hand
labor would necessarily be involved. Dawes and
Huguenin also analyzed an alternative: tank culture
on land at higher cost but with corresponding higher
productivity. Adapting either culture system to Bight
conditions would require major modifications, but
the concept of a seaweed farm m the Bight is by no
means purely visionary,

Present Effects of Sewage Effluent. In the absence of
baseline information it is not known to what extent
and in what ways present shellfish production in the
Bight region is mfluenced by the presence of sewage
effluent nutrients, Undoubtedly phytoplankton num-
bers and species composition are affected to some
degree, If some of the currently closed areas can
eventually be reopened, through better sewage treat-
inent and storm water control methods to reduce
health hazards, the unplanned effluent contribution
to shellfish aquaculture could yet prove to be more

an asset than a liability, Large-scale depuration of
sheHfish from polluted areas is another real possibil-
ity, Many currently closed areas are known to be
highly productive even though their crop is not now
legally usable. It should be observed, however, that
sometimes pollutants other than bacteria � notably
pesticides and toxic metals � can be accumulated to
dangerous levels by shellfish. This kind of health
hazard must not be overlooked.

Using Thermal Kffluent. The issues surrounding use
of another major waste resource of urban regions�
power plant thermal effluent � are complex indeed.
Earlier indications were that such heat could be an
important asset in aquaculture and that aquaculture
was one of the more promising uses for effluent heat.
Reports of early efforts to build aquaculture enter-
prises around such heat sources were generally opti-
mistic  Commercial Fish Farmer 1974!. The Long
Island Oyster Farms project at Northport was one of
the first of these  Figure 7!. Current projections, for
the United States at least, are not as encouraging. The
principal difficulties seem to be the very amount of
space needed in large-scale use of effluent heat for
aquaculture and the even greater problem of radio-
active residues from the nuclear plants now being
planned and built, Plant shutdowns during winter
could also present a real hazard although probably a
manageable one at least for multi-unit installations.

From the point of view of the utility company
which designs, builds, and operates a power plant,
aquaculture rarely if ever provides an economically or
environmentally desirable means for discarding
unwanted heat, for several reasons. The utilities' main
concern is, must be, the environmentally sound
disposal of their excess heat load at minimum cost.
An aquaculture unit would have to be tremendous in
size �00 or more acres of ponds for a typical plant!
to use the entire heat output even in winter. This land
inust be paid for, Aquaculture would probably want
no heat during the summer; yet the power plant must
continue to discard the same amount of heat. How
would this be done? Generally speaking, aquaculture
enterprises do not consume heat � they merely use it
and pass it along. The heat disposal problem is not
automatically solved  Kildow and Huguenin 1974!,
unless disposal is incidental to the aquaculture enter-
prise as in very large-scale ponds used year round, It is
the pond system itself that ksposes of heat-the
utility wants it used for this purpose even through the
hottest summer months.

On the other side, aquaculture sees effluent heat
as a resource that must be purchased, at best with
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Engineering Difficulties

modifications in its plan of operation, at worst with
cold cash. If the price is right, aquaculture may still
be willing to buy. To do sa, enough space for
aquaculture operations near the power plant must be
found � frequently a difficult although not always an
impossible problem. The large exclusion zones around
nuclear plants might sometimes be used in this way
 Huguenin and Ryther 1974!, Current trends in the
thinking of regulatory agencies and m the author-
izing legislation itself, however, are not particularly
encouraging. The announced emphasis on increased
use of cooling towers  Comrriercial Fish Farmer
1975! to replace oncwthrough cooling is not likely to
help effluent aquaculture. Even worse, the Food and
Drug Administration in the past has actually pro-
hibited the direct use of nuclear effluents in aquacul-
ture, based on the Delany Amendment. This arnend-
ment forbids the addition of known carcinogens to
food products. AH nuclear plants release very smaH
amounts of low level radioactive wastes in the

effluent stream. These are, of course, known carcino-

Although conventional shellfish aquaculture is seen to
be capable of major expansion � through both more
intensive methods and prospective improvements in
water quality � there is an alternative. Aquaculture has
the potential for increasing the useful production of
the sea surface just as conventional agriculture has
increased that of the land surface. Hanson �974!
discussed this alternative, offshore culture, at some
length. The principal reason for taking such a
seemingly revolutionary idea seriously is that it could
provide almost unlimited open space. For animal
cultures this means escape from the severe restrictions
likely to be placed on the discharge of culture wastes
to inshore waters. These wastes would be swept away
and diluted ta insignificance in the open sea. For
filter-feeding crop species, offshore culture means
access to vast phytoplankton pastures of the ocean,
delivered free by ocean currents. Both considerations
are potentially important, but even more significant,
in the long run, is simply space, access to sunlight for
primary production. All food production ultimately
depends on photosynthesis by green plants and
therefare on solar radiation, most of which fa11s on
the sea. Aquaculture techniques will supply the plant

gens. The logic of allowing them to be discharged ta
natural water bodies but not to aquaculture ponds
has not been explained. Indirect use o f nuclear
effluent heat, possibly through heat pumps  J. Holm,
personal communication! or with intermittent diver-
sion to bypass the contaminants, might under some
circumstances be practical for intensive aquaculture if
regulatory issues can be resolved. However, unless the
cost af more conventional heating becomes truly
prohibitive, the large investment required will likely
preclude even these uses. What current potential there
is for using effluent heat in aquaculture is thus
primarily in connection with large flow-through or
recirculating pond systems serving fossil-fuel power
stations. Aquaculture uses might have to be seasonal.
If affshore power plants are eventually built
 Bernstein 1975!, space for any associated aqua-
cultures would presuinably be available, but the mere
cost of retaining the heated water at such locations
might be prohibitive.

Qpen Sea Alternative

nutrients needed to increase primary production in
the open sea and if necessary to change the species
composition of ocean plant populations. Open ocean
productivity is generally thought ta be limited by
nutrient availability  Russell-Hunter 1970!. Removal
of this limitatian can either greatly increase the native
phytoplanktan crop or support other, more desirable
 at least to human consumers! species. Aquaculture
can also lead ta the production of seaweed � benthic
algae-instead of the native uniceHular algae. Culture
problems are difficult but nat insurmountable.

Open sea aquaculture on a meaningful scale will
require answers to some tough engineering questions.
Although these are by no ineans solved yet, more has
been accomplished toward their solution than. is
generaHy recognized  Wilcox 1975!. The major differ-
ences from conventional aquaculture intraduced by a
move offshore are deeper water and much greater
exposure to wind and waves. Greater depth means
reduced availability of the sea bottom as a culture
surface and a consequent need for inore expensive



substitute structures, whether floating or supported
from that bottom. It is not probable that aquaculture
interests will soon be able to fund the kind of
platforms being developed for open sea drilling sites
by oil companies; these are now being designed for
depths to hundreds of meters  Yergin 1975!. Such
giants, however, do establish at least the physical
possibilities. Various small aquaculture structures
could be, and actually have been  Anderson 1974!,
attached to the oil-drilling platforms  Figure 9!. The
question becomes primarily one of scale. Any major
add-on facility for coinmercial aquaculture would
probably involve expensive modification of the plat-
form and therefore seems unlikely in the near future.
However, structures of the same general type which
could be designed specifically for an aquaculture
project at somewhat shallower depths may not always
be out of the question. There would naturally have to
be some reasonable compromise between storm
endurance and replacement cost. Exactly the same
approach is involved as when, for instance, designing
an ordinary pound net for nearshore fishing. It is
built to withstand most storms but not necessarily
hurricanes,

The alternative to bottom placement is a float-
ing structure which could be anchored semiperma-
nently, maybe moved to shelter on occasion, or even
left free-floating  Hanson 1974!. Present use of the
Dorn-Sea and similar salmon pens and wide use by the
Japanese of raft structures  Shaw 1971! indicate
some of the possibilities. One suggested variant is a
culture enclosure that can either be raised to the
surface or lowered to the depths for shelter as
needed, As exemplified by the giant oil platforms,
one key to storm endurance is sheer size and weight',
this is as true of floating as of anchored structures. If
the aquacultural productivity of a design can be
increased in proportion, large size may not always be
cost-prohibitive. Floating breakwaters  Kowalski
1974! can moderate rough seas around either rafts or
platforms and the larger the installation the more
feasible its protection becomes. As size increases,
drifting or anchored structures wiH begin to act as
their own breakwaters to moderate passing seas. Until
significant design investments are made in facilities of
these kinds it is probably pointless to say much about
costs, but there is no reason at this time to brand
them as prohibitive for all open sea situations.

Figure 9. Aquaculture from an oil drill platform, Gulf of Mexico  Photo by R D. Anderson!



Jurisdictional Questions

Aquacultiu'e cannot expect to completely evade its
current legal-jurisdictional problems simply by
moving offshore. Control of the Bight waters and the
land under them is divided between the states and the

federal government, mainly on the basis of distance
from shore. State jurisdiction extends in general to a
line 3 nrni �.6 km! from mean low water, the
so-called "territorial sea." In New York's part of this
zone, grants or easements for aquaculture could
probably be obtained if indeed these were even
required  New York State, undated!. Of course,
federal requirements for navigation safety would have
to be met, surely not an impossible task outside
regular shipping lanes, Existing state regulations
authorizing the use of pound nets constitute a
precedent for future, more elaborate installations.
New York's Environmental Conservation Law �973!
already provides for permits to conduct off-bottom
culture of sheIlfish in state waters.

Beyond the 3 nmi �.6 kin! limit of state
jurisdiction the situation for aquaculture is even less
defined. In the contiguous zone � nmi to 12 nmi or
5.6 km to 22 km!, federal control is well established,
but apparently no explicit provision for aquaculture
has yet been made, There appears to be some legaI
basis for state control specifically of aquaculture in
this zone too, so long as federal regulatian is not
actually invoked  Kane 1970!,

As aquaculture moves beyond the 12 nmi �2
km! limit the situation becomes still more uncertain.
The Convention on the Continental Shelf �958!
assigns exclusive jurisdiction ov~r "sedentary species
of the continental shelf" to the coastal nation. This
would seem to include maricultured species as well as
completely undomesticated species  Kane 1970!. It
might not cover pelagic species confmed in enclosures
and aImost certainly would not include fish that were
being ranched in the open sea no rnatter how
dependent they might be on hatchery production in
early stages. IncidentaHy, Kane �970! believed that
this same national jurisdiction extends as well to
resources beyond the limits of the shelf in the oceans
proper, depending only on the capacity of a coastal
nation to exploit them.

Does national ownership of a natural resource
convey 1! a right to space for culture to increase that
resource, and 2! the potential for private ownership
of resource and culture facilities? These questions are
apparently unanswerable at this tune and may remain
so until same initiative toward open sea rnariculture
actually develops. However, the analogy with open

sea drilling for petroleum produ.cts is close enough to
suggest that mariculture could acquire a comparable
status and that the eventual answer to both questions
may well be yes.

Legal and other considerations then appear ta
favor the offshore culture of "sedentary" species�
"creatures of the [CantinentalI Shelf"  Kane 1970!.
What about other kinds of offshore culture? Recent

developments may have made this particular distinc-
tion all but meaningless. Strong political pressures,
arising in large part from concern over the effect of
foreign fishing near US shores, have resulted in new
US legislation for this region. Many uncertainties
remain as to its ultimate effects  Hedberg 1976!, but
the 200-mile law is a reality,

Establishment of the 200-Mile Zone. On 1 March

1977 the Fishery Conservation and Management Act
of 1976  Public Law 94-265! went into effect. This
law unilaterally establishes a fishery conservation
zone outside the 3 nrni �.6 kni! territorial sea to a
distance of 200 nmi �70 km! from the coasts of the
United States. The act stipulates that the United
States shall exercise exclusive fishery management
authority throughout this new zone and also over all
anadromous fish species throughout their migratory
range, unless within another nation's territorial sea or
fishery conservation zone. Detailed management
plans, one for each individual fish stock, are the
responsibility of eight regional fishery management
councils, Each council exercises jurisdiction over its
own region, subject to approval of the US Secretary
of Commerce. New York Bight falls withm the
Mid-Atlantic Region under this system.

Many details of the act's implementation remain
to be resolved, amang them the matter of certain
international boundaries of the fishery zone. The
needs of offshore aquaculture have apparently not
even been considered as yet. If Kane's �970!
reasonings on aquacultural jurisdiction were correct,
cultured resources will be treated essentiany the same
as natural populations, possibly even included in
regional fishery management plans. The effect of
private ownership of such cultured resources on
implementation of the act and the possibility that
floating or emplaced culture structures may consti-
tute special categories will ultimately have to be
addressed. Jurisdiction may indeed remain unclear
 Soons 1974! for a long time, but that fact is not
likely to bar exploitation when it becomes otherwise
attractive. Any resource-exploiting activities will pre-



surnably have to be "subject to the requirements of
reasonable regard to the interest of the other legiti-'
mate users of the high seas"  Soons 1974!, but t:his
hardly seems a severe restriction.

Assunung for the moment that the various
engineering and legal problems of offshore aquacul-
ture are not insurmountable, what kinds of aquacul-
ture might this be? Conventional bottom culture of
hatchery-produced bivalve stock appears unlikely,
even though this kind of culture would have the
advantage, aside from its familiarity, of not requiring
any structures at alL It also has problems, not the
least of which are biologicaL There is no reason to
expect that the familiar inshore species � oyster, hard
and soft clam, bay scaHop � would survive in bottom
conditions offshore even if they could be planted
there. Two indigenous species � surf clam and sea
scaHop � now under considerable harvesting pressure
might conceivably be cultured. by the offshore place-
ment of hatchery-raised stocks. The same conjecture
applies to the mahogany clam  ocean quahog! if its
use ever reaches the level where stocks are signifi-
cantly depleted. We don't really know, of course,
whether stocking of these species is biologically
feasible, In any case, it would be difficult to
adequately bound and locate private planting areas
under offshore conditions. If these native offshore
populations are ever hatchery-augmented, it seems
most likely to be at public expense for general
 national! access.

Biological Questions

The biological obstacles to offshore bottom culture
do not necessarily apply to the use of off-bottom
culture techniques. In one respect bivalve shellfish are
particularly suitable candidates for open sea growing.
They are herbivores, filter feeders, living on a natural
phytoplankton food supply which is already present
and requires no expensive transportation to the
offshore site. In an area as weH-supplied with plant
nutrients as the Bight it might not be necessary to
provide any artificial fertilization, any more than it
now is in Long Island Sound or Delaware Bay.
Hanson �974! described a number of possible adapta-
tions of standard oR-'bottom culture inethods that
could be used in deep water, whether from bottoin-
supported structures or from rafts. Culturing inussels
on ropes suspended from rafts, as now done in Spain,
is a promising possibility. AH such off-bottom culture
methods serve to concentrate a crop population in a

smaH area while permitting the animals to harvest the
primary production  phytoplankton! from a much
larger surrounding region of the sea surface. Such
cultures are really solar energy collecting devices, and
reasonably efficient ones, except for possible nutrient
limitations on phytoplankton production.

Species such as the blue mussel and various
kinds of oysters can be expected to thrive in
high-salinity offshore waters even though they never
occur there naturally because of the lack of substrate.
Aquaculture provides the substrate. Other inshore
species may be less adaptable initially, but chances
are good for either finding or developing appropriate
strains for the purpose. Hanson �974! concluded that
tray culture of sheHfish is at present the most
generaHy promising aquaculture for offshore use on a
1arge scale. Mussels are particularly promising if
American buyers ever really accept them  Hurlburt
and Hurlburt 1975!. The culture of fmfish in cages or
pens is certainly possible at offshore locations,
though the need for bringing in feed supplies inakes
this alternative less attractive than it otherwise would
be, Present net pen culture of sabnonids is relatively
close to being an open sea operation. If offshore
polyculture systems can be developed, starting with
algae, which will provide fish feed on. site, the
problem becomes easier.

Ocean Ranching of Anadromous Fishes. The poten-
tial offshore culture systems mentioned thus far are
aH essentially intensive cultures, Crop animals are
confined, even though their food supply may come
Rom the open sea. There is an attractive alternative
depending much less on confinement and structures;
it capitalizes on the highly developed horning in-
stincts of anadromous fishes. These are species living
mainly in salt water but returning to fresh water for
spawning, usuaHy to the same stream they left as
juveniles.

Previous use of this homing pattern for culture
purposes has been limited to salmonids on the US
West Coast and overseas. It began with the long-
established practice of raising salmon in state-
supported hatcheries for release in spawning streams
to augment the natural stocks, especiaHy where these
were impacted by dams and pollution. The smolder
 young salmon that have reached the growth stage at
which they normaHy enter salt water! simply join
natural populations from the same rivers and migrate
to the open Pacific where they spend the balance of
their adult lives. At spawning time the survivors seek
out and enter the same stream into which they were



released as smolts. NaturaHy, not aH survive to return,
partly as the result of open sea fishing activities, but
enough often do survive to more than justify the
costs of hatchery operation, Recently, Washington
State law has permitted private hatcheries to use this
system for profit � simply as a way to grow fish for
harvest.

Joyner �973! and Mahnken and Joyner �973!
proposed an imaginative adaptation of the West Coast.
system to New England waters, induding Long Island
Sound and parts of the Bight. Native Atlantic salmon
have almost entirely disappeared from this region
because of pollution and industrial damming of
streams. Attempts are being made to reintroduce
them  Net York Times 1976!, but quick success is
not anticipated. Meanwhile Jayner and Mahnken
suggested using various Pacific species that could be
produced in local hatcheries for a coastal fishery,
probably mainly recreational. This is not entirely a
new idea; previous attempts have been made to do
just this, with mixed results. Joyner and Mahnken
emphasized two critical requirements for success, One
is a careful study of local seawater temperatures and
the seasonal temperature cycle in relation to the
spawning habits of Pacific sabnon species. The species
selected for use here should include only those likely
to find our seasonal temperature cyde compatib1e
and therefore to return as and when expected. Failure
to make this match with enough precision may have
been a fundamental flaw in past introduction
attempts,

The second novel feature Joyner and Mahnken
proposed is that of holding the salmon sinolts in
saltwater conditioning pens prior to their release.
Accidental escape of fish froin pens in Puget Sound
revealed an unexpected effect of inshore saltwater
confinement on their behavior: instead of mipating
to the open sea, as salmon norrnaHy would, these fish
remained in coastal waters in the vicinity of the pens.
They now constituted a coastal fishery, not subject to
open sea harvest by foreign nations and readily
available for sport fishing. If this system were adapted
to the East, the hatchery-grown smolts would be
penned foi a short time in salt water, perhaps in Long
Island Sound. When released they would be likely to
remain in Bight waters as they matured and to
contribute to a major new recreationa] fishery there.
In principle, with appropriate authorizing legislation,
even a private fishery niight be feasible, without the
penning step, The mature fish would then horne to
the release point-perhaps a coastal river.

It is more likely that such a fishery would be
state supported, possibly through license fees to cover
costs. It would not be expected to become self-
perpetuating because of the generaHy poor stream
conditions as previously noted. The streams would be
unlikely to match the breeding requirements of the
introduced species. This fact provides a safety factor
for the introduction. If the introduced species had
any undesirable effects on local ecosystems or impor-
tant native populations the stocking could siinply be
terminated allowing the introduced species to die out
by attrition.

Kelp Culture. Phyto plankton may be the most
important, but they are not the only marine plants.
Primary production can also come from seaweeds,
macroscopic algae. The larger, faster-growing species,
especially the kelps, are thought to be capable of
considerably more production per unit area per year
than most phytoplankton communities, ranking them
among the most productive plant crops known  Mann
1973!. The kelps are important sources of alginic acid
and other products wherever natural growth is suffi-
ciently concentrated to make harvesting feasible  at
present mainly off California and Australia!  Figure
10!, Alginic acid  polysaccharide! extracted froin
kelp is commonly used as a suspending and stabilizing
agent in inanufactured food products like ice cream.

The large deepwater California species of kelp
 Macrocystis pyrifera! has already been cultured to
the extent that a hatchery system for augmenting
natural recruitment is now in limited use  North
1972, 1973!. The main objective of this work is to
maintain and augment natural populations in the
open ocean off southern California, for eventual
harvest. However, an artificially supported "farm" for
Macrocystis culture is also being developed  Wilcox
1975!  Figure 11!,

Energy Farms

Larger-scale experunents now being conducted in the
offshore farming of Macrocystis were initiated for a
special purpose: the "harvesting" of solar energy.
Because of its enormous productivity, kelp is consid-
ered a promising source of bulk organic material to be
used siniply as an energy source. Bacterial  or
pyrolytic! digestion of the harvested kelp can pro-
duce methane gas, a most useful hydrocarbon substi-
tute for, or extender of, scarce natural gas. Many
other products, for example, ethanol, huinan and



animal foods, pharmaceuticals, are also possible. Such
a bioconversion system is really a means for harvest-
ing and storing solar energy. If culture and processing
methods can be refined to cost effectiveness, marine
plants will be an attractive potential energy source,
nonpolluting and ultimately limited in quantity only
by nutrient availability; offshore growing space is
almost unlimited, Oceanographers usually regard the
benthic seaweeds, including the kelps, as insignificant
on the scale of total marine productivity because of
their limited distribution compared to phytoplankton
 Weyl 1970!. The kelps, for instance, can grow
naturally only where a firm substrate exists in
relatively shallow water and within a temperate or
subarctic climate. If a sufficient area of artificial
substrate can be provided in the deep ocean, this
limitation disappears. Kelps can harvest nutrients
from large volumes of ocean water in the same
manner that the Spanish mussel cultures harvest
phytoplankton. This is the basic reason for their
enormous natural productivity  Mann 1973!. Nutri-
ent requirements are probably involved in the limita-
tion of kelps to the cooler zones of the earth; most
tropical waters are relatively nutrient-poor  Weyl
1970!.

Eastern kelps, notably species of Larninaria,
appear to be about as productive as their Pacific
counterparts  Mann 1973! and as useful, but have not
yet been harvested on any comparable scale. Their
natural growth habit is quite different from that of
the surface-floating Macrocystis. Larninarias lack the
gas-filled floats  pneumatophores! which support
Macrocysf>'s fronds, The Laminarias, too, require a
solid anchorage site, ordinarily rock; their fronds,
much shorter than those of Macrocystis  which can
exceed 60 m or 197 ft! usually lie near the bottom.
The practical importance of these differences is that
naturally growing Laminaria has been more expensive
to harvest than Macrocystis, probably accounting in
part for the absence of an Atlantic Coast industry,
Curiously, the low temperatures of a Noi.th Atlantic
winter, even with its short days, do not seriously
inhibit growth of these subtidal species. Maximum
natural production actually occurs in late winter
 Mann 1973!, probably in response to the annual
nutrient peak at that time.

The above facts suggest that Larninaria cuiture
For commercial use should have real possibilities in
the Bight region. Raft culture of Larninan'a has
apparently not yet been attempted in this country,
but has been reported from China  Cheng 1969!;
many details of raft  or other support! construction

and plant attachment will have to be worked out for
large-scale offshore use, This culture could become an
important primary production enterprise in the Bight,
serving most of the purposes already suggested for
Macrocystis farms in the Pacific � energy and food and
ph arm aceu ticals.

New York Bight is a good location for offshore
kelp culture, not only because of its abundant supply
of nutrients  originating in part from sewage efflu-
ent!, but also because its active waves and currents
wiH serve to deliver the nutrient supply for kelp
growth. Maximum production may require still more
nutrients but if so these might be provided from
sewage or as chemical fertilizers, comparable to those
used in land agriculture.

Should We Introduce Exotic Marine Organisms? One
very serious question is central to the very concept of
mariculture and deserves more consideration than it
has usually received. This is the dilemma inherent in
introducing any exotic  non-native! organisin to a
culture situation. Should, for example, Pacific salinon
be released in East Coast waters? Ecologists generally
oppose such introductions, often more as a matter of
principle than for specific reasons. Fishery biologists,
all too fainiliar with the havoc wrought by a few of
the less fortunate past occurrences of this kind, now
also tend to be extremely cautious about exotics.
Only the practical businessman/farmer, faced with
the necessity for growing a marketable commodity at
a profit, is apt to be willing to take a chance. Quite
naturally, to the individual grower, the chance for

Figure 10. Specially designed kelp-harvesting vessel, Southern
California  Photo by H. Wilcox!
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personal financial success will tend to overbalance
any risk involved. For the individual administrator in
the regulatory agencies, the opposite is true: he must
risk severe criticism if he allows the introduction and
it proves harmful for relatively little personal gain if it
succeeds. Credit for the success and profit, if any, will
go mainly to the grower. Where does the real public
interest lie and how should such decisions be made?

There is no easy answer. We know what damage
has been caused by exotic fishes  carp!, aquatic plants
 water hyacinth!, and birds  English sparrow, starling,
monk parrot!. Yet we also know that modern
agriculture would be disastrously less productive if it
had to depend entirely on native plants and animals.
Can aquaculture accept such a handicap indefinitely?
One can argue that the danger is greater in water

Source: Wilcox 1975

Figure 11. Design of acean food and energy farm
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evidence of negative effects.
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Summary and Conclusions

Aquaculture is already a thriving, if relatively minor,
industry in nearshore waters of New York Bight.
From this base the aquaculture industry is likely to
expand in several directions. Present culture of the
oyster, hard clam, and bay scallop is increasingly
being built around hatchery technology. As this
technology improves � and it is advancing rapidly-
culture methods will become more and more inten-
sive, for greater efficiency through better control of
crop and environment in a high-cost situation. Food,
nutrient, and possibly therinal wastes wiH be increas-
ingly used, to reduce costs as well as in response to
environinental pressures for their beneficial disposal.
Off-bottom culture of these bivalves will become an
important part of the intensification process. Cultures
of other crop species, which could include finfishes
and some crustaceans, will be introduced gradually.
Seaweed culture is a special case because of its link to
the energy problem. The rate of expansion of
conventional aquaculture will be influenced by many
factors, national and international as weH as local, but
two will have primary iinportance � water pollution
and legislative controls.

Present indications are that the process of
cleansing poHuted coastal waters will continue, per-
haps even to include the Augean stables of New York
City's sewer systems. As this occurs many areas now
closed to shellfish culture will again become available
for this purpose and, under good management, should
reach or exceed their historical peaks in productivity.
There wiH always be problems associated with grow-
ing food crops in a heavily populated and highly
industrialized region like the one surrounding the
Bight. Human pathogens and industrial toxins will
continue to pose serious health threats when concen-
trated by aquatic organisms, but as the dangers are
better understood they can probably be controHed.

Legislative regulation of the aquaculture indus-
try will continue to have profound effects as it
determines uses for inshore waters. The land-use

problems that urban, suburban, and exurban planners
now deal with will expand to include underwater
lands and the waters themselves. Choices will some-

times have to be made among coinmercial, industrial,
and public uses of space � among marinas, oil ter-
rninals, and clam beds, Assuming that food produc-
tion wiH continue ta be assigned a reasonable share of

marine real estate ~ Landy 1975!, a more serious
question may involve the balance between private and
public aquaculture � or between private aquaculture
and wild marine resource.

For more than a century general policy in the
states bordering the Bight has favored private enter-
prise in aquaculture, including the right to exclusive
use of assigned underwater culture space  though not
the most naturally productive areas!. Increasingly,
this policy is being questioned, mostly by people who
see it as a threat to what they feel should be a public
resource. Any decision for aquaculture, given the
present climate of suspicion of private enterprise and.
its methods, wiH not be an easy one politically.
Nevertheless, some kind of inshore aquaculture is
inevitable.

A real possibility for the Bight is ocean ranching
of finfishes, especially salmon. Established and
proven West Coast culture methods for sa1inon smolt
production can likely be adapted without serious
difficulty to East Coast conditions. If ranching is
successful, an important new inshare fishery would
be established, probably on a basis of public-benefit
aquaculture. It would be rather optimistic to expect
that, in these heavily fished waters, ranched salmon
would return in sufficient numbers to a private
release point, To what extent the introduction of this
exotic predator would perturb the local ecosystems,
for privately cultured as well as natural food species,
is largely unpredictable. Ocean ranching ought there-
fore to be tried on a small scale at first.

Open sea aquaculture now sounds like science
fiction, but as with so many former science fiction
concepts, its time may not be far off. Because of the
threatening energy supply situation, the earliest off-
share culture to develop may well be kelp farming.
Bioconversion of organic material as a means to
harvest solar energy is a new idea in name only; this is
the way nature made fossil fuels. The use of current
biomass production seems certain to increase as fossil
fuels are used up. Whether kelp is an econornicaHy
feasible source of plant biomass for this purpose has
yet to be established, but recent projections are
promising. Marine production does not draw on
limited freshwater supplies or use scarce agricultural
land. It does not compete directly with land crops for
nutrients or require the substantial energy input
necessary to process and transport conventional
fertilizers to the point of use.



Frequent reference has been made in this mono-
graph to the central role played by economics in the
development of aquaculture. Proposed new ventures
in Bight aquaculture face a whole range of problems,
most of which can be translated into cost problems,
Presently known solutions generally cost too much in
relation to probable returns. This being the case,
shouldn't a discussion of Bight aquaculture concen-
trate on operational costs, perhaps in a systems
context'? The reasons why this direct approach is less
practical than it seems deserve a brief statement here.
Such reasons are relevant to much of aquaculture at
its present stage of development in this country.

The primary reason for limited use of cost data
is that most of the proposed cultures discussed have
still ta be developed in sufficient detail. Enough of
the scientific and technical background is known to
give assurance they are indeed possible, but detailed
production designs do not yet exist. In those few
instances where they do � onshore silo culture of
salmonids, for example � cost analysis is possible and
useful  MacDonald, Meade, and Gates 1975!. The
recent examination by Huguenin �976! of tank
culture costs for red seaweed is another example. But
East Coast kelp farming and off-bottom oyster
culture have not yet reached that stage. Detailed
specific designs are a necessary first step,

Another main reason for lack of emphasis on
cost data is simply the speed of technological change
in American aquaculture. Even ignoring inflation, it is
of limited utility to list actual costs of an operation
or a piece of equipment which is very likely to be
displaced by some newer design next year or next
week  Anderson 1973!. Even bivalve hatchery opera-
tion is still in a state of flux; costs today are not what

they will be next year, or the year a fter. The
potential culturist has to pull some specific plan off
the moving belt of technological change; only &en
can he cost it and primarily for the one particular
situation that immediately concerns him. Having
done so he would be well advised to remember that,
as Huguenin �976! pointed out "... systems develop-
ment is an iterative process" in a fast-moving field.

Commercial expansion of aquaculture is coin-
pletely dependent on a profit potential, based on a
realistic assessment of expected costs and returns, But
assuming that expansion does occur, there will be an
early need to consider what the economists call
"externalities" � the kind of unpriced costs  and
benefits! accruing to groups outside the industry and
to society as a whale  Anderson 1973; Williams
1975!. For example, is the overall effect of oyster
culture on water quality such as to improve it for
other water users or to degrade it? Would large-scale
kelp culture be an environmental asset or an obstacle
to navigation or some of both7 If both, which is more
important? Broad-based cost benefit analyses will be
required as mandated by the National Environmental
Pohcy Act of 1969  PL91-190!. An environmentally
aroused public will not be as tolerant of any new
industry's potential detrimental effects as their grand-
parents were of steel and paper mill discharges.
Fortunately for aquaculture, most of its externalities
appear on balance to be favorable, at least to the
extent we yet know what they are. This seems
especially true of offshore cultures. In the long run
environmental considerations may be decisive as
aquaculture competes for scarce development dollars
and coastal space in the Bight.
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