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1.0 A BUSINESS PERSPECTIVE

Experiments in recent years have shown that high~quality oysters and
clams can be prown with extraordinary efficiency in carefully regulated
artificial environments. The efficiencies include more rapid growth, higher
yields of edible meat per oyster, and greater utilization of nutrients than
can be achieved either in nature or in primitive aquaculturzl systems. Addi-
tional efficiencies now appear to be possible through closed-cycle systems
in which scme pertion of the nutrients, wastes, and heated water are recir-

culated for reuse.

Two general considerations make closed-cycle aquaculture of consid-
erably more than academic interest today. First, there appears to be the
opportunity for near-term entry into a small but potentially profitable
market for oysters and clams raised in closed-cycle environments, Second,
the research breakthroughs now occurring in the culture of algae used for
oyster nutrition have profound implications as a source of protein not only

for shelifish, but as a food supplement for other animals as well.

To explore the potential of a closed-cycle aquaculture as a viable
and profitable business, we focus on a specific operation now underway at
the University of Delaware. For several years now, Delaware has experi-
mented with a partially recycled, environmentally controlled algaefoyster
husbandry system. Inorganic nutrients introduced intec the system combine
through photosynthesis with sunlight and seawater to produce more algae.
Algae are assimilated by the oysters. Oysters become food for human

consumption.
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From a technical standpoint, the Delaware system is of interest for

two reasons:

(1)

(2)

Single-cell photosynthetic algae are among the most efficient
converters of the sun's energy and organic chemicals into protein
for consumption by animals. Delaware researchers have made
important advances in productivity in algae husbandry that are
important to oysters at present, and vital tc the profitable
longer—term basic food business.

The Delaware work 1s advanced encugh to provide a clear framework
for understanding the complexities and the potentials of cther
aquaculture systems. Analysis of the Delaware system permits
breaking up the problems and issues into manageable, understand-

able subsystems that can be analyzed as factors of production.

In the shorter term, an oyster business based on the Delaware system

seems to have a reasonable chance of success because:

1)

(2)

(3)

oysters have a high unit market value so that relatively small
"factories" and concomitant small investment are required, sug-
gesting possible early profitability;

the natural supply of oysters has declined in recent years and
the decline does not appear temporary. Thus, the long-term
outlook for capital ifnvestment in aquaculture of oysters (and
other bivalves as well) appears good;

although the system has not yet been operated on a production
basis, some important preconditicns necessary for a profitable

operation have been demonstrated. For example, the cost of
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nutrients is quite low;

(4) the research and development for aguaculture of bivalves over
the past few years has led to very promising results and clear
identification of the remaining barriers to success;

(5) the species prown in the Delaware system can be subjected to a
wide range of gquality control measures to assure higher yields,
more uniform size, shape, texture, and the like. Incoming inspec—
tion of nutrients and other raw waterials, combined with on-line
process control can assure freedom from pathogens, disease, and
poisons (e.g., mercury);

(6) the '"manufacturer'' can control the output to track market demand.

In the longer term, the Delaware system may contain the seeds for
commercial realization of protein production from algae. Should this prove
to be the case, the ramificaticns of clesed-cycle aquaculture could well be
on a par with the revolution that occurred in agriculture due to mechaniza-
tion, new fertilizers, and hybridization. Such developments might mean
that a grower, instead of serving an approximately $10 million annual market

for oysters, could be serving a market a thousand times that size.

The Delaware system offers profound insights into the rationale (and
problems) of all cultured systems. It is now at a “preproduction proto-
type" stage, and cooperative inputs from industry are now needed to bring

the potential of aquaculture to commercial fruitiom.
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2.0 BACKGROUND

Aquaculture is the culture and husbandry of plants and animals reared
in controlled or selected aquatic enviromments. In its simplest forms,
aquaculture 1s probably as old as agriculture. People have been growing
fish in estuaries, ponds, and tanks for many years. In the United States,
public aquaculture of salmon was statrted a century ago and more than one
quarter of cur salmon (27,000 metric tons or 60 million pounds) originate

in hatcheries.

About 40% of oysters consumed in the U.5. are grown by oyster farmers
in quasi-natural environments. Half of our catfish and crawfish are com—
mercially raised in ponds. Nearly all our trout are raised in hatcheries

before being transferred to rivers, lakes, and streams.

Worldwide output from aquaculture has approximately doubled during the
lagt five years and now amounts to some six million metric tons (13.2
billion pounds) of edible marine products, roughly 10% of the world fish
production. Japan and several Southeast Asian countries rely upon rela-
tively primitive aquacultural systems for a substantial amount of their
total fisheries supply. 1In general, the forms of aquaculture in use today
consist of relatively minor manipulations of natural systems, such as ponds,
rivers, or bays. These efforts are a little mare advanced than primitive
agriculture. They are typically labor intensive, requiring relatively lit-

tle capital investment, and are run as small businesses.

By contrast, the type of aquaculture that we focus on in the brief is

capital intensive, with low labor requirements, and having the potential
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for serving as the foundation of a large new industry. This type of
aquaculture is sometimes referred te as ''closed-cycle,” in which nutrients
and wastes are recycled for efficient utilization and additional effi-
ciencies are achieved through use of solar energy. Closed-cycle systems
are characterized by rather complete environmental contrel, high feod and

product densities, and high yields.

We focus on oysters in a cleosed-cycle system for several reasomns.
The culture of oysters in natural environments is well understood and widely
applied both here and abroad. Oysters and other mullosks are herbivorous
and fall near the base of the food chain. They are very efficient utilizers
of the sun's energy that is fixed in plants. In addition, they have high

unit value.

Oysters, along with many wild stocks of seafood, have declined sub-
stantially in the twentieth century. The once prolific grounds of Narra-
gansett Bay and Delaware Bay have been decimated and do not appear to be
recovering. Production of oysters decreased from a historical peak of 152
million pounds of meat in 1908 to about 50 million pounds due to a number

of factors, all adversely affecting the environment for oyster productiom.

In the next section, we describe the closed-cycle system used for
shellfish aquaculture by the University of Delaware. The long-range
objective of Delaware's maricultural research is to produce fast-growing,
palatable, nutritious oysters and clams, free of toxins and pathogens.
Working with a controlled seawater environment, researchers are seeking to

achieve reasonable production costs, using sunlight as a natural source of

{(5)



energy and recycling organic wastes., Introduction of new strains of shell-

fish and the successful exploitation of existing ones could provide the

basis for the establishment of a new shore-based marime food industry.
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3.0 CLOSED-CYCLE MARICULTURE AT THE UNIVERSITY OF DELAWARE

The philosophy of Delaware's cleosed-cycle maricul ture system is to
utilize sunlight and nutrients to yield the maximum amount of oyster meat
as guickly as possible. Algae are grown as the photosynthetic intermediary
to convert inorganic nutrients and sunlight into food for the oysters. The
algae can be 5 to 10 times as efficient as land plants in fixing the sun's

energy and are therefore the key element in the system.

To visualize the interrelationships, a series of block diagrams may

be considered:

Sunlight
+ -0ysters to Market
Seawater ALGAE OYSTERS |—»
-Waste Disposal
+ {COg, urea, unused
food)
Nutrients

The diagram depicts a flow-through process system for the preoduction
of algae and oysters. The nutrients consist essentially of carbon, oxygen,
nitrogen, sulfur, phosphorous, potassium, and various nicromutrients

(trace metals).

Through photosynthesis, nutrients and the sun's energy are converted
to nutritious algae. A certain amount of the algae solution is fed to the
oyster and an equal amount of waste water is disposed of. The system below

depicts a recycled system.
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Sunlight

+
Make—-up Seawater ALGAE p——— | OYSTERS > Ovysters to Market
+ T w
€ Unused Food and
Nutrients Waste Products

The water returned to the algae block contains unused food and
waste products of the oysters. Some of the oyster wastes—-such as nitro-
gen, carbon dioxide, and phosphorous--are nutrients for the algal culture.
By recycling, nutrient costs are kept down and the capacity of the oysters
to "lick the platter clean,” or utilize a larger fraction of the nutritional

inputs, is enhanced. Furthermore, energy needed to heat water is conserved.

At the University of Delaware, controlled environment systems,
involving both flow-through and recycled processes, have been developed
and are in operation. A recycled system is depicted in the system and
activity network in Figure 1 (see page 9). Fach block represents subsystems

and activities required in operatiom of that subsystem.

The network is useful for two reasons. First, it makes understanding
and talking about the system easier. Second, it gives valuable insights
into the problems and opportunities in expanding the operation to commer-

cial size.

The Delaware system is not completely closed (100% recycled) or
completely flow-through (0% recycled). As indicated, some wastes and
water are removed Before recycling. Periodically, usually once a day,

the water in the grow-out system (E in Figure 1)} is processed to remove

(8)



WATER
TREATMENT
SYSTEM

Solar Energy

ALGAE
SYSTEM

E

OYSTER
SUPPORT
SYSTEM

SIMPLIFIED SYSTEMS AND ACTIVITY NETWORK
UNIVERSITY OF DELAWARE MARICULTURE SYSTEM

Acquire,
Process,
Store and
Deliver
Sea Water

®

FIGURE 1

Acquire
Distilled
Water,
Nitrogen,
Phosphorous
Silican,
Carben,
Trace Elements,

etc.

)

Prepare and
Maintain Nutri-
ent Soluticen

©

irs

B

NUTRIENT
PREPARATION
SYSTEM

Production

System Main-
tain Support
Algae Culture

Lab System
Maintain &
Support
Algae Culture

h.

Maintain and Support
Oyster Grow-Out System

Brood Stock,
Spawm,
Raise
Larvae
Set and
Raise Spat

®

A ® <

LY
F

Remove and Qysters

Process to

Wastes Market

h. 4
To Fertilizer
Market

(9}

D

HATCHERY
SYSTEM



wastes. A fraction of the algae culture from (C) is drawn off and tem-
porarily stored while water from the grow-out system is recycled to the
algae culture (C}. The temporarily stored algae culture solution is then
added to the oyster grow-out system. Make-up water from (A) and nutrients

from (B) are added to compensate for the waste water taken out.

Determination of the most economical or practical fraction of the
total water to recycle is a nontrivial problem. For example, seawater may
contain micronutrients that will be consumed but not resupplied in the
nutrients provided, and thus the micronutrients must he provided from
make-up water. Too much waste water per cycle causes loss of nutrients,
heat energy, etc. The trade~off in the costs of recycling and the cost of

the make-up water is reflected qualitatively in Figure 2 (page 11).

The work to date is being carried out on a number of parallel facil-
ities and experiments. Many nutrient experiments, algae 'mix" experiments,
and growth rate experiments are carried out in small-scale {less than one
bushel) completely flow-through facilities. Others are carried out in smail
closed-cycle facilities. At the same time, a larger closed~cycle system is
being developed to investigate the effects of scale, to vary the recycle

ratio and the like. This facility will have a capability of 50 bushels.

The University of Delaware has proved not only that bivalves can be
grown in a closed system, but alsc that they grow faster than they would
naturally. Oysters that take 36 months or lomger to mature in natural
seabeds and perhaps 24 months in open squaculture systems are now growing
to market size in only 36 weeks in Delaware labs (see Figure 3, page 12).

The same degree of success has heen achieved with clams, growing them to

(10}



FIGURE 2
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OYSTER LENGTH (MM)

FIGURE 3
COMPARLISON OF OYSTER GROWTH

™ (Market Size)

AGE OF OYSTERS (WEEKS)

The American Cyanamid preojection (Goedrich, et al., 1968) is based
on an intensive study of the costs and potential of a hypothetical 200,000

bushel plant (see Section 4.2).
The difference in Delaware oyster growth hetween 1973 and 1975 is

due primarily to improved diets and denser algae production.
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market size three to five times faster than in nature.

The mest outstanding recent achievements have been made in increasing
the density of the algae sclution used to feed the oysters. Increased
density of the algae solution means less water has to be treated, heated,
stored, and circulated to provide a fixed amount of nutrients to a given
amount of oysters. Also more oysters can be raised in a given space with
higher densities of algae solution. Thus higher densities of algae culture
imply lower costs. Since 1973 Delaware's mariculture scientists have
increased the amount of algae grown in a given volume of water by a factor

of ten.

Types of algae that promote fast growth rates of the bivalves have
been determined, and investigation continues to find combinations of other
algae which foster even faster growth. The exact biochemical basis for the
varying food values of specific algal cultures is not yet fully understcod,

although it is under investigation.

Detection and control of potentially harmful bacteria are essential
in any food-producing industry. The Delaware team cperates a microbiology
lab to detect bacteria which may be present in the system and to determine
if their effects are deleteriocus, benign, or beneficial. 8o far, no threat
to the health of either the oysters or their potential human consumers has
appeared. Alfrhough monitoring continues, Delaware's system should meet the

highest standards.

Another area of continuing research is the effect of trace metals.

Some metals are introduced as micronutrients in the algal culture. Other

(13)



metals, present in the seawater in varying and undefined quantities, are fed
into the system. Experiments are underway to find out which of the trace
metals build up, which are depleted, and in which parts of the system the

changes occur.

Last, but by no means least important, the oysters have been taste-
tested by laboratory personnel and pronounced excellent. Plans are being
made for a formal taste-testing in the future. However, it seems safe to
say that the combination of natural factors that produce the delectahle

flavor of clams and oysters has been reproduced in the laboratory.

(14)



4.0 MARKETS, COSTS, AND A MARKETING STRATEGY

4,1 Markets
4.11 Current U.5. Markets:

Total annual U.S. production of oyster meats is about 50 million
pounds valued at $35 to $40 million. The range in market valuve is from
about $0.50 to about £3.00 per pound of meat depending on quality. Gulf
Coast warm-water oysters average about $0.50 per pound, Chesapeake oysters
average over $50.75 per pound, and cold-water New England oysters are
valued at about $3.00 per pound. These latter oysters have high meat and
shell quality and command high prices for the "half-shell trade,” but they
comprise only 1% by weight of the total landings, i.e., around 300,000
pounds. Thus the half shell market is between $1 million and $2 willion per
year (500,000 Ibs x $3.00/1b.). Note that U.S. imports of oysters were
recently around 30 million pounds. If the majority of these imports are
premium cysters, the U.,5. market may be as much as $10 million to $20 million

per year.

Total annual U.S. producticn of clam meat is about 110 to 115 million
pounds, valued at $40 million to $42 million ($0.37 per pound). Fifty per-

cent of the value cor 520 million were hard clams (Mercenaria mercenaria)

valued at approximately $1.40 per pound.

This fragmentary data suggest the total dollar market for hard clams

is at least as big and possibly bigger than the market for oysters.

*Data are ex-vessel prices, that is, prices received by the preoducer from
the wholesale buyer, as reflected in the National Marine Fisheries Service
publication, Current Fishery Statistics, Mo. 6900, Fisheries of the
United States, 1975 (Washington, D.C.: Department of Commerce, 1976).
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4,12 Future Marketr Potential:

The NOAA Aquaculture Plan predicts that U.S., oyster consumption will

approximately double by the year 2000 (from 70 to 125 miilion pounds) and
that worldwide consumption will grow about 2-1/2 times (165 to 416 pounds).
There are reasons to believe that these figures may be overly conservative,

at least for the U.S.

Historically oyster consumption in the U.S. has been at much higher
levels. In 1908, 152 milliorn pounds of oysters were consumed in the U.S.
Since the U.S. population was much smaller in 1908, per capita consumption
of oysters was vastly greater than today. The figures become even more
impressive in view of the fact that oysters were consumed only in the coastal

regions in 1908,

The principal reason for the decline in consumption is most likely
the decline in the natural supply of oysters. Data concerning imported
oysters over the last 20 years indicate that increased supply could whet
the public appetite for more oysters. Not only are there many more people
in the U.S. (and the world) today, but refrigeration and transportation make
it possible to reach inland markets mot accessible in earlier times. In
addition quality control, such as could be achieved with cultured oysters,
could allay public health fears that seem to prevent some people from
enjoying oysters today. A strong promotional program to inform the public
that closed-cycle oysters are safe and tasty could also stimulate the per

capita consumption to approach earlier consumption levels.

If our speculations are correct, many more people could be persuaded

to eat many more oysters. But the supply will obvicusly not increase

(16)



through natural sources. The natural oyster beds are likely to decline for
environmental reasons outlined in Matthiessen ¢1970). In addition, many of
these beds, especlally the public beds, are not being managed for maximum
yield. ©Only 13% of the total oyster beds are privately controlled and yet
praduce 50% of the market. Also, archaic state laws regarding wildstocks
hamper the aquaculturist and impair efficient harvesting metheds (see

Brockrath and Wheeler [1975] and Agnello and Donnelley [19753]).

Closed-cycle mariculture would be free of legal and environmental
constraints associated with natural beds and would he able to locate in
favorable geographical locations to accommodate local markets. Clesed-
cycle aquaculture is in a better position than matural stock to satisfy

future increases in demand.

4,2 Production Costs

Goodrich, et. al. (1968), have analyzed costs for a hypothetical
manufacturing plant for rearing oysters. Their detailed and comprehensive
study is a base line for any study of closed-cycle systems. Costs were
totaled for each component of each subsystem and for alternative subsys—
tems. They estimated production costs to range from $8.50 to $72.00 per
bushel. The range reflects the alternative subsystems and the uncertain-
ties that surround the critical parameters such as food requirements, stock
density, and growth rates, etc., Due to these uncertainties, cost estimates
must still remain tentative. Nevertheless it is instructive to look at
the most recent breakdown of costs with a view to identifying the cost

components and their relative importance.
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Rased on some extrapolation of engineering/economic data available
from the experiences to date, Delaware provided us with information on total
capital investment, labor costs, operation and maintenance costs, and
natrient costs for a facility to produce 8,000 bushels per year. Recog~—
nizing that changes in the technology may radically modify these estimates,
we nonetheless have comstructed a pro-forma income statement in order to
estimate a profitable selling cost.

Cost of Goods Sold for a Hypothetical
8,000 Bushel/Year Facllity

HIGH ESTIMATE LOW ESTIMATE
COST ITEM $/Year $/Bushel/Year $/Year $/Bushel/Year
1. Labor & FICA, etc. $69,000 $8.62 §48,000 $6.00
2. Operations & Maintenance 9,000 1.13 9,000 1.13
3. Nautrients 42,880 5.36 10,720 1.34
4. Depreciation (15 yrs) 35,333 4.42 35,333 442
5. Cost of Goods Sold $156,213 $19.53 $1063,053 $12.88

We looked at annual reports of four major food companies and deter-
mined a reasonable estimate for Sales and GCeneral Administration (8 & CA)
for food companles was about 177 of gales or about 25% of Cost of Goods
Sold; in addition, Return on Investment {based on debt plus stockholders
equity) was found to be about 20% on a pre-tax basis, Thus the more

complete income statement would be:

Cost of Coads Sold $156,213  $19.53 $103,053 $12.88
6. S & GA @ 25% of LGS 39,053 4,88 25,763 3.22
Total Break-Even Cost 195,266 24,41 128,816 16.10
7. RO1 @ 20% of 530,000 106,000 13.25 106,000 13.25
Selling Price 3G1,266 37.66 234,816 29.35

(18)



This analysis makes several points more clear:

(1) Nutrient cost is relatively small and uninportant.

(2) Capital items {(i.e., depreciation and return on investment) are
about 50% of the selling price, hence the need to increase algae
density and oyster density to reduce the amount and costs of tanks
for water treatment, algae growth, oyster growth, and the size of
the physical plant.

{3) Labor items are also relatively large, indicating the importance

of process design to reduce the labor contemt to a minimum.

Not obvious perhaps is the suggestion that to keep labor and operation
costs and structures to a minimum, one ought to move to tropical, lower

labor cost areas.

Last, it should be noted again that forecasted costs have decreased
with improvements in the system. If the proposed 8,000 bushel/year facility

can be made to produce 16,000 bushels, the selling prices could be halved.

The difficulties of such a cost analysis are two-fold. First, dif-
ferent parts of the system '"scale" in different ways and require different
caliber of people to operate. For example, doubling the capacity of the
water treatment system may require twice as much capital and labor, while
doubling the capacity of the hatchery may require only 10% more capital
and labor. Thus, scaling from a laboratory facility to a commercial plant

ig fraught with difficulties.

An analysis of the labor and capital costs and the changes in unit

costs (with size) for each subsystem is needed to suggest the minimum cost

(19)



business organization. The capital and technelogy intensive subsystems
should perhaps be centralized, and the routine operations should be decen-
tralized. But clearly, the strategy depends on a cest analysis which is

not yet completed.

A second problem is that the required capacity of the various sub-
systems are strongly interdependent. Thus, an increase in algal density
will strongly decrease the required capacity of the water treatment system.
Similarly, the larger the fraction of water recycled, the higher the
nutrient utilization. An appropriate economic analysis of subsystem inter-
dependence will be useful to direct research to the areas for most effec-
tive cost reduction. The gross uncertainties in cost not withstanding,
preliminary studies of the most expensive nutrient, nitrogen, are

encouraging.

It has been determined experimentally that 380 grams of nitrogen are
required to grow a bushel of oysters to market size in flow-through labora-
tory conditions. The cost to purchase inorganic nitrogen to supply this
need depends upon the particular form selected.

Cost Elemental

*

Material Cost/100# Cost Elemental Nitrogen/Bushel
Nitrogen/S5Kg of Oysters

NaNO3 $22.00/1004 $3.00/Kg $1.14

NH4C1 $12.75/100# $1.08/Kg $0.41

NH4N03 § 9.20/1004# $0.06/Kg 50.23

*
From Southern State Cooperative, Nassau, Delaware

(20)



It is clear that cost of the most expensive nutrient, nitrogen, is
very small compared with the price of a bushel of oysters even in a flow-
through system. In recirculated systems, the nitrogen costs could be
reduced by a factor of two or three. Thus, we can say that nutrient cost
is not a problem. This is a necessary, but not sufficient, condition

for economic viability,

4.3 Marketing Strategy

Based on the more extensive work to date on oysters, a maximum
profit, minimum risk strategy would be to start an ovster production facil-
ity aimed at the premium oyster market of about $1 million, where the unigque

higher guality cultured product could effectively compete.

The National Marine Fisheries Service estimates that the price elas-
ticity of oysters is ahout 0.7, which means if mariculture production were
to increase cutput by 10%, price would be about 7% less than it would be
otherwise. But this does not take into account the positive attributes
of manufactured oysters, such as immunity to natural and man-made disasters,
uniform size and quality, high meat content, and control of production to

track market demand.

If the product is successfully competitive and if production costs
and market prices are reasonable, then the much larger world market could
become accessible. Thus, in premium oysters alone, sales could grow from a
several million dollar level tec several tens of millicns of dollars. Given
larger per capita consumption, and lower prices, total markets between $50

and $100 million might be achievable over the next decade.
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We obtained less information about costs for preducing clams, but they
should also be considered. While landings of both clams and oysters have
remained relatively constant over the last 10 years, the price of hard
shell clams has gone up half again as fast as oysters, with the price of
c¢lams doubling over the past decade. Clams are increasing in popularity
and have entered the fast food chains, suggesting that the market size as

well as the unlt price will continue to rise.

In addition, the hatchery operations and prototype preduction opera-
tions seem less capital and labor intensive. C(lams are generally hardier
and can be fast growing. The relative profitability of clams vs. oysters

should be more carefully scrutinized.

(22)



5.0 BOME SPECULATIONS ON THE FUTURE OF CLOSED—CYCLE AQUACULTURE

5.1 The Role of the FDA

The Food and Drug Administration repulations affect all shellfish
(and other food) shipped in interstate commerce. Several points should be
noted.

(1) The FDA administers the National Shellfish Sanitation Preogram
{(NSSP}, which sets standards for the water quality from which
shellfish are harvested. The standards concern mainly fecal col-
iform and heavy metal contaminates., We feel that the quality
control exerted in a closed=cycle mariculture system would effec-
tively clear this hurdle.

(2) The FDA's major regulations concern adulteration or misbranding
of food products. Adulteration means the content of poisonous or
deleterious substances either natural or added to the product,
and any filth, putrid or decomposed matter in the product whether
or not it is thence made unfit for food. "Added" means originating
through the acts of man; therefore, closed-cycle mariculture
would be affected by the laws regarding "added" substances. The
terms filthy, putrid, decomposed have been interpreted by the

courts in their ordinary rather than their scientific meanings.

In addition, even if a substance is pure, it can be interpreted

as "otherwise unfit for feood." The courts have used this phrase
to protect the aesthetic feeling and sensibilities of the consumer
even when there is no threat to health. It is conceivable that

consumers could exhibit attitudes of repugnance or disgust for

(23)



closed-cycle cultured mollusks and therehy open the door for ¥FDA

intervention.

The FDA, while a regulatory agency, has been accused of being
susceptible to political pressure. The established shellfish
growers could conceivably induce the FDA to take a hard look at

new "artificial' shellfish procedures.

These imprecise adulteration provisions have been discussed in
Kildew and Huguenin (1974) with particular regard to mariculture
gystems employing recycled domestic waste as a nutrient. To them
the future of such "waste"-hased mariculture systems appears def-

initely clouded by the spector of the FDA,

{3} Closed-cycle mariculture is quite different from mariculture based
on domestic waste. The closed-cycle system is a tightly controlled
emulation of the natural processes In the life cycle of shellfish.
If anything, it is clieaner than nature. However, the imprecise-
ness of the regulations could conceivably affect recirculated
closed-cycle systems, particularly in regard te the "otherwise
unfit for food" provision. Also, as closed-cycle mariculture is
a new concept, the initial commercial facility will most likely

face more serutiny than succeeding plants.

While the prospective investor in closed-cycle mariculture would
be well advised to study the regulations of the FDA and perhaps
to discuss the acceptability of the operation with the FDA in

advance, it is our opinion that closed-cycle mariculture will
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have less trouble with the FDA than many other forms of

mariculture.

5.2 The Future Role of Algae Culture

Although Delaware'’s current research has shown that growing shellfish
in closed or recycled systems iIs technically possible and that economic
feasibility is within reach, a substantial amount of research and develop-
ment in a number of disciplines remains to bring maricultural systems to

the level of productivity that has been achieved with agricultural systems.

The key issue technically and economically at the present appears to
center on increasing algae productivity. As noted earlier, most of the
important capital costs and many of the operating costs are related to the
support of the algae growth which in turn supports the oyster growth:

increases in algae density directly reduce costs.

Research supportive of this poal includes the study of:

(1) increasing photosynthetic efficiency obtainable from single cell
marine algae including vtilization of intense solar illumination;

(2} production of favorable mutant algae; and,

(3} the role of bacteria, viruses, yeasts, fungi, protozoa, and other
microorganisms in closed systems: their beneficial effects in
breaking down wastes into basic nutrients; and their potential

danger as pathogens.

The significance of the advances in algae production to date and the
potentialities of further advances must not be underestimated. The impli-

cations are more profound than simply oyster production. The techniques
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and lessons learned in the algae/oyster system may be extended to other

mollusks and to other useful marine corganisms.

If the algae production techniques show continued increases in
efficiency and economy in the basic process of comverting sunlight and
inorganic nutrients into plant life, then harvesting algae as a food or
food supplement for animals such as cattle and chickens becomes a very
real possibility. In fact, the markets for algae may he similar te those
of our best-known land crops, such as soybeans--measurable in the billionmns

of dollars.

Thus, the algae/oyster system at Delaware holds interesting promise
both as a potentially profitable oyster and clam business and as a specu-—

lation in tomorrow's food production systems.
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