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In March 1@0, personnel of the University of
Rhode Island and the marine Research Foundation,
under contract with the New England Regional
Commission, initiated a study of the potential for
aquaculture in tbe New England states, Study ob-
j~ves were defmed as follows:

L To establish economic, biological and technical
criteria. for evaluating the suitability of given spe-
cies for commercial culturing in New England.

2. To apply those criteria to species which are
judged to be of present or potential economic impor-
tance to New England,

3. For those species consequently found to be
the most suitable-either actually or potentially � for
commercial development, to defme and analyze the
most critical economic, biological and technical re-
quirements for their profitable culture, and to deter-
mine the extent to which these requirements have
been met.

In addition, prese~t and anticipated impediments
to the commercial culturing of each species were to
be evaluated to the extent possible.

The fmal report to the Commission was to in-
clude a summary of the results of the above work,
and conclusions and recommendations on those spe-
cies and culturing techmqucs, if any, in which pub-
lic and private research or investment would be
most worthwhile,

This report is concerned, therefore, with the
present potential for, and lunitations on, aquaculture
in the View England region, Within the past decade,
interest in methods of culturing aquatic organisms
for food has increased considerably. This has been
due in large part to four things;  a! the fact that
certain natllral stocks appear to be over exploited;
 b! an increasing consumer demand and, hence,
a higher market value for certain luxury seafoods;
 c! technological advances, and  d! a growing
belief that mankind ultimatelv ~ill rely far more
heavily upon the aquatic environment as a food
source than it does today,

In this report we regard aquaculture as cod Pro-
duction, Other aquacultural activities, for example
production of pharmaceuticals, have not been con-
sidered.

As charged by the Commission, the direction of
research has been the feasibility of promoting a
viable commercial aquaculture industry, Conse-

quently, we considered neither public Bsheries nor
public hatcheries except implicitly as alternate
sources of juveniles for a commercial aquaculture
industry.

The report has been written for the New England
Regional Commission, and the contents are directed
primarily toward questions speci8ed by the Com-
mission. It is hoped, however, that the contents
will prove of value to research personnel in public
agencies and to prospective investors.

We wish to point out that the subject of legal and
institutional impediments has been given brief con-
sideration. It is our opinion that the problem is suf-
ficiently complex to warrant a separate study.

The facts and opinions presented here are based
on literature research and on personal interviews
and visits to various laboratories and private cul-
ture facilities, Certain sections of this report have
been submitted to various authorities, listed in the
acknowledgements, for their critical review. The
authors wish to express their thanks for the time and
cooperation provided by these individuals, whose
assistance is greatly acknowledged.

It was understood at the outset of this investiga-
tion that, despite the recent interest in aquaculture
as a commercial endeavor, its development as a
proBtable industry in the United States fatten cer-
tain serious obstacles. This is particularly true of
marine aquaculture. Although signi8cant advances
in the culture and rearing of aquatic plants and
animab have been made in recent years, many of
these have been accomplished on a limited, if not
experimental, scale, It is clear that the successful
culttsre of a particular organism in a laboratory
enoifomrtent ln no toay assures its profitable culture
o» a coramercial scale for reasons that wiII be dis-
cussed in this report.

With th.e notable exception of the oyster industry,
particularly as it has recently developed in the Long
Island Sound area, there are presently very few
food-producing endeavors in the New England
states that could bc termed aquaculture, If the defi-
nition proposed by Ryther and Bardach {1988! is
accepted, aquaculture is an operation "that sub-
jects the organisms in question to at least one  but
usually more than one! manipulation before their
eventual harvest or capture." The reasons for the
limited success of aquaculture are complex, but it



appears that the major underlying factor may sim-
ply be lack of suRcient proSt incentive. Unlike the
Japanese, who have made, perhaps, the most sig-
niScant advances iu this area, Americans rely upon
aquatic resources for only a small percentage of
their basic foods. Therefore, until the signiScance
of aquaculture has attained a higher priority in the
public mind, its progress wi1I be slow.

It seems probable that, if certain technological,
economic and institutional barriers could be ebmi-
nated, the potential of commercial aquaculture in
New England would be considerable. The purpose
of this report is to attempt to deSne, for this re-

gian, the current Ilnutations and restrictions upon
aquacultural deveIopment and to attempt to indi-
cate where opportunities for useful research or
proStable culture presently appear to be greatest.
If some of the obstacles to aquaculture � technical,
economic, legal and social-appear to have re-
ceived emphasis, it should be recognised that many
aquacultural endeavors in the past have failed pri-
marily because the participants involved were not
fully aware of aII the diSculties associated with the
proStable rearing of aquatic organisms. They often
projected their production capacity solely by ex-
trapolating data derived from experimental systems.



2. Development of Criteria for the Selection of Species

In this section, certain criteria are developed in
order to select the species most suitable for corn-
mercial culture. By sequential application of the
criteria, it is possible to eliminate from a broad spec-
trum of species, those which currently have less po-
tential for an industry of significant size, Such a
"Stering" process makes it possible to concentrate
in detail upon present aod potential methods of
culturing those species of greatest promise,

The reasons why certain species have been elimi-
nated from serious consideration will be discussed
in detail, from both a bio-technical and economic
point of view. The net effect of the selection process
has been to reduce to Bve the number of species, or
groups of species, that appear to warrant serious
consideration for commercial aquaculture in New
England at this time.

The selection of criteria, and their application, has
been based upon literature research, interviews with
members of industry and the scientific community,
and personal judgement and experience. It has
been guided by the understanding that the interest
of public agencies such as the Ncw England Re-
gional Commission is in projects in which develop-
ment could result in substantial increases in regional
income and employment.

We do wish to emphasize the following points:

I. Rejection of a species on the grounds of lim-
ited impact on the regional economy does not nec-
essarily mean that individuals should not engage
in aquaculture of the rejected species.

R. We recognize that certain species currently
judged unsuitable by these criteria may in future
years become suitable. This change cmdd occur as
a result of technological development, shifts in con-
sumer preferences etc.

The criteria used fall into two distinct categories
� biological and economic. The biological criteria
include environmental adaptability and adaptability
to intensive culture, including a consideration of
the present state of cultural knowledge. The eco-
nomic criteria include market volume and price con-
siderations, interregional competition and natural
supplies.

Certain taxonomicaHy-related species are sim-
ilar in their environmental requirements, mode of
reproduction etc., and may satisfy most criteria; in
this case, the species for which prospects appear

most promising, is selected from the group for in-
tensive examination  see chapter 3!, For example,
several salrnonids � rainbow trout, Atlantic, Chinook
and silver salmon � are highly similar in their re-
quirements under culture and satisfy roost or all
of the criteria outlined. We focus the discussion of
salmonids in chapter 3 on the silver  Coho! sal-
mon. The implicit assumption is that, while an
aquaculturist may culture more than one member
species of an accepted group of species, initial ef-
forts might be most successful if concentrated on
the selected species,

By applying both biological and economic cri-
teria, we have obtained two major categories: re-
jected species and accepted speci~. From the latter
category we have selected Bve species for subse-
quent analysis in chapter 4.

Bio-Technical Criteria

Enoironmental Adaptability
Many species of aquatic organisms throughout

the world have been found suitable for aqua-
culture and they form tbe bases for local or regional
industries. Even though many of these operations
are economically viable or technicaHy feasible in
the particular region in which they are pursued,
they will not be so in the New England states if
the species are physiologically unsuited to this area.
Thus, the initial screening of aquatic species as a
means of evaluating their potential for culture in
New England should eliminate those that are physi-
ologicaBy incapable of tolerating the environmennd
conditions of this area.

For purposes of culture, water temperature can
be regulated, In many aquacultural operations in
temperate and semi-tropical latitudes, temperature
regulation is, in fact, a vital part of the culture sys-
tem. Due to cost considerations, every effort is made
to minimize the amount of heated water required;
the species under culture is usuaHy, at some stage of
its life cycle, exposed to ambient temperatures.
Temperature manipulation is usually used to hasten
reproductive processes, insure the survival of lar-
vae at times of the year when reproduction does not
normally occur or to accelerate the @murk rate of
juveniles. As a result of costs, temperature manipu-
lation is rarely, if ever, relied upon throughout the
complete maturation process.



Use has beea made of the cooling water discharge
from steaxn electric systems � both nuclear and fos-
sil fuel � as aa inexpensive source of heated water
for culture purposes. There is little question that
these eRueats could be a highly useful aquacultural
tooL However, for species that could not survive
ia the event of plant shutdown and consequent
temperature decrease, total reliance upon steam
electric system efBuents for survival would seem to
involve an unjustifled risk.

As an initial basis for selecting a species for cul-
ture in New England, it should be able to tolerate,
at least thxough a signiflcant portion of its life
cycle, the temperature extremes characteristic of
New England. On this basis, maay species other-
wise worthy of consideration are eliminated, includ-
ing common pompano  Trachbuess carolbms! which
succumbs to temperatures below 10'C and the pink
shrimp  Peanaeus duraarurn! which occurs for the
most part in tropical or semi-tropical waters,

'Hm rationale for this criterion is as follows;
aquaculture is, from a technical standpoint, in its in-
fancy. Within the past ten years, many aquacul-
turaI projects have been initiated in the United
States, aad many have failed. Particularly with re-
spect to marine species, relativdy few projects are
operating on a profltable basis. Certainly, as in any
new endeavor, this picture shouhd brighten as the
technology improves. However, it is essential that
species selected for culture should provide the cul-
turist with minimum disadvantages and offer the
maximum chance for success.

This view is reflected by lverson �968!:

The species best for farming are those that are
iadigenous to an area. Through scientiflc farming
of these species, the flsb farmer will get the
greatest production. He should not delude him-
self that transplantiag species into a new eaviron-
rnent will result in very rapid growth and high
production. Such results are rare. Much bas been
written about the relatively successful trans-
plants, hut little about the unsuccessful ones,

Clearly animals are most sucLmsful ia the geo-
graphic areas where their best living conditions
can be found. Trying to farm a species at the
ends of its range is foolhardy because these aai-
mals live on a margiaal basis. With a change in
environment and conditions for the better, the

species occasionally becomes abundant, but if
the conditions become less favorable mortality
wiB be high.

Adaptability to Intensioe Crxltare
Ryther and Bardach �968! have listed the fol-

lowing characteristics of organisms that lend tbern-
selves to commercial culture:  a! ability to repro-
duce in captivity;  b! hardiness of eggs and
larvae;  c! food requirements that are readily satis-
fled, and  d! relatively fast rate of growth.

Although few species satisfy all these require-
ments, certain species fall so far short as to pm.
elude, at this stage, large-scale attempts at culture.
In the case of other species, so little is kaown about
their reproductive habits and larval and juvenile
requirements in captivity, that recommending their
commercial culture would seem unjustifled.

The blue crab  Calllasctes xapidus! is a species
of commercial importance that has been cultured
through various stages of its life cycle, although
largely experimentally and not in New England.
The difllculties in rearing this species through its
rather prolonged larval period, and in satisfying
its rather extensive food requirements, whea
weighed against its ultimate market value of about
ten cents per pound, tend to argue against its com-
mercial culture.  Idyll, 1969!

Similarly, the northern shrimp  Paudatus borealis!
is an oceanic species that has not yet been reared
successfully ia captivity. In cases where this has
been attempted, the larvae generally have not sur-
vivedd.   Knowiton, personal commumcations!

Most ofhhore ground Bsb and pelagic flnflsh species
do not aow appear to be logical candidates for in-
tensive culture. The culturist has little practical in-
formation regarding reproduction of these species.
Their nutritional requirements during their larval
stages are uncertain and their adaptability to ia-
tensive culture is questionable. It is diBIcult at this
state to conceive, for example, of culturing tuna on
a practical basis. Even though certain species of
flatflsh, i.e. plaice and sole, have been cultured ia
Europe, the technical arrd economic dlfflculties en-
countered tend to discourage similar efforts ia Nevv
England.

As a scend basis for selection, therefore, sufB-
cieat technical information should be available re-

gardiag environmental requirements in captivity



of the species in question, In short, the specie has
already been cultured through most, if not all,
stages of its life cycle, at least on a pilot scale.

To summarize selection criteria to this point:
Those species that appear most qualiBed for fur-
ther consideration are those that  a! are physio-
Iogically adaptable to a. New England environment,
and  b! have been cultured, even to a limited ex-
tent, under conditions corresponding to the New
England environment.

Economic Criteria

In addition to biological considerations, economic
factors must be analyzed in the selection of species
that possess high potential for commercial culture
in the New England region. Economic factors in-
clude market price and volume, potential compe-
tition from other regions and natural supplies, Se-
lection of species is based on judgments stemming
from bio-technical and etnnomic data extant at the
time of selection, Changes in technology, biological
knowledge, consumer preferences and/or natural
supplies could alter the selection of appropriate spe-
cies. The selection results should, therefore, be re-
viewed periodically.

Market Price and Voltttne
Two economic conditions were assumed neces-

sary for a species to warrant further analysis: There
must be a high unit price and a signi&cantly large
sales volume, One product with a high unit price
but relatively low volume is the bloodworm, which
yields over one dollar per pound to the digger. A
product with high price and high volume is the
American lobster. In this analysis, the bloodworm
has been rejected, but the lobster has been retained
for further consideration. Other species with both
high price and high volume indude tbe sahnonids,
oysters, and hard and soft clams. Examples of spe-
cies with a low unit price, but a high market vol-
ume, would include certain ground8sb such as
Rounder, haddock, and cod. 'Ikey also have been
rejected in this analysis.

Many species exhibit substantial seasonal price
Ructuations. If aquacultural production permits con-
trol of time of harvest, then prices higher than annual
averages may be obtained. For example, trout sup-
plies and prices are quite stable over the year, re-
Recting the control exenised by culturists. 'Ihe

opposite is true of salmon species, where supplies
and prices fluctuate with salmon runs. At this time,
the only signiRcant control which exists for salmon
supplies is cold storage inventory control.

Market volume has been suggested as an impor-
tant factor inHuencing tbe likelihood of success of a
substantial aquaculture industry. It is sometimes
argued that new products can expand current mar-
ket volume, and it is true that under some condi-
tions development of new product forms can in-
crease total demand for a primary product. The con-
ditions under which such increases are Likely can be
deternuned by detailed analysis of tnarkets. For
certain high-priced, low-volume species it is very
tempting to gloss over the market volume criterion
by resorting to this "new product argument, i.e.
that new products create new markets, This argu-
ment ignores a more rational approach: Use existing
supplies to Brst demonstrate that  I! a new prod-
uct form potentially exists, �! the new product
is acceptable to consumers and �! existing sup-
plim are inadequate at prevailing prices to meet
the demand for tbe new product. Demonstration
cf these conditions is normally executed by private
industry. If these are not demonstrated, market vol-
ume considerations should be based on current per
capita market volume. Without detailed market
analysis, only speculative assumptions can be made
about potential high volume for a species.

The market process is also subject to some econ-
omies of scale which reinforce the case for a mini-
mum market volume criterion. For example, adver-
tising costs per unit of product tend to vary in-
versely with market volume, The same is true of
distribution costs.

Application of the market volume criterion re-
quires specification of a minimum annual sales level;
in this study we have used a level of a BIO' increase
in annual sales.' The associated percentage increase

' Thtt etady uaunHy eeoc ~ ~ to etsrrete
lerge or errtaJl aurobera The foQmoing re1atiomhtpe are
provided for the reader:

1,5 !  10' = ooe end onsvboP ~
1.0 !< 10' = one oulliort
0.8 X 10' = ooe-helf ~ = S.O X 10'
1 0 X 10' = ~ ~ th ~
1.0X10 =t t~
1.0 X 10' = oae thmaamd
M >< 10 = oee~'Qiooth
1.0 >< 10 = orte-friaiortth



in supplies at current ex-vessel prices was com-
puted, If the supply increase exceeded 50 percent,
the species was rejected. If the supply increase was
less than 50 percent, its effect on prices was esti-
mated by multiplying the proposed increase in sup-
plies by the estimated price flexibility coefficien of
the product in question. If the anticipated price de-
cline was less than ten percent, the species was not
rejected. If the anticipated price dedine exceeded
ten percent, the supply increase was compared to
the projected rate of growth in demand. If pro-
jected growth in demand couM not absorb the as-
sociated supply increase within ten years, the spe-
cies was rejected. The rate of growth of demand
was projected by assuming a I,5 percent growth in
real per capita income and multiplying this rate of
gmwth of income by estimated income eIasticity.s

Ideally we would like to compare prices at their
reduced level with production costs. However, it
was impossible with the paucity of data and time
to synthesize estunates of production costs for more
than a few select species. Our operating assumption
has been that production costs would rarely be
much below current prices, Under this assumption,
substantial price reductions would not be consistent
with viable commercial production, The price de-
cline caused by an increase in supply would confer
beneflts on consumers, However, the focus of this
analysis is not one of social beneflt cost analysis, but
of commercial viability.

It is necessary to reiterate the following points.
 I! Rejection of a species o¹ the basis of the rnini-
rntstn sales criter on does not mea¹ that tndinidttais
shottld not engage in production ahottld they so
desire. It simply recognizes that the potential aggre-
gate payoff from research and development funds
is quite small. To an individual producer this payoff

' Price etasttcttv  Ep! ts an index of the rcstensteeneae of
qaanttty demanded to oartattons in price, ho ding income
constant. tt is defined as the percent change in qnantttv de-
~ associated saith a One peroent Change in price.
The incerse of price e~ iS termed prioe fieatfltlttV
 Xtlq!. Knolotcdge of price e aetio tV eaklm a prafeettan
Of the irnpaet Of a gtoen tlercentage increase in rssppttes On
market pn'ce,

tnocrne e sttctttt  KJ ct an tndtas Of the restnmstoeaeee Of
qrsantitit demanded fo Qarfattons lrl pal' capita incanÃ~ hold
tng prior constant, tt is ezpretted ae the peroent change in
qtsantsttt demanded associated loith a orle pcfcent change in
per catsaa income,

may appear quite large. �! The rn nirntsr¹ salee cri-
teria¹ implies nothing about the optirnctrn size of
prodttction u¹t'ts, It refers to the potential scale of
the "iudustrv," which may be comprised of numerous
small flrms, a single large Rrrn or any industry struc-
ture between these two extrecnes.

Interregional Competition
The signiflcance of interregional competition lies

in the fact that a species which does not have con-
sumer acceptance in the region in which it is pro-
duced must be exported to regions in which it is
accepted. Interregional shipments would require
that New England producers compete favorably
with those in other areas. The importance of inter-
regional competition is exemphfled by channel cat-
fis  Ictalurtttt pttnctattts!. If one were to ignore un-
favorable hio-technical considerations, production
in New England might appear feasible, However,
production is expanding rapidly in southern states
where natural conditions are favorable, Further-

more, these states are closer than New England to
feed supplies, a major item in production costs, and
to major product markets. Consequently, New Eng-
land does not appear to have a strong competitive
position vis-4-vis the South in catfis production,
Not only is local demand Iimited, but exports to
southern demand centers would incur a transporta-
tion cost higher than that faced by Southerners who
have producbon cost factors in their favor.

Natural SttppBes
Natural supplies are of obvious importance to

successful aquaculture, Discovery of new supplies
or fluctuations in availability of native stocks can
Influence the potential market value of the same
species grown under controlled culture. The flow
of production yielded by a given flshery depends
partially upon the size of the population stock. The
population stock at any point in time is influenced
by past catch rates, The interaction of Bshing effort
 and hence catches! and population stocks is fre-
quently summarized in the abstract by a yield-effort
curve. An idealized example of such a curve is
presented in flgure l.

The level of effort  E! and its associated level of
catch  I.! are of particular relevance. The point
where ~ and En intersect is termed the maxi-
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mum sustainable yield  MSY! of the Ilshery. In-
creases in effort beyond this point may result in
temporary increases in catch through stock deple-
tion. Eventually, however, landings will be de-
creased below L �although greater fishing costs
are incurred by the associated increase in elfort A
fishery in which anmtal landings are ia the neigh-
borhood of MSY will not have sustainable supply
increases in the future. Demand increases will be
absorbed by discovery of new supplies aad/or
acquaculture aad/or price increases, Conversely,
if curreat landings are considerably less than MSY,
increases in landings may occur in the future.

The relevance of natural supphes can be stated in

terms of future price trends. If current landings
are near MSY, market prices may be expected to
rise in the future. The rate of price rise will depend
oa the rate of growth of demand even if Sshing
effort is stabilized at E ~ .' If Bibing effort is per-
raitted to increase beyond E�... the physical yield
of the Bshexy will be diminished and prices wlII rise
more rapidly than tbe rate of growth of demand.
Conversely, if current landings are considerably less
than MSY, future price rises will tend to be less
than the rate of growth of demand. The difference
in growth rates of price aad demand in this case
will reflect the dampening effect of increased sup-
plies on price. For example, the inshore lobster
kheries of the New England states are near their
MSY point and future prices will rise quite rapidly
unless new stocks are exploited.

Conversely, landings of clams by the New Eng-
land and Middle Atlantic states and the Atlantic
coast provinces of Canada were less than 8.0 >  10'
pounds in 1966  National Marine Fisheries Service,
Working Paper Xo. 55, 1970!. This total includes
surf chuns, By contrast, 3.38 X 10' pounds is the esti-
mated MSY of hard and soft clams in the aorthwest
and west central Atlantic, many tijnes greater than
current landings by the coastal states of the area
 Canada Department of Fisheries and Forestry,
1989!. Future price rises will probably occur but
will be limited by increased exploitation of abun-
dant natural stocks,

' The rats of groaAh of demand te dtecaesed to connection
cath tooome elstttctts of demand. See footnote 2.





In summary, the major limitations upon mussel
culture at present appear to be economic rather
than technicaL Present demand for' this species does
not yet warrant the expense involved in culture,
Furthermore, natural supplies are abundant, Should
this marketing picture change, tbe mussel would
appear to be well suited for commercial culture in
New England.

Bloodroorrrr  C Iycera dibrarrchiata!
The marine bloodworrn is a common resident. of

muddy intertidal Hats along the New England
mast, Dow �969! bas indicated that this species
has perhaps the highest unit value of any marine
organism; as much as @,25 per pound may occa-
sionally be paid for it. Tbe bloodworm is marketed
almost exclusively as bait for sport and commercial
Bsherrnea, As pointed out by Iversen �968!, the
number of sport Bsbermen in tbe Umted States is
increasing more than two and one-balf times as fast
as the population; by the year 2000, there will be
over 62 million sport Bsbermen ia this country.
Thus, methods for culturing this species in com-
mercial quantities are being seriously considered.

In recent years, U.S. bloodworm landiags have
been rather steady at approxjrnately 8,0 X 10
pounds, valued ex-vessel at approximately $l0~.
Most of the U.S. production is centered in Maine
which landed 8.32 !< l P pounds in 1968 and 7.82 X
10s pounds in 1969, valued at $10 .

A production target of an additional $10' would
be a 100 percent increase ia supplies at current
prices.

Characteristics of the bloodworm favorable for
commercial culture:

I. Tbe bloodworm is extremely fecuad, with
large females bearing anywhere from two to nine
million eggs  Creaser et al, 1967!.

2. This species is primarily a detritus-feeder
rather than a carnivore  Klawc and Dickie, 1957!.
As such, its nutritional requirements under culture
might be satisBed relatively inexpensively.

3. According to Klawe aud Dickie  ISST!, the
bloodworm is far less a wanderer than the sand-

worm  Neenthes circus!. Therefore, the problem of
maintaining large numbers of worms ia a particular
area until they reach marketable size is minimal.

4. The bloodworm is tolerant of a wide raage in
salinity and occurs in both estuarine and oceanic
err vironm eats.

species reaches most favored market size
m about three years, However, as a result of high
demand, it may be of commercial value after its
Brst year  Creaser et aI, 1968!,

Characteristic of the bloodworm unfavorable for
comraercial culture:

1. According to Klawe and Dickie �957!, tbe
rate of natural reproduction of the bloodworm ia
any given area may vary from year to year for a
number of reasons, These investigators experienced
considerable difHculty in rearing larvae of this spe-
cies nader artiBcial conditions and reported that
little is known of the environmental requirements
of the larval and post-larval stages.

2. The bloudwnrm is customarily harvested from
tbe intertidal Bats by hoe, Consequently, a mini-
mum of equipmeat and, hence, of capital investment
is required, Although this is highly advantageous to
the individual Hsbermaa, it is also true that aay
species so easily accessible and readily harvested at
minimum expense poses certain economic problems
to the culturist wbo intends to invest in the acquisi-
tion and maintenance of private beds, aad possibly
in the controlled rearing of the species. SpeciBcally,
 a! entrance and egress in the natural Hsheries may
lead to unstable prices aad  b! without adequate
property rights in the form of a lease, the culturist
may face Iosses due to his inability to deny public
access to growing beds.

In summary, the bloodworrn bas certain charac-
teristics that suit it for commercial culture, If cul-
tured under natural coaditions, without efforts to-
wards intensive management, it would appear that a
suitable area of roughly 300 acres might yield as
much as 225,000 pouads of bloodworms each year.
It is possible that such yields might be signiBcaatly
in~ if intensive management practices were
applied. It is not now known whether reproduction
might be guaranteed through hatchery tecbruques.
Although bloodworm prices are quite high, the
species is rejected by the market volume criterion.
Mortality rates from the efforts of both the harvester
and the sport Hshermen are reportedly high. Meth-
ods for reducing these marketurg losses might be a



more productive area for research than aquaculture
per se.

Saft-shell Cfrrrn  Mya arenario!
The soft-shell clam is a common inshore species

ranging in its Atlantic Coast distribution from
Labrador to the Carolinas. Although it occurs most
commonly in intertidal areas, it may also be Bshed
intensively below the ]ow water mark, as in Chesa-
peake Bay and in various salt water ponds in the
New England area,

The soft-shell clam has had an ex-vessel price of
g0,30 to 40,40 per pound since 1960. At 1967 prices,
the increased production required to generate gross
sales of $10' would be 2.5 >< 10' pounds, This would
represent a 25 percent increase in supplies, Using an
estimated price Bexibility coeScient of -1,6 from
the National Marine Fisheries Service  Working
Paper No, 55, p. 14!, this supply increase would
depress prices by 40 percent, Since this percha.ntage
exceeds the ten percent level discussed in connec-
tion with the market volume criterion, in chapter 2
we next considered the rate of growth of demand,
as described in the following paragraph,

Assuming a 1,5 percent annual growth in real in-
come and an estimated income elasticity of 0.25
 N.M.F.S. Working Paper No. 55, p. 14!, a 0.38
percent annual growth in demand is projected. This
would result in approximately four percent growth
in demand in ten year's, which is not sufBciently
rapid to absorb the above 25 percent supply in-
crease.

Characteristics of the soft-shell clam favorable
for commercial culture:

1. This species is extremely hardy. It reportedly
ceases to grow only when water temperatures drop
to 3'C  Turner, 1948!, and thrives at temperatures
in excess of 26'C  Matthiessen, 1960!. With ~
to salinity, it has been planted sucrxzsfully in wa-
ters ranging from 5 o/oo to over 31 o/oo  Belding,
1930!, It may successfully populate a variety of
sediment types, ranging from soft mud to coarse
gravel. Intertidal populations can endure prolonged
exposure between tides, accompanied by signiBrzmt
seasonal variations in air temperature.

2. In the southern portion of its range in New
England, this species may grow extremely rapidly,
According to Turner �948!, in Rhode Island waters

this clam may reach a legal marketable size of two
inches in length in one year, North of Cape Cod,
the rate of growth is somewhat slower, but even in
northern Massachusetts and western Maine, market-
able size may be attained within three years.

3. As is true of most other bivalve mollusks, this
species is sedentary rather than fugitive, Because of
its normal occurrence in intertidal or shallow water
areas, it is readily accessible for harvest.

4. This species acquires its food directly from the
water column or mater-sediment interface in the
form of phytoplankton or particles of organic detri-
tus. Therefore its nutritional requirements are satis-
Bed readily and inexpensively.

5. At least in the natural environment, the soft-
shell clam may thrive in extremely high densities.
Populations of 50 legal-sized clams per square foot
have been reported  Turner, 1948!, although such
densities are rarely attained. A well-managed flat,
however, may yiekl over 100 bushels per acre on
an annual basis  Wallace, 1967!.

6, The clam may be harvested rapidly and efB-
ciently, with little breakage, by hydraulic dredging
gear.

Characteristics of the soft-shell clam unfavorable
for commercial culture:

L A commercial operation, in order to be viable,
must be assured a reliable source of supply of ju-
venile stock, It is for this reason that certain of the
larger oyster growers in New England have been
forced to invest in oyster "hatcheries," since natural
reproduction is not reliable, Consistent reproduction
of the soft-shell clam year after year in any given
area cannot be guaranteed; artificial methods of
rearing the young might be required for sustained
production. However, efforts to produce clams by
conventional hatchery techniques have for the most
part failed  Zuraw et al, 1987!. Loosanoff and Da-
vis �963! and Stickney �964! have succeeded in
inducing this species to spawn in captivity and in
rearing the larvae through metamorphosis, but only
on a limited sade. In short, to date it has proven to
be a difBcult species to propagate under controlled
conditions.

2. The soft-shell clam is extremely vulnerable to
natural predators, which include the green crab

'  Carer'nides maersss!, horseshoe crab  Liretdsrs poty-
phernsrs!, and the boring snail  Polynicss heros and
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P. duplicata!. Experimental plantings by Spear and
GIude �957! resulted in mortalities as high as
95 percent during a single growing season, Turner
�953! bas also reported cases of extremejy high
mortalities among populations in which histories
have been traced through consecutive years. Even
in areas fenced to exclude predators, hcavy mor-
talities have been reported for reasons not clearly
understood  Turner, 1950!; in one instance this
reached 85 percent, Virtually nothing is known
about diseases and their causes among chm popu-
lations, but widespread mortalities may occur that
cannot be attributed to predation.

In summary, despite certain characteristics of the
soft-shell clam that make it a highly desirable spe-
cies for commercial culture, it has for the reasons
given failed to be cultured consistently on a com-
mercial scale, Existing clam Hats have been man-
aged relatively successfully through predator control
and regulated harvesting. However, these efforts
have followed the natural occurrence of the clam
with locations not subject to control, As of now,
proRtable clam culture on a private commercial
basis awaits further developments in methods for
rearing the larval and juvenile stages to stages
where they might be successfully managed in na-
ture. MarLet conditions as discussed earher are also
unfavorable, and signiflcant additions to the re-
gional economy appear unlikely. For these reasons
this specie is rejected.

%'inter Flounder  Pseudoplearonectes americanus!
The winter, or blackback Hounder is a species

common to all of coastal New England, where it is
highly valued for food. This species commonly
spawns in bays and estuaries, where the young may
remain for the frat few years of their existence. Be-
cause of its food value and apparent tolerarux. to a
reasonably wide range of environmental condi-
tions, and because closely related species have been
cultured intensively in captivity   Shelbourne, 1985!,
some consideration has bccu given to corrunerciaI
culture of the winter Rounder in New England.
However, the ex-vessel price of this species, about
90.15 per pound, is rather low to justify the costs of
capital facilities and acquisition of suitable food.

Characteristics of winter Hounder favorable for
commerciaI culture:

1. By means of stripping ripe adults, the eggs of
this species have been fertilized in captivity, and
viable larvae are readily obtained,

2. The winter Hounder is relatively fecund; a
large fernale may produce over one million eggs an-
nually  Bigelow and Schroeder, 1953!,

3. The species appears to be hardy, capable of
tolerating a wide range in both temperature and
salinity. It may' be found in abundance in areas
heavily poHuted by industrial and domestic wastes,
aud on bottoru areas varying in sedimentary charac-
teristics from soft mud to Rrm sand.

4. Thc winter flounder reaches marketable size
when only three-fourths of a pound in weight, or
roughly ten inches in length, at about three years of
age.

5. Although the adult of this species is capable
of extensive migrations  Coates et al, 1970!, the
juvenile may remain within the area in which it was
spawned for two years or more  Perlmutter, 1947!.

6. Tbe adult Hounder does not appear to be par-
ticularly selective in its feeding habits, reportedly
being omnivorous to a degree and feeding upon
algae as welf as such small marine animals as
worms, clams and crustaceans.

7. A related species, the plaice  Pleuronectes pla-
temr!, with presumably rather similar environmen-
tal requirements has been reared from fertilized egg
to maturity under controlled conditions and in sig-
niflcant quantities { Bardach, 1968!.

Characteristics of winter Hounder unfavorable for
commercial culture:

1. Tbe food requirements of the larval and post-
larval stages of this species are not well understood.
On the basis of experiences with related species, it
is presumed that the winter Hounder requires ani-
mal protein to a degree and must, therefore, be pro-
vided small animals maintained in culture for this
purpose, e.g. brine shrimp or marine worms, or
Bnely ground meat. Thercforc, satisfaction of nutri-
tional requirements may be costly in both time and
money. According to Shelbourue �969!, pellet-
ized food is not satisfactory for the larval or juvenile
stages of the plaice.

2. Because of spatial requirements, it does not
appear feasible to culture Batflsh to maturity in
commercial quantities under totally artiRcial condi.-
tions. Transfer of the hatchery-reared young to en-



closed lochs or lagoons, where they may mature to
marketable size, appears to be the most promising
approach. However, according to Bardach �968!,
considerably more must be learned about methods
for preventing oxygen depletion, predation and dis-
ease before even this approach can become eco-
nomicaHy feasible. Furthermore, some form of en-
closure would be necessary, since a winter Rounder
may wander considerable distances from its spawn-
ing and nursery areas when two years old or more,

In summar,', the winter Hounder has certain
characteristics favorable for commercial culture.
However, although it is au important commercial
species, its present market price of approximately
Q,I5 per pound, ex-vessel is too low to justify
the cost of hatchery operation and maintcnancc, the
feeding of the larval and post-larval stages and the
construction and maintenance of impoundments
required for rearing the juveniles to maturity.

Sea Scallop  Plaeopect en rnagellanicus!
As a result of declining stocks on Georges Banks

since 1966, the sea scaHop has become an increas-
ingly high-priced food item. In January 1970, ex-
vessel prices of dome tie scallops reached a record
high of $1.46 per pound. Over 24 >< lGx pounds of
sea scallops were consumed in 1969, Because irn-
ports are now approximately twice the volume of
domestic landings  Surdi and Whitaker, 1970! and
because it should be possible theoretically to cul-
ture this species by the same techniques developed
for other species of bivalve moHusks, the sea scallop
has been considered for aquaculture in New Eng-
land.

Characteristics of the sea scallop favorable for
commercial culture:

1. The sea scallop is tolerant of low temperatures
and, in fact, appears to grow most rapidly at tem-
peratures approximating IONIC. In this r~ it
would have a distinct advantage over most bivalve
moHusks in terms of culture in northern New Eng-
land,

2. As far as is known, this species subsists upon
phytoplankton and particulate orgarnc matter in the
water column  Posgay, 1%0!. Therefore, its nutri-
tional requirements are readily satisHed without
supplementary foods.

Characteristics of the sea scaHop unfavorable for
oommcrrial culture:

l. This species has proven difHcult to rear under
culture, Posgay �953! had little di8iculty in in-
ducing adults to spawn under controHed conditions,
but the larvae failed to survive to metamorphosis.
Pos gay   personal communication ! reports that
other investigators in Canadian laboratories have
experienced similarly poor results. Although the
reasons for poor survival are not understood with
certainty, it is suspected that the nutritional rcquire-
rnents nf the larvae of this species may be compli-
cated and not readily satisHed by the algal foods
conventionally employed in shellHsh hatcheries.
Quite recently, larvae have been raised successfuHy
through metamorphosis by biologists in Maine
  Dow, 19?1!.

2. As compared to the bay scallop  Aequipecten
irradiarLr!, the growth rate of tbe sea scallop is rela-
tively slow. It is estimated that this species needs a
minimum of two years to attain 40 millimeters in
shell height, a size the bay scaHop may reach during
its initial growing season  Mern!I and Posgay,
1987! .

3. The growth rate of many species of bivalve
moHusks may be accelerated by elevating water
temperature above normal. In the case of the sea
scallop, however, maximum growth rate occurs at
around 10'C; its growth rate declines at higher
temperatures, and complete mortality is generaHy
reached at temperatures approximating 23 C  Pos-
gay, 1953!.

4, This species is a relatively active swimmer,
and juvenile scaHops reportedly have been observed
swimming near the surface on Georges Bank where
the depth exceeded 25 fathoms. Regardless of the
reliability of these observations, it is evident that
private culture operation would require some rnech-
anisrn for containing the scaHops.

5. The meat yields of sea scaHops are low in com-
parison to those of bay scaHops of similar size. Ac-
cording to Baird �954!, the weight of the muscle
of a 50-miHimeter sea scaHop approximates 2.6
grams. Belding �931!, on the other hand, deter-
mined the xneat weight of bay scaHops in this size
range as approximately seven grams.

In summary, despite its current high market value
and its physiologicaI adaptability to the knv tem-



peratures characteristic of northern New Kngland,
the sea scallop does not appear to be a logical can-
didate for culture at the present time. Certainly the
initial and most serious obstacle to culture is the
inability to obtain juvenile stocks on a reliable and
annual basis, whether by natural or controlled meth-
ods of reproduchon.

Hock Crab  Cancer irroratus!
The rock crab is the only crab species that pres-

ently supports a commercial 8shery in New Eng-
land. Althou.gh this species is reasonably abundant
and ranges from Nova Scotia to F!orida, relatively
little was known of its ecology and life history until
recent work by Sastry { 1970! . Nevertheless, in view
of rising consumer demand for various edible crus-
taceans, including lobsters, shrimp and certain crab
species, the possibilities of culturing this species on
a commercial scale have been a!nsidered. Several
economic criteria are not favorable, however. Kx-
vesse1 pri~ in 1987 were about $6.05 to @.12 per
pound, The market volume criterioa is unfavorable
unless cultured rock crab were able to compete with
kiag crab, which seems unlikely, Natural supplies
appear abundant, and no evidence of general re-
source depletion is reported.

Characteristics of the rock crab favorable for
commercial culture:

1. This species is tolerant of a wide range in
temperature, other than during its larval period
 Sastry, 1970!, and is available in inshore waters
during all seasons of the year,

2, The meat yield from the rock crab is equiva-
leat to that from the blue crab  Caltinectes sapidus!,
which supports a sizeable industry in the mid-Atlan-
tic and southern states, and the rock crab's flavor is
reportedly equivalent { Bees, 1989!.

3. This species is readily trapped or harvested
by trawl and is available c]oser to shore than its
commercial valuable relative of the PaciRc Coast,
the Dungeness crab  Cancer magister!.

4. Larvae may be reared at densities approximat-
ing two per milliliter of culture water  A. N. Sastry,
personal communication !,

Characteristics of the rock crab unfavorable for
commercial culture:

1. This species is carnivorous and cannibalistic.

The cost of feeding large numbers of crabs, held un-
der artiGcial or confined conditions, might approxi-
mate the market value of the animals themselves,
since appreciable losses as a result of cannibalism
can be expected.

2. There is large seasonal variation in the meat
yield of rock crabs. Even under the most favorable
conditions, however, 20 crabs are required to pro-
duce one pound of meat   Turner, 1953! .

3. Even if the taking of female crabs were per-
mitted by law � which it is not in the state of Massa-
chusetts � the female of this species is generally too
small to be processed, i.e. to have its meat removed,
eKciently, Therefore, even if it were technically
possible to culture large numbers of this species
through the larval period, only the males would be
worth retaining.

4. The growth rate of this species is unknown, or
at least has not been reported in the literature. If it
approximates that of the dosely related C, tnagister,
it can be assumed that, under natural conditions,
three years would be required for this species to
attain a size suitable for processing.

5. Although Turner { 1954! found that the adult
crab population of Boston Harbor was essentially
non-migratory, it is nonethe1ess a motile species
that would require some means of confmement if
cultured in nature.

In summary, the potential for culturing rock crabs
on a commercial basis does not appear to be signifi-
cant at this time, in part because of its carnivorous
habits, small size and incomplete knowledge con-
cerning cultural techniques. Certainly, more should
be learned of the life history and environmental
requirements of this species before any effort is
made to culture it on a couunercial basis. Moreover,
market price and volume criteria are not favorable
for its culture.

hfiscellaneous S pecies
A number of additional species have been sug-

gested for conunercial culture. 'A'e have found that
these species either are of relatively low price or
have certain other unfavorable charactedstics.

Therefore, profitable culture in New England would
appear highly unlikely, Induded in this category
are the alewife  Alosa pseudohcmrngus!, shad  Alosa
«qlfdtssirna!> Paci&c oyster  Cras8c78frea gsgas!, clam
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worm  Xxxarxthes nfrenr! and Irish sea moss  Chon-
drur crixrpux!.

Virtually nothing is known of the requirexnents of
the alewife and shad under culture, and their low
price woukd not justify culture efforts. As indicated
earlier, the Pacific oyster is unacceptable for the
half-shell trade due to its unpleasing flavor when
consumed raw and its coxnparatively coarse and
unattractive appearance in the shell. The claxn
worm enjoys a rather high price, but, as was found
to be true of the bloodwonn, it would br. rejected
by the market volume criterion. Finally, Irish sea
moss is not a species that is readily cultxxred: it is
harvested where or when it occurs. It too would be
rejected by the market voluxne criterion.

These and other rejected species may warrant
further research toward the eventual objective of
establishing a commercial industrv in New England,
However, an important objective of this study has
been to identify those species that appear to have
the greatest potenhal for commercial culture at
the present time. The drgrxu of additional research
necessary on their biology and environmental re-
quirements in captivity must be taken into consid-
eration.

Accepted Specfes

Several species or groups of species satisfy most
or all of thc criteria, but have not been selected for
further analysis in chapter 4. These include several
salmonid species and the European oyster. The
salxnonid species of interest include brook and rain-
bow trout, Atlantic salmon, red king  Chinook!
and silver  Coho! salmon. A commercial trout in-
dustry has existed in New England and elsewhere
for many years. The Atlantic salmon is unique in
that it is indigenous to New England and has an
extensive history of culhxre. We present a brief re-
view of Atlantic salmon in this section. Of the Pa-

cific salmon, the silver  Coho ! is the only one which
has a significant history of culture in New England.
We recognize that a culturist may choose xnore than
one of the salmonid species depending on circuxn-
stances of environment, prices and relative success
in their culture. In chapter 4, however, we confme
further analysis of salxnonids to the silver salmon
which is one of the better salmonid candidates for
aquaculture.

Atfarxtic Salmon  Salmo salar!

The Atlantic salmon, once so abundant as to have
becnused for fertilizer in this country, presently
occurs in only trace quantities in New England' s
river systems, and on/y in the state of Maine. Cur-
rently, annual production from these rivers seldom
exceeds 500 fish  Netboy, 1968!. The Atlantic sal-
mon is a valuable food species, when available, and
conxmands a high market price. Since it would fall
in the "luxury food" category and is obviously
adapted to the New England environment, its po-
tential for commercial culture is significant,

Characteristics of the Atlantic salmon favorable
for commercial culture;

l. Techniques for obtaining the eggs and rearing
the larvae and fry of this species under hatchery
conditions are established,

2. The Atlantic salmon has been found to be
highly responsive to temperature and salinity ma-
nipulations, By maintaining water temperatures
within a range of 9 to 19'C, Markus  l962! was
able to rear newly hatched fry to the sxnolt stage in
ten months. By manipulating both temperature and
salinity, Saunders  personal comnxunications! suc-
ceeded in rearing 35-gram fish to a weight of 456
grams in seven months and to 2,243 grams  roughly
five pounds! in 19 months.

3. This species has a high food conversion effi-
ciency. On a wet-wcight-to-wet-weight basis, Saun-
ders  personal communicationj has estimated an
efBciency of 25 to 30 percent. Using dxy foods, a
conversion of 1.5 to 2 appears typical for salmon in
Canadian hatcheries  IL Macdonald, personal com-
munication!.

4. The Atlantic salmon has been raised in captiv-
ity to a weight of five pounds at densities approxi-
mating one pound of fish per cubic foot of water.

5. This species lends itself to selective breeding,
and strains that grow significantly faster than wikd
stock have been developed  Dalziel and Shillington,
1961!,

6. Efforts to rear this species in commercial quan-
tities from fertilized egg to xnaxketable size under
totally captive conditions have already been initi-
ated, with indicatioxxs of eventual economic success
 Gunstrom, IRIDO!. In other words, the technology
presently exists for pxoducing aamxnenM quantities
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of Atlantic salmon under conditions subject to a
high degree of environxnental control.

Characteristics of the Atlantic salmon unfavorable
for commercial culture:

1, Synthetic dry foods employed at most salmon
hatcheries are expensive, ranging from 80.10 to
$0,40 pex pound depending upon the variety used.
Lindroth �963! has indicated that over one-third
the total operating costs of a hatchery in Sweden
resulted from purchase of food,

2. Although populatio~ densities in excess of one
pound of Bsh per cubic foot of water may be main-
tained, the water-in the absence of natural race-
ways � must be renewed at frequent intervals, i,e.
every one to two hours  B. Hawkins, personal com-
munications; Leitritz, 1960!. The cost of pumping
sufBcient water in a large-scale facility xnay be con-
siderable. Obviously, there are no pumping xxxsts in
natural raceways, but the ability to exercise control
over such environmental factors as temperature
may be sacriBced.

3, Disease control has always been a serious
problem in the rearing of BnBsh under high density
conditions, In an artiBcial environment, infectious
diseases xnay Bourish due to ease of transmission,
high water temperatures designed to accelerate the
growth rate, and dietary deBciencies  Sindermann,
1969!. Fish are also sensitive to such chemical fac-
tors as excessive nitrogen and either low or super-
saturated oxygen concentrations.

4. The Atlantic salxnon is regarded by many
biologists as the most difBcult of the salmon to rear
in captivity   J. Eagleton, personal communication!.

In summary, the Atlantic salmon has considerable
potential for commercial culture in New England,
largely because it is a species of high market value-
in excess of $0.70 per pound � that has proven adapt-
able to intensive culture. We have chosen to regard
Atlantic salmon as an alternate to the silver salxnon
in view of its similar environmental ~uirements
and xnarkets. We recognize that a culturist may
choose to culture either or both, depending on mar-
ket conditions and relative success in culturing the
two. Scientists who have cultxxred Atlantic salmon
have indicated that it is one of the most dilBcult of
the salmon to rear, In chapter 4 we, therefore, focus
further analysis of salmonids on the silver salmon.

Euro pean Oyster  Ostrea educ!
European oyster  Oatrea edulia! was ixo-

ported into this country from Holland in 1949 for
the purpose of establishing an oyster industry in
Maine  Loosanoff, 1962!. This species spawns at
lower temperatures than does the American oyster,
Crassoatrea cirgixxica. and therefore was thought to
be more likely to self-propagate in northern New
England. Since its introduction, it has succeeded in
reproducing natuxaBy both in New England wa-
ters and on the PaciBc Coast where it was later in-
troduced  Loosanoff et al, 1966!. Since this species
is prized for the half-shell trade and may command
an even higher price than C. cirgixxica in certain
markets � as on the PaciBc Coast  Matthiessen,
1970! � it would appear to offer an economic incen-
tive for commercial culture,

Characteristics of the European oyster favorable
for commercial culture:

l. As mentioned above, this species will noxmally
reproduce at temperatxxres cxxnsidexably lower than
those required for reproducing C, oirgixxfca, Imai
�967! reports that spawning may occur at tem-
peratures as low as 15'C, whereas C. cirgirxicxx
rarely spawns at temperatures below 20'C. This
species would, therefore, provide greater Bexibility
in its culture in various regions of New Enghmd.

2. Conventional hatchery techniques have been
employed successfully in the rearing of this species
under contxolled conditions  Breese, 1969; Imai,
1967; Loosanoff and Davis, 1963; Walne, 1956!.

3. The larvae of this species are tolerant of a wide
temperature range, being capable of growing satis-
factorily and metamorphosing at texnperatuxes
xanging from 17.5'C to 30 C  Davis and Cala-
brese, 1969!. These authors report that satisfactory
growth of the larvae of C, oirginica is possible only
at temperatures above 22.5 C.

4. This species is a Ster-feeder with nutritional
requirements readily satisBed in the natural envi-
ronment

5, This species is adaptable to intensive culture.
When grown in Boating trays, it may be cultured
to maturity at densities approxixnating 100 oysters
per square yard  Belknap, personal coxnmunica-
tion!. Moreover, its growth rate is rapid, and mar-
ketable size may be attained in a period of two
years.
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Characteristics of tbe European oyster unfavor-
able for culture:

1. Despite the fact that this species has repro-
duced naturally in northern New England, success-
ful "sets have been sporadic from year to year. It
appears probable that a viable commercial operation
would have to depend at least in part upon supple-
mentary reproduction through hatchery methods
if its supply is to be assured.

2. Controlled reproduction of this species has
met with inconsistent results  Walne, 1956!, and
inducement of spawning in the laboratory report-
edly may be difBcult  Loosanoff and Davis, 1963!.

3. As is true of other bivaIve mollusks, this spe-
cies may be subject to heavy predation by enemies,
most particularly star6sh and oyster drills, in the
natural environment. Adequate methods of predator
control would be a necessity in any bottom culture
operation.

Species Selected for More Intensive Analysis
By the processes of elimination described above,

involving apphcation of technical and economic
criteria, the following species emerge as the most
suitable for commercial culture in New England at
this time:

 C rassostrea oirginica!
 Mercerraria merce rraria!
 Aeqrripecten irradiarrs!
 Orrcorhyrrehrrs khrAch!
 Hornarus aorerioarrrrs!

Eastern oyster
Hard clam

Bay scallop
Silver salmon
American lobster

In summary, the European oyster has certain
characteristics favorable for commercial culture in
New England. Certainly its ability to reproduce
naturally and thrive in waters of relatively low tern-
perahrre offers an important advantage over many
species, However, hatcheries might well prove nec-
essary for sustained production. The costs and tech-
nical difBculties inherent in hatchery operations
must be recognized, We have chosen to regard the
European oyster as an alternate to the eastern oyster
in view of its similar environmental requirements
and markets. We recognize that a culturist may
choose to culture either or both depending on mar-
ket conditions and relative success in culturing the
two. In Chapter 4 we focus further analysis of oys-
ters on the eastern oyster.

We have not mcluded the application of criteria
to these species in this section because the discus-
sion in chapter 4 will be adequate and needless
repetition will be avoided. It is emphasized that
technological as well as economic developments
could alter this list. At the present time, however,
these 6ve are among the better species and warrant
greater consideration than others for pubhc research
and private investment.

in addition, an aquaculturist might wish to ex-
periment with certain other species with snnilar
cultural requirements, For example, Paci6c and
European oysters might be considered in conjunc-
tion with eastern oysters; the former because of its
rapid growth rate; the latter because of its high
price and tolerance of low temperatures. Simrlarly,
while silver salmon is selected for further analysis, a
culturist might choose to experiment with Chinook
and/or Atlantic salmon.

Mrritiple Species Systems
It may prove desirable to culture more than one

species in an aquacultural system, If two or more
species have symbiotic relationships under culture,
then culture of the two may result in lower costs
than if either is produced separately. Similarly, if
species are non-competitive in their spatial, environ-
mental, labor or food requirements, greater efB-
ciency in use of labor and/or plant capacity may be
possible by joint culture. Many pathogenic organ-
isms in nature are host speci8c and occur in epi-
demics, the frequency of which increases with spa-
tial density of the host species. Should such
organisms be a problem in aquaculture, joint pro-
duction of species might reduce disease incidence
without reducing the physical productivity of a
given aquacultural system.

Oysters produce a considerable volume of or-
ganic wastes which might prove a suitable cultural
medium for sandworms. Although rejected as a
species on which to base signi6cant aquacultural in-
dustry, tbe sandworm might well be considered as
a complementary product in the production of
oysters. Similarly, the waste efHuents from sahnonid
rearing are high in nitrogenous compounds which
might stimulate algal growth for oyster culture, In
sales, an aquaculturist may well 6nd customers more
receptive if more than one species can be supplied.
Such cornplementarity in sales reinforces the case



for multiple species systems or horizontal integra-
tion with other supphes of food Hsh to obtain sup-
plies of several species.

These considerations are hypothetical, however,
and we can Hnd no germane literature to support
the hvpothesis that mixed systems are more proHt-
able than single species systems. Consequently, we
have somewhat reluctantly abandoned the concept
of mixed systems at the present time. Future re-
search may yield results which warrant further con-
sideration of the concept, As an alternative, an
aquaculturist may choose to explore the concept
in experinrental efforts ancillary to production in a
single species system.

A related, but distinct, topic concerns the possi-

bility of complementarity between domestic waste
eHluents and culture of Biter feeders such as oysters.
The extra-market costs of discharging these efHu-
ents have been largely ignored by the public agen-
ries in order that monetary costs to taxpayers be
rninirnized. This attitude is increasingly criticized
by a concerned public, It may prove possible to use
aquaculture in this context to help solve an environ-
mental problem; however, it may be necessary to
develop public/private est sharing mechanisms to
do so. Moreover, it should be recognized that most
systems for disposal of domestic wastes have little
or no control over Huctuations in the components of
their efHuents. Such Huctuations could be incom-
patible with successful aquaculture.
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4. Analysis of Selected Species

The American Oyster  Crass ostrea vi rgi nfca!
Supply and Demand

Supply. Approximately 85 percent of the total
U,S, o~ landings are eastern oysters. In recent
years, eastern oyster landings have ranged from 45
miHion to 50 miHion pounds, meat weight, valued
at $25 million to gO miHion.

Forty-Rve to fifty percent of eastern oyster land-
ings are from the Chesapeake region, slightly less
originate in the Gulf of Mexico  Louisiana! and
tbe remaining two to three percent are from other
regions Including New England.

The average range in market value is +55 to
+.80 per pound, meat weight; Gulf oysters average
less than @.40 per pound and Chesapeake oysters
average over 56.65 per pound. However, New Eng-
land oysters, amounting to less than one percent of
total landings, have been valued at more than $2 00
per pound. New England and New York oysters
have high meat and shell quality, and this quality
enables them to command the high prices in North-
east metropolitan markets. These oysters are mar-
keted for the half-sheH trade" which is higher
priced than the shucked oyster trade.

Although 13 percent of the total bottom areas
currently producing oysters are privateiy controHed,
they produce 50 percent of the oysters marketed
 WaHace and Lunz, 1968!. Thus both quantity
and quality of oysters have been signi8cantly in-
creased by the intervention of man. These results,
in addition to the prerniurn prices paid for a quality
product in nearby metropolitan areas, augur weH
for the culturing of eastern oysters.

If an average value of $0.80 per pound is used,
about 1.7 miHion pounds in additional production-
a four percent increase in domestic supplies � would
be required to generate gross sales of $1 million.
This price is conservative in that it reflects the
shucked oyster trade rather than the higher priced
half-sheH trade. Thus, if increased production is
profitable at 80.80 per pound, there should be bttle
difhculty in developing markets.

There is a wide discrepancy between current and
historical supplies, In 1910 New England produc-
tion was 2.8 X 10 pounds, or about that of the entire
United States in recent years By 1%1 New England
production had declined to 1.91 X l y' pounds, or
about seven percent of 1910 levels. From 1951 to

1967, production continued to decline, but since
1967, a remarkable recovery has occurred   MacKen-
zie, 1970!. Somewhat less precipitous declines have
occurred in oyster production by Middle Atlantic
states. The causes of these declines were reviewed
by Matthiessen �970! in his Reoiero of Oyster
Culture and tAe Oyster Industry in North America
and included: poor sets, misuse of sborelme areas,
predation and adverse weather. Another factor in-
volved is public/private control of oyster beds.
Management of public beds has traditionally been
negligible, except for restrictions on time of harvest,
harvesting technology and the catch itself. VirtuaHy
no inputs have been supplied, a factor believed
by experts to be especially important because fail-
ure to return sheH results in depletion of the cultch
on which new sets are dependent. Predator control
has also been absent for public beds.

The intensity of management received by the
better private beds  see State of the Art and Pro-
duction Costs ! results in Bvefold to tenfold produc-
tivity increases. The potential of closed system
"factory" production has been explored by Goodrich
et al   1988! in an engineering feasibility study, but
opinions are mixed on the relative advantages of
better management of natural areas as opposed to
intensive culture "factory" methods of production.
Two things are clear regarding technology:  I!
technology exists, or is on the horixon, which wiH
permit considerable expansion in supplies, and �!
the technology possessed by private industry is
more advanced than is generaHy availaMe in the
hterature, but is often proprietary.

This knowledge could be more widely used in
commerciaI production were it not for the problem
of property rights. A prerequisite of intensive man-
agement by private industry is the existence of ade-
quate property rights, It is no coincidence that the
Long Island Sound/Connecticut coast area is tbe
center of private production and the area in which
the most sophisticated management practices are
to be found, IIistorical lease rights are found in that
area. Assuming that property rights can be pro-
vided, it appears likely that increased production
can be effected by private enterprise with the cur-
rent technology and state of the art

Demand. Several studies exist which discuss in
whole or in part the demand for oysters. These in-
dude Working Papers Nos. IO and 50 by the De-



partment of the Interior, Bureau of Commercial
Fisheries, and studies by Sutton and Corrigan
�970! and Purcell and Raunikar �968!.'

An analysis of the annual U.S. landings of fresh
and frozen oysters  AVorking Paper No. 10, pp.
15-18! indicates that per capita consumption of
oysters is signi6cantly affected by the price of sub-
stitutes  clams and scallops !, but the effect of oyster
prices on per capita consumption is not statishcally
signi6cant. Purcell and Raunikar, however, found
a signi6cant oyster price effect. Income elasticity
was found to be negative   Working Paper No. 10!.
This 6nding is somewhat suspect, however, in view
of the strong secular decline in availablc supplies.
Suttor �970! founrl a signi6cant positive relation-
ship between ex-vessel price, de6ated by consumer
price index, to Chesapeake Bay oystermen, and real
per capita disposable income. Data in Working
Paper Yo. 50 indicate  p. 2! no consistent varia-
tion pattern in pcr capita consumption and per cap-
ita income. Iiowever, the income ranges chosen are
rather narrow  from $1 to $3500 with a $350G+
category!. Purcell and Raunikar provide  p, 29!
the weighted average expenditures per quarter by
an Atlanta consumer panel.   Sec table 4-1. !

The data in this table indicate a low, but positive,
income elasticity of demand for fresh and frozen
oysters. Furthermore, income elasticity appears to
increase with income, It has been contended by
many persons in our conversations that the cause
of decline in per capita demand has been a short-
age of supphes and gradual loss of consumer aware-
ness of oysters. The preceding da.ta on income elas-
ticities are consistent with this contention. The posi-
tive income elasticity of demand would indicate
that oysters are not an inferior good in consumers'
minds and that the cause of decline in consumption
Hes elsewhere. The availability of supplies is one
possibihty. It is possible that fear of oyster-home
diseases may have been a contributing factor. It is
difficult to con6rrn or deny this possibility, how-
ever. This factor, if it exists, may be overcome by
strict quality standards and brand name promotion,
Positive income elasticity of demand is encxruraging
for the prospects of increasing detnand, but ezten-

' The Bureau of Corrrrnereial Fisheries has bees supplarrted
by the hratio¹al Manrre Fisheries Sereice, Departme¹t of
Coms¹erce,

Table 4-1. Quarter!y expenditures on oysters; rtoHars per
! .~! !a.

~ per  I¹arter per Hooey&
Sorcorrre Ebetidty!'

Erreame Revet

0.29
.14!

2000
 Ej!

0.28
  .21!

0.83
  .05!

4000
 Er!

0.33
  W!

0,08
  .12!  X9!

6000
 Ej!

0.39
  .23!

0.37
  .32!

0.79
  .17!

8000
 E,!

0.42
  .29!

0.4 l
  .37!

0.74
  .16!

0.77
  M!

0.81

10000
 E>!

0.45
  .33!   .45!

0.48 0.48

' fscanre elasticit es roere computed for the abooe table
ar the ratio of percestrrge changes in rrxpendttures fo per-
centage income change.

' Includes oysters co¹sur¹ed i¹ ether product forms:
cusnc4 stoa: a¹d bisrtrre,

sive product promotion will probably be necessary
if projected supply increases are to be absorbed
without large price decreases.

Purcell and Haunikar also studied variations in

consumption patterns by race, season and family size.
They found consumption of oysters to be signi6-
cantly higher for white households than for non-
white households. This is the reverse of the Bndings
reported in Working Paper Vo. 50. The divergence
of 6ndings may reHect distinctly differerrt  xrnsump-
tion patterns in the South Atlantic states where per
capita consumption of oysters is two to three times
higher than in most other regions of the country.
A comparative study of marketing patterns and
methods in the South Atlantic states should reveal

information useful for promotion elsewhere in the
country.

The two researchers found signi6cantiy higher
expenditures on oysters in spring and summer. How-
ever, due to the methodology used, it is not possible
to separate these consumption increases into supply
and demand components. The per-capita quantity
purchased increased with household size and was
greatly influenced by the number of family mem-



hers of age 18 or less, Per crapita ex ditures in
«l~ te~ «ach«a max inurn f or thre persoi92

and exPenditures were 0, 76 funds an d g!. g7 for
three-person households,

State of the Art
Methods for culturing the A merican oyster on a

commercial scale have been explorrd extensively,
particularly during the psst decade, and certain
techniques developed by vari wus investigators and
private culturists in North America havr been re-
cency reviewed   Matthiessen, 1970!. Since the
various methods employed re8ect to a degn~ local
environmental and economic aonsiderations, the fol-
lowing discussion will f~ primarily upon tech-
niques most directly applicable to the New Kn g-
land region,

ReproducHon. The mast detailed and comprehen-
sive worlt. on oyster culture unde.r ccintmlled condi-
tions has been accomplished at the National Marine
Fisheries Service Biological I al~iratory in Milhird,
Connecticut, and this has been revirwed in detail by
Loosanof and Davis   1963 ! . In general, tecliniques
for inducing oysters to rcp rrsducx that have bren
adopted by various research gas<ps and private
culturists are patterned after pnicedures developed
at Milford.

The basic procedures are strmmarized as follows:
Adult oysters are conditioned for spawning

by manipulating the water temperature in the
holding tank in such a way ~s to an" lerate the
process of garnetogc»ceis.   Conversely, ripened
adults may be prevents from spawning, if this
is desired by maintaining temperatiires below
18oC ! Depending upon the nature uf the water
supply and the particu1a r hatchery regime, the
adults may or mav no t
during the conditio~g Pro~ ss

sus nsions of oyster ganretes added to the
spawning trays may

av ~@ger the spawning reac-
tion.!  Matthiessen, 197+ ~

Although oysters which have np ncd nasally,

in the natural environment, may by early surn-
mer be induced to spawn reasonably easily in the
hatchery simply by thermal manipulation, the ob-
jective of most commercial operations has been to
assure reproduction throughout a good portion of

year. Ili Hle late winter or spring, oysters that
are npt ripe must be further conditioned by ~-
cial means. In late summer or fall, after the normal
spawning season, oysters must be reconditioned by
similar means, or alternatively ripe adults must be
held at temperatures just below that level required
for spawning, i.e�approximately 20 C,

Some investigators have obtained their best re-
sults by subjecting the oysters to a relatively rapid
and steady increase in temperature and by provid-
ing large volumes of food during this period, Mat-
thiessen and Toner   1966 !, working in Massachu-
setts, found that oysters collected from nature m
January, when water temperatures approximated
1'C, could be induced to spawn proliBcally as a
result of the following procedures;  a! The oysters
were held in trays through which seawater circu-
lated at an approxiinate rate of 48 liters per oyster
pc'r day.   b ! Water temperature was increased
daily by 1 'C until it reached 28'C.  c j egal food
 Cyclotefh sana, Skeletonemu costatum, and either
Monochtysis tatheri or Isochrysis galbana! was
added at a rate of approximately 10" ceHs per oys-
ter per dav.

Under this regime, satisf actory spawning, initi-
«ed by a floa! temperature rise to 30'C, took place
appr ox irn ately 35 days after the oysters were
brought into the laboratory These investigators
believed that the procedure could be hastened by
ele»t' g the temperature at the rate of 2'C per day.

Hidu et al   196g!, working in Maryland, induced
~«rs to spawn throughput much of the year by
means of thermal manipulation only; provision of
supplementary cultured food was found unneces-

the early part pf the season, the ~ters
were held iri runmng seawater, at a temperature
of ~'C for a period pf six weeks. At the end of this
p n~ + y were conditioned for spa mig.

Rearj<~~ of Lriruoe. The procedure for rearing
yster larvae to the setting stage, or metamorphosis,

depends upon a supply of warm seawater free of
materials, pathogens and predators, and upon

ad luste anuounts of suitable algal food. Methods
of sa~ g these criteria vary considerably among



various oyster research and production facilities;
these have been summarized as foHows:

The  oyster! eggs, once fertilized, are passed
through fme sieves to remove unwanted debris,
and held in sea water at temperatures of 25 to
30 C, Depending upon the hatchery, this water
is usually pre-61tered, and may be treated with
antibiotics and exposed to ultra-violet light
prior to use, ln short, every effort is made to
eliminate potential predators, competitors and
pathogenic organisms,

Within 24 to 48 bours, the eggs have developed
into motile larvae; these are generally trans-
ferred to larger tanks �00 gallons or more in
capacity! and held at specific densities, Again
depending upon the paxticular hatchery, larval
densities may vary fxom 15 larvae per xmHiliter
of culture water to one larva per two or three
milliliters; water temperature may vary from 25
to 30"C, and the water may be changed daily,
every other day, or less frequently. Tbe dura-
tion of the larval period may vary from 10 to
20 days, depending upon temperature, popula-
tion density, and abundance and quality of
food.

Larval food, in the form of uniceHular algae, Is
usually pxovided daily. The type of algal food
culture, the method by which it is cultured, and
the amount fed to the larvae vary froxn hatch-
ery to hatchery. The favored larval food in
certain hatcheries are the small naked aagel-
lates Monochrysis lutheri and Isochrysis gol-
bare, maintained in lixnited-volume unialgal
cultures under generally aseptic conditions. Al-
ternatively, cultures of mixed and unidentified
species may be maintained by ciaxifying raw
seawater by means of centrifuge, thereby re-
moving algal predators and competitors, and
obtaining planktonic "blooms by exposure to
sunlight and by addition of inorganic nutxients,
FinaHy, certain hatchery operations have been
successful without providing supplementary
food; raw seawater is simply passed thxough a
Ster of suitable porosity to remove predators
and introduced directly into the larval tanks.

When the larvae attain 'setting' size, i,e., when
mehunorpbosis from the motile larval form into

the sedentaxy adult form is initiated, they are
transferred to setting tanks. The tanks typicaHy
are provided with a layer of oyster shell to
which the young oysters attach during meta-
morphosis.  Recently, methods have been de-
veloped whereby the metamorphosing oysters
are not aHowed to become permanently at-
tached tow substratum, but rather are cultured
as single, non-attached oystexs.!  Matthiessen,
1970. !

Under this general procedure, private commercial
hatcheries on both the Atlantic and Pacific ooasts
are presently capable of producing considerable
numbers of juvenile oysters each year. Some of the
techniques developed by private industry appar-
ently are patentable, and specific procedures em-
ployed by certain hatcheries have not been dis-
closed.

Although the rearing of large numbers of oyster
larvae through xnetamorphosis appears to present no
major technical difhculties, periodic, heavy, and, in
some cases, unexplainable mortalities have occurred.
These have been attributed to seasonal incorpora-
tion of toxic substances into the seawater supply
system, but such substances have not always been
defnxed with certainty, Davis �989! states that

Survival and growth of oyster larvae can be
drasticaHy reduced by certain metaHic salts,
insecticides, berbicides, detergents, silt, and
even by metabobtes of certain natural phyto-
plankton blooms. Hatcheries must be cautious
of locating in areas of heavy domestic or indus-
trial poHution or heavy runoff from intensively
pesticide-treated areas, and areas where in-
tensive, possibly toxic natural blooms occur
regularly,

The larvae of this species are considerably more
tolerant of reduced salinities than the larvae of
either the hard dam  Wfercereria mercenarirx! or
bay scaUop  Aequipecten irradiens!, According to
Davis �969!, an oyster hatchery could be 1ocated
anywhere that the salinity xenuuned about Ã.5
o/oo. He has reared larvae to metamorphosis at
sahnities lower than this. The pH of the water
should be kept between 6.75 and 8.75  Calabrese
and Davis, 1966!.

Davis �989! has enxphasized the need for ex-



treme cleanliness in the rearing of oyster larvae,
citing the fact that the larval and setting tanks in
commercial hatcheries are carefully scmbbed with
Chlorox and Alconox at each water change to pre-
vent or reduce bacterial contamination.

Rearing of Juoeniles. The post-larval  juvenile!
oyster, after completing metamorphosis in the
hatchery, is usually transferred to the natural en-
vironment as soon as ambient water temperatures
are high enough to permit growth and to assure a
high percentage of survival. Then there is no need
to culture the large volumes of food required for
rapid growth.

Matthiessen and Toner �968! found that, in or-
der to sustain a weekly shell growth increment of
two to three millimeters among oysters initially
averaging 15 rnillimeters in shell height, 8 >< 10"
algal food cells were required for each oyster per
day, Roughly four weeks were required for newly
set oysters to attain a shell height of five millirneters
when fed at a rate of 3 >  10' cells per day. Good-
rich et al �968! have estimated that an oyster ap-
proaching three inches in size would require IP
food cells each day for sustained growth, Clearly,
the daily food requirements of large numbers of
oysters approaching market size are enormous; it is
exceedingly doubtful that such quantities of food
could be cultured on an economical basis, As Davis
�969! points out, "It seems much more practical, at
present, once the spat have been obtained, to aUow
the gro~ing oyster to harvest its food from the sea
than to grow the enormous quantity of the phyto-
plankton necessary to feed the oyster from seed to
market size,"

Ukeles   1965! has described a method of cultur-
ing large volumes of algae in outdoor tanks,
wherrby the cost of providing artificial illumination
to promote photosynthesis would be eliminated. In
this method, artiflcia] seawater is used as the culture
medium to reduce chances of contamination of the
cultures. In ~Vew England, this approach might be
limited by seasonal variations in both temperature
and sunlight. If employed on a commercial scale,
the cost of the artificial seawater might be substan-
tial.

Claus and Adler   l970!, in seeking an alternative
for algal food for oysters, have described the use of
specially treated living rcd blood cells as food.
Their results indicate highly favorable rates of

growth, comparable to those obtained by control
groups reared on an algal diet. This experiment
lasted for a period of onl> eight weeks, and, there-
fore, its application to a Large-scale production facil-
ity has not hccn fully demonstrated, It nevertheless
represents an interesting possibility for reducing
food production costs, sincr the blood is a waste
product of slaughter houses. Reportedly, after in-
expensive treatment, the blood max bc readily
stored under refrigeration.

A recent attempt has also hccn made to culture
juvenile oysters to maturity in artificial growth
chambers, in which the requirements for food, oxy-
gen and waste removal are satisfied by a continual
flow of untreated seasvater  Johnson et al, 1968!.
The primary advantage of this system is the high
survival rate of the oysters resulting from the elirnt-
nation of natural predators. The practical aspects of
expanding this system to a commercial operation
have not been fully tested at this time, although
pumping and maintenance costs, e,g., control of
fouling and oyster waste removal, must be consid-
ered,

F oorf. Methods for culturing algal food for oysters
have been summarized by Goodrich et al �968!. As
discussed in detail by Davis and Guillard �958!,
the followmg generalizations regarding algal foods
can be made:  I! The food cells should be small,
preferably less than 15 microns in size; �j Algae
with hcavy cellular walLs, such as Chlorella, do not
appear to be readily assimilated by oysters; �!
Oyster larvae, particularly in their early stages, ap-
pear to thrive best on a diet of naked flageltates
rather than of diatoms, and �! Certain algal forms,
including Chloreffa and Pryrnnesfam,, may produce
metabolites that arc toxic to oysters, particularly to
the larvae.

Initially, many of the commercial oyster hatch-
eries in the Long Island Sound area obtained food
simply by clarifying seawater by means of centri-
fuge to remove zooplankton, large algae and detri-
tus and allow the small phytoplankton remaining in
the clarifi water to bloom by exposure to light,
According to Davis �960!, most hatcheries now'
maintain certain species under culture as well, in
order to insure suitcient food at all seasons. In any
event, provision of sufftcient food for larvae does not
appear to be a problem, since their daily food re-
quirements are relatively low.



Table 4-2. Daily food requirements of oysters.

larva � days old!
larva �2-15 days old!
larva  setting size!
spat
s~at � weeks old!
qpat  8 weeks old!
seed oyster
aduh oyster � inches!

1 x 10'
2X 1 V
Sx 10'
2x 10'
3X 1 P

2.4 x l P
8 X 10r

Id X 1F

Claus and Adler �970! have given figures on
daily food requirements of oysters at diKerent stages
of development; these are summarized in table 4-2.

It is evident from the data in table 4-2 that sus-
taining the rapid growth of oysters approaching
ruarketable size requires such large volumes of food
as to cast doubt on the practicality of culturing al-
gae for this purpose. Although some investigators
have found that thc quality of oyster meats may be
substantiaHy improved by providing oysters with
certain cereals in fme particulate or coHoidal form
 Haven, 1965; Dunathan et al, 1969!, successful
rearing of oysters from spat to marketable size on
such a diet has not been reported. It is possible that
the use of treated blood ceHs, as described by Claus
and Adler  l970!, may be of practical value, al-
though its feasibility on a commercial scale awaits
further investigation.

Major Technical Prabkrrns. The major technical
problem in culturing oysters under controHed condi-
tions is the provision of adequate amounts of suit-
able food from the post-larval to adult stage. As-
suming a dense algal culture to contain Mr cells
per milliliter, or approximately 4 >  10' cells per
gallon, one gaHon of food would satisfy the daily
requirements of only 40 rapidly growing oysters that
were approaching marketable size.

If the oysters are to be fed simply by pumping
untreated seawater through tbe tanks, and it is
assumed that each gallon of seawater cxrntains 4 > 
10' food celh, each mature oyster would require
25 gaHons of water each day in order to sustain
rapid growth.

Caltrsre in tire Xatural Enoi ronmertt. Commercial
oyster operations today rely heavi!y upon the nat-
ural environment for maturation of their crop and,
to a large extent, for their supply of seed oysters.
According to MacKenzie �970!, there are presently

five oyster hatcheries operating in tbe Long Island
Sound area, with a sixth under construction. These
hatcheries have been eKectively used to assure a
more predictable supply of seed oysters each year,
as weH as to develop desirable genetic strains. They
also have been employed as a means of acquiring
"cultchless" oysters that, grown as singles, may have
improved shape and quality and may reduce the
labor in cuHing, However, the great percentage of
oysters that are harvested from this area today
derive from natural sets  J. R. Nelson, personal
communication!, suggesting that such st, al-
though irregular in occurrence, dwarf hatchery pro-
duction in terms of volume.

Although oysters reproduce reasonably reliably in
certain areas of Maine, New Hampshire and north-
ern Massachusetts, local reproduction has not been
sufficient to sustain an industry of much magni-
tude. Even from Cape Cod southward, where tbe
New England oyster industry is centered for the
most part, there are few areas where natural repro-
duction presently occurs on a thoroughly reliable
basis. This is why oyster hatcheries were established
in tbe Long Island Sound region during tbe past
decade. Although such hatcheries offer great op-
portunity for development of improved oyster
strains as weH as provide the means for producing
single, cultchless oysters, they are expensive to
construct and to operate, Moreover, a certain tech-
nical proficiency is required. Obviously, if natural
sets could be obtained regularly, the commercial
importance of hatcheries would be diminished,

Tbe opinion has been expressed  C. MacKenzie,
personal communication ! that a considerably
greater volume of seed could be obtained through
natural reproduction, at least in the Long Island
Sound area, if certain management techniques were
practiced. These would include removal of preda-
tors and silt from setting areas, careful monitoring
of the larvae, spreading of dock-dried sheHs
 cultch! on the beds at the appropriate time, and
systematic control of predators once setting has
OcclllIed.

Certain of these practices would not be required
if suspension techniques were employed. One pri-
vate firm in New England, ranking use of a brack-
ish pond heavily populated with oysters, has ob-
tained intensive sets during eight of tbe past nine
years by suspending strings of sheH from rafts at



the appropriate tixne. The seed oysters then were
sold to private growers, who spread them upon
their growing beds. Since the oysters, while in the
pond, are never in contact with the bottom, xneth-
ods for rexnoving bottom-crawling predators or
avoiding siltation are not required, The shells used
for cultch are dry and clean, and the occurrence of
larvae is carefully monitored.

Nevertheless, areas in New England where set-
ting always occurs in significant quantity on an
annual basis, particularly north of Cape Cod, are
believed to be rare. Unless a private grower has
access to such an area, it would seexn that a hatch-
ery facility would be required, at least on a stand-by
basis, for some production during poor setting yeats.

MacKenzie �970! has stated that oyster produc-
tion has increased more than tenfold in Long Is-
land Sound, off Connecticut, since 1966. He has
attributed this draxnatic change to vastly ixnproved
predator control practices and to the movement of
seed oysters away from heavily silted areas at the
appropriate time of the year, The use of lime
 CaO!, at a rate of up to 2,000 pounds per acre,
has reduced seed oyster xnortality from starfish
predation to 5 to 10 percent. Oyster drills have been
controlled by suction dredge or application of a
hydrocarbon compound, with similar reductions in
mortality. The growers have greatly reduced mor-
talities from siltation by moving the young oysters
early in the year, before warming water tcxnpera-
tures stimulate puxnping activity. MacKenzie
�970! estimates that, whereas in previous years
one bushel of seed oysters could be expected to
yield one bushel of market-sized oysters, the cur-
rent yields xnay be in excess of ten bushels of adults
per bushel of seed,

These facts suggest that, if oyster beds are xnan-
agcd properly, losses from predation and siltation
may be insigni6cant. Alternatively, it is possible to
employ suspension techniques whereby these prob-
lems nx cd not be considered.

Oysters have been cultured by suspension from
rafts, on a somewhat lixnited scale in New England
 Shasv, 1968; Matthiessen, 1970!. The usefulness of
this approach, however, may be severely lixnited in
many areas by moving ice, storms and boat trafBc.

One private concern has adopted the use of un-
derwater racks, which are free of surface hazards,
but nevertheless maintain the oysters in suspension-

above the bottom. In addition to the costs of rack
construction and handling, additional expenses are
incurred in the construction «nd handling of shell
strings suspended froxn the racks themselves. It is
believed, however, that these additional costs will
be compensated for by ehxnination of the need for
predator control and avoidance of siltation, as well
as by improved grovvth rates and possibly higher
oyster quality,

Production Costs

Cxxlture in a Controlled Exxeironment. Goodrich
et al �968! have synthesized costs for a hypotheti-
cal rnamxfacturing plant for rearing oysters, Tbe
production subsystexns are generally applicable to
bivalve mollusks. The plant would produce 200,000
bushels per production cycle. Their published study
is detailed and coxnprehensive. Several systems
were included in their plant: �! an algal culture
system, �! a hatchery system, �! a growing tank
system, and �! a watex supply system. Each of
these included one or more subsystems and/or al-
ternatives, The water supply system, for example,
included alternative water sources and subsystems
for recycling water and for waste disposal. Costs
were synthesized for each component of each sub-
system and alternative, and these were then used in
a cost analysis of critical paraxneters, Production
costs were estimated to range from $8.50 per bushel
to $72.00 per bushel. The wide range reflects the
range of alternatives and subsystems analyzed,
which in turn reflects the uncertainties that surround
the critical paraxneters.

The critical parameters determining feasibility
svere found to be  I! water requirements for post-
larval stages, �! food requirements, �! stocking
density per umt voluxne of growing tank, and �!
growth rates  time required to reach market size!.
Thc ratio of maxixnuxn to minimum flow require-
xnents explored was 36, while the ratio of maximum
to minimum food requirements explored was ap-
proximately S.

The ixnportance of food costs is supported by
other commercial hatchery uperatoxs. E, Fordham
 personal communication! has estimated a produc-
tion cost of $0,02 per gallon of cultured algal
food. Half of this cost covers labor expense; the
other half covers operating expenses such as heat,
light, nutrients, etc. At consumption rates mcn-



tioned in the bio-technical discussion, this implies
a daily cost for algal culture of about 5 >  10-a
cents per bushel per day,

If unenriched seawater containing 4 !< 10' food
cells per day were pumped through growing tanks,
about 25 gallons per oyster per day would be
needed. Electrical costs for large volume �,0 X
I0' gpm! irrigation pumps are about $3.00 per
day. On this basis, approximately 100,000 mature
cysters, or about 350 bushels, could be reared
at a cost of less than $0.01 per bushel per day,
pumping costs only, Assuming a six-month growing
season, and further assuming that three years would
be required for the oyster to reach minimum market
size after setting, it is roughly estimated that the
pumping cost for raising oysters to maturity in this
manner would approximate $0.01 per oyster. This
would not indude the cost of land, equipment, con-
struction and maintenance, Therefore, although this
approach might be considerably more economical
than attempting to culture food, it would neverthe-
less incur expenses that would be avoided by allow-
ing oysters to grow in a completely natural envi-
ronment

The ratio of maximum to minimum stocking den-
sities in the Goodrich study was 12, The ratio of
maximum to minimum growth rates was two. It was
concluded that more fundamental data are needed
from which accurate designs can be generated.

Six recommendations were made based on the
cost analysis: �! study and evaluate means of
controlling the sex process; �! establish process
conditions required for minimum practical growing
period; �! deBne thc effect on growth rate of wa-
ter Bow, temperature, and type and amount of
food; �! evaluate various conceptual designs for
varying stocking density per unit volume; �!
further study continuous algal culture if algal food
is required beyond seed size, and �! study market
potential and include an appraisal of the future
cost and prices to that of oysters produced by tradi-
tional means.

We conclude that at the present time culture in
a controlled environment is of questionable eco-
nornic feasibility for oysters, clams or bay scallops.

Culture in the natural Environment, Several Brms
in the Long Island Sound area off Connecticut are
culturing oysters, using what may bc characterized
as extensive techniques. Considerable invesbnent

in environmental and prelator control has been
made at various stages of the life cycle, In contrast,
there are no cultural pracbces on public beds, The
level of investment per unit of product appears less
than in the intensive system synthesized by Good-
rich. The small number of Brms and the proprietary
knowledge involved preclude release of realistic
production cost estimates. Conversations with in-
dividuals in the industry and with state personnel
suggest. that proBtable production is possible on
leased beds using modern predator control meth-
ods and efBcient harvesting tedmologv and making
seasonal transplants of seed oysters. Furthermore,
the persons interviewed seemed to believe that pro-
duction can at the present time be done more
cheaply by extensive culture than hy intensive cul-
ture systems.

A prerequisite of such a system is a lease tenure
of reasonable duration. Present production is done
on long-term leases and grants; the latter were
granted in perpetuity prior to 1915. While perpetu-
ity may be unnecessarily long, a period of several
production cycles would bc necessary to warrant
capital investment.

In summary, oyster culture appears feasible at
present product prices, and expansion on existing
leases can be anticipated, Further expansion de-
pends on market considerations and on the availa-
bility of leases on the ocean bottom that can be
made suitable for oyster culture.

From the preceding discussion, the following
conclusions emerge with respect to supply-and-
dcmand prospects in the oyster industry: �! pri-
vate producers have the technical knowledge and
capacity ta greatly increase supplies at existiug
prices, and �! the principal difBculties in increas-
ing supplies and developing the industry are legal
 acquiring adequate properly rights in areas suit-
able for production! and in marketing  developing
markets capable of absorbing ~ed production
at proBtable prices !,

The Hard Clam  Mercenaria mercenaria!

Supply and Demand

Supply. Bureau of Commercial Fisheries Working
Paper Xo. 55  April 1970! contains basic economic
indicators for cIams. Since considerable differences
exist among specie, reference is also made to an-



nual issues of Fishery StstisNcs of the Uruted States,
particularly the regiona] statistics contained therein,

An increase of 3.7 >< 10' pounds in clam landings
occurred during 1956-1966. About 3.1 X 10~ pounds,
or 84 percent, of this increase can be accounted
for by increased New Jersey landings. Other states
made substantial increases in percentage terms but
because of the smal] absolute magnitude of their
landings, their impact nn the national total was
minor. Imports have been of minor importance, av-
eraging about 2 >  10' to 3 !< Ily' pounds annually,
Domestic landings of all clams in the U.S. in 1967
were 7.2 X 10 pounds valued at $2.1 X 10' ex-
vesse]  $0.29 per pound!. Of this total, about 1.6 X
10' pounds, or 23 per~t, was comprised of hard
c]ams. On a dollar basis, however, hard clams were
valued at $1,2 >  10' or about 58 percent of tbe total
value of a]] clams, reSecting the higher ex-vessel
price of bard clams  $0.74 per pound!. Thus the
clam market is one of signiScant volume. The hard
chun market, a]though small compared to the total
c]sm market, is signiScant.

On a per capita basis, supplies increased by 32
percent from 0.289 pound per capita to 0,355
pound per capita during 195K-1967. Clam imports
have been fairly stable, although a shift in the
composition of imports has occurred from fresh
and frozen to canned, During this same period,
hard clam supplies ha.ve Suctuated in the range 1.4
to 1.7 !< 10' pounds with no evident trend. The
major portion of hard clam supplies originates in the
New England and Middle Atlantic states, New
England's share of U,S. hard clam landings dec]ined
from 39 percent in 1952 tn 18 percent in 1967, while
Middle At]antic landings rose from 54 percent in
l952 to 63 perxx.'nt m 1967. This shift reSects an ab-
solute decline and an absolute increase in tbe land-
ings of New England and Middle Atlantic states
respectively.

The maximum sustainable yield  MSY! of hard
clams in Atlantic waters has been projected at 321

10' pounds  Working Paper No. 55, p. 30!,
Other stocks are believed to exist, and some are
known to exist but are not currently exploited. Tbe
above MSY estimate is based on increased exploita-
tion and on artiScial rearing. If imports are assumed
to remain stable and supplies exploited for the U.S.
market are restricted to tbe Northwest and West
Central At]antic stocks, with cultivation the esti-

mated MSY is 2,25 X IP pounds. This estixnate is
14 times larger than 1967 landings, but it inc]udes
the effect of increased culture, This effect will ma-
terialize only when prices rise suSicient]y to attract
and warrant commercial culture and adequate bot-
tom lease rights are made available.

There are commercial clam cu]turists at the pres-
ent time. Since their knowledge has been gained
at considerab]e personal expense, they are under-
standably reluctant to supply free information on
cultural techniques or production costs, It may be
concluded, however, that commercial production is
at ]east marginally feasible and can be expected to
attract more producers in the future, provided ade-
quate bottom leases are available. Supplies from
public beds do not necessarily increase with market
price as is true with most products; this is a conse-
quence of the common property rights associated
with public beds. In the absence of deSnite prop-
erty rights, no incentive exists for resource conser-
vation, Market forces tend to resu]t in resource de-
pletion snd diminution of sustainable Sow. Under a
common property regixne, the supply curve of a
Sshery will be negatively sloped for excessive levels
of Sshing effort This pattern of management is to
tbe advantage of neither harvester nor consumer,
Commercial aquaculture, through bottoxn leases,
may permit realization of potential production by
better conservation measures and by improving the
productivity of tbe natural resource.

Demand. Price and income elasticities of demand
for clams have been estimated to be � 0.61 and
+0.25, respectiveiy  Working Paper No, 55, p. 14!.
While not large, income elasticity is positive and has
led to a gradus] rise in demand over time. This
rise has enabled prices to remain relatively stable
despite increased per capita consumption. In the
case of hard clams, total supplies have been rela-
tively stable; per capita supplies have dedined, and
prices have risen from $0.42 per pound in 1952 to
40.74 per pound in 1987. This price rise presuxnably
reSects both the decrease in per capita supplies
and incraved demand resulting from rising per cap-
ita incomes. Assuxning an annua] population growth

, of 1.5 percent and an annua] real per capita income
growth of 1.5 percent, annual supply increases of
about 1.9 percent could be absorbed with stable
prices, At 1967 supply levels, this annual increase
wou]d amount to 3.0 y, los pounds va]ued at ~ X



10'. Within Bve years, the market value of these
supply increases would total in excess of $10'.

The pcr capita consumption of fresh aad frozen
clams differs considerably between New England
and other regions. Specifically, consurnptioa in New
England in 1969 was 0.638 pound per capita which
is seven times larger than the next highest  PaciBc!
consumption region  Working Paper No, 55, p. 9!,
The third highest region was the Middle Atlantic
region with .072 pound per capita. The population
concentration coupled with high per capita can-
sumptioa levels in the New England-Middle Atlan-
tic region implies that most supplies are eventually
consumed in these regions. A large population ac-
customed to consuming clams exists in these re-
gions; promotion efforts in these regioas would
probably have less consumer resistance to overcome.

State of the Art
Methods for inducing the hard clam to spawn

and for rearing thc larvae through rnetarnorphosis
were described more than 20 years ago by Loosa-
noff and Davis �950!. Since that time, this species
has been cultured in captivity by various investiga-
tors in the New England area, including Camker
�958!, Turner and George �955! and Matthiessen
and Toner �966!. In certain respects, this species
may be more readily cultured than other species of
bivalve mollusks of commercial importance. Gen-
eral procedures are described and reviewed by
Loosanoff aad Davis �963!.

Reprodactioa. The hard clam, unlike the oyster,
does not resorb its gonads if heM for prolonged
periods at a temperature below that rerIuired to
stimulate spawning  Loosaaolf and Davis, 1983a!.
There is no "refractory" period, and adults held at
shghtly below 20'C may be induced to spawa at
virtually any time of the year. Loosaaoff and Davis
�%0! reported that cIams brought ia from nature
in winter, when water temperatures approximated
O'C, ripeaed successfuHy in trays of running sea-
water ia which the temperature was elevated sev-
eral degrees every three to Sve days until it reached
20 to 22'C, Carriker �961! induced cIams to spawn
in early summer by warmiag the water to 38'C
and by adding suspensions of cIam sperm as stimu-
lus. In order to obtain larvae later during tbe sum-
mer, ripened adults coHected in mid-June were

held at 15'C; satisfactory spawning occurred as late
as mid-August when these were exposed to higher
temperatures.

Turner and George �955! took adult clams from
Maine, from where they had been shipped ia early
spring, and induced them to spawn throughout the
summer months by exposing them to temperatures
of 28'C and adding sperm or egg suspensions to the
spawning containers. Temperatures of the Maine
waters in which these clams were held never rose
sufHcientJy to stimulate spawning even during sum-

fn general, this species appears to respond readily
to thermal manipulations and stimulation by suspen-
sion of eggs or sperm as a means of inducing spawn-
ing. According to Loosanoff and Davis �983a!, a
large female is capable of producing as many as
24 million eggs at a single spawning.

Reariag of' Larvae. According to Davis �969!,
the fertilized eggs of the hard clam are rather sensi-
tive to low salinities and fail to develop ia water of
salinity below 22 o/oo. The larvae, however, are
hardier and "can survive and grow reasonably weH
at salinities of 17.5 or even 15 o/oo." Loosanoff and
Davis �983b! state that the optimal salinity for
egg development is about 27 o/oo; they found that
the optimal temperature for rearing larvae lies be-
tween 25' and 30'C, and that larvae reared at the
latter temperature may begin to set as early as the
seventh day after spawning.

Clam huvae appear to be considerably less par-
ticular in food requirements thaa oyster larvae.
They have been cultured sucoessfuHy, from straight-
hinge state to metamorphosis, on a variety of food,
inetudiag certaia diatoms, such as Nitzsehia clas-
teriurn {or Phaeodacty4m tricornutum!  Turner
and George, 1955! and CycfoteHa nana  Matthies
sen and Toner, 1966!; HageHates, including Mono-
ohrysis liberi and 1soehrysis galena  Davis
GuiHard, 1958!; green algae, such as CfjIoreIEa
ohligsuss  Hidu and Ukeles, 1962!, and even BiI-
trates of various cereals such as pablum {Carriker
1981 !.

Matthiessea and Toner �986! found " the
survivaI of larvae was highest when these we
tured at densities of Hve or less per miHiiiter of ~-
tare water, aad when the culture water was chang
daily. Unlike the oyster, which does aot und g
metamorphosis until it has attained nearly



microns m size, clam larvae generaHy metamor-
phose at a size of 200-215 microns,

Hidu and Tubiash �963! have found that the
growth rate of both clam and oyster larvae may be
accelerated by the addition of the antibiotic
"Combistrep"   dibydrostreptomycin-streptomycin
sulfates! to the culture water at concentrations up to
2,000 parts per miHion. Evidently this antibiotic
promotes the growth of certain forms of bacteria of
nutritional value to the larvae, while eliminating
certain path ogens detrimental to larvae,

Although clam larvae apparently are less sensitive
to poHutants in the water than oyster larvae  Davis,
1969!, they are nevertheless susceptible to disease.
In addition to infections by fungus, as described by
Davis et al �954!, the larvae may also suffer high
mortalities as a result of bacillary necrosis  Tubiash
et al, 1965!, The latter authors conclude, however,
that at least short-term control could be reached
through use of various antibiotics, including Combi-
strep, Chloramphenicol and certain others.

Hearing of Jtroeniles. Although the hard clam is a
species that spawns readily in captivity, and the lar-
vae are relatively hardy, little has been reported on
the rearing of juveniles under controlled conditions,
at least, with respect to food and water Sow require-
ments.

Matthiessen and Toner �968! described the
growth of post-larval  approximately .2 miHimeter!
clams cultured ia trays; more than 50 days were
required for these to attain an average size of two
millimeters. The clams were fed daily a diet of
Cyclotelh nona in combination with either Mono-
cbrysis lutheri or Isochrysis gelbare. The feeding
rate was initiated at approximately l P food cells
per clam per day and was graduaUy increased to
about 6 X IP cells per clam per day as they
reached two miHimeters in size. At the end of an ad-
ditional two months, during which they were fed on
a similar diet at a rate of nearly 107 food ceHs per
clam per day, tbe dams in one group averaged
eight milhrneters in size,

A considerably faster growth rate was obtained
by holding the juveniles in Sowing water to which
algal food was added continuously; in this case, the
dams reached an average size of nine millimeters
within approximately two months. Toward the end
of this experiment, roughly 46 gallons of algal food
were required daily to satisfy the requirements of

10,000 quahogs. The maximum feeding rate ap-
proximated 4 X 10' cells per clam per day, and the
water Sowed through the six-liter containers at a
rate of 108 gaHons per day. Survival under these
conditions, however, was relatively low due to in-
vasion of the culture containers by the ciliate, Vor-
ticePa, which grew profusely over the tiny clams
and smothered most of them,

Because of the voluminous food requirements of
juvenile clams, it does not appear to be practical to
attempt to provide the usual cultured food for large
numbers. On the other hand, tiny clams cannot be
transferred from the hatchery and planted directly
in nature without the risk of heavy losses from pre-
dation  Carriker, 1956!. Mattbiessen and Toner
�988! attempted to culture three-millimeter juve-
niles in nature by holding them in sediment-Slled
buckets, supported on Soating trays. At the end of
the growing season, these clams averaged only ten
millimeters in length, and survival was relatively
poor due to algae fouling the surfaces. The practi-
cality of this approach on a large scale is doubtful.

Carriker   1959! found that a relatively high per-
centage � over 80 percent � of juvenile clams planted
in nature would survive if protected by one-fourth-
inch mesh fencing. More recently, Castagna et al
�970! have reported more than 80 percent survival
of juvenile clams protected by aggregates, e,g., par-
ticles of sbell, gravel, etc�spread over the planted
area. The aggregate material prevents crabs and
other predators from dislodging the small clams
from the sediment. How the growth rate of small
clams may be affected by planting in such material
has not been reported.

Foal. As indicated earlier, although the bard
clam appears to be considerably less selective in its
food choice than the oyster, the rearing of large
numbers of clams successfully on other than au algal
diet has not been reported, Even certain dried al-
gae, apparently satisfactory for clam larvae, do not
appear to be a particularly satisfactory diet when
fed to juveniles  Hidu and Ukeles, 1982!. Further-
more, although clam larvae arid juveniles will grow
on a diet of readily-cultured algae such as CMorelle,
their growth rate is not as satisfactory as when they
are provided diatoms or SageHates. In addition,
metabolites resulting from heavy concentrations of
Chlorella may be toxic. Therefore, at present, com-
mercial darn rearing facilities probably must rely



upon the production of large volumes of living uni-
cellular algae, in the form of diatoms or naked
flagellates, Green algae such as Ch?orella may be
used to a limited extent

Algal food requirements for clams do not present
any particular problem until after the larval stage,
as is true with the rearing of other bivalve mollusks
under controlled conditions, It can be assumed that
for sustained growth the food requirements of a
larval and ten-millimeter clam differ by several
orders of magnitude,

Major Technical Probfems. Certainly the major
technical problem in rearing hard clams under con-
trolled conditions is the provision of sufBcient food
for the post-larval stages. Compared with the bay
scallop, which may attain a marketable size within
a single growing season, the hard clam does not
grow rapidly and generally requires a minimum of
two years to attain marketable size. During this
period, large volumes of food are needed to produce
commercial quantities of clams. This species may
assimilate and grow upon various unicellular green
algae, living or dead, and suggests the possibBity
for the mass rearing of readily-cultured algae, such
as Chlorella or Scerredesmus. But, unless the juve-
nile clams exhibited a fast rate of growth under such
conditions, it is doubtful that this approach would
he economical.

The alternative would be to hold clams in con-
tinually flowing seawater, from which they could
derive their nutrition directly. However, accordmg
to figures from Matthiessen and Toner �966!, post-
larval clams one to ten rnillimeters in size require an
average of 4 X 10' food cells per day to sustain a
weekly growth increment of one millimeter, even
when held at temperatures favorable for growth,
This food demand would be expected to increase
with increasing size if the same rate of growth
were to continue. The culture of juvenile clams to
marketable size under such conditions has not been
reported in detail.

Culture in the Natural Enuironmerrt. Because of

their food requirements, it would seem far more
practical at this point to culture clams in the natural
environment, relying upon natural seawater as their
primary source of nutrition. Certain factors should
be consi dered if this approach is taken.

According to Turner �%3!, the natural continu-
ous range of this species extends from Cape Cod

southward- north of Cape Cod populations tend to
be isolated and restricted to areas where local sea-
sonal warming of the water permits spawning, Dow
and Wallace �955! state that in Maine, natural
sets are infrequent. The great percentage of bard
clams in Maine are limited to the area of Casco Bay,

Even in southern New England, the setting inten-
sity of @is species in any given area may be highly
variable from year to year. Carriker �959!, work-
ing in a salt pond in Long Island Sound which was
naturally populated by clams, found relatively few
survivors of summer spawning despite tbe occur-
rence of larvae. Heavy clam sets frequently do occur
iu southern New England; however, for any particu-
lar area, and with few exceptions, such occurrences
arc sporadic and unpredictable. Therefore, efforts
to culture clams on a commercial scale in New Eng-
land would appear to have a limited chance of suc-
cess without a means of guaranteeing successful
reproduction each year, such as a hatchery facility.

Since hard clams are relatively sedentary, meth-
ods for containrncnt in natural areas would not he
required. However, hard clams are highly v~er-
able to predation, particularly in the very early
juvenile stages. The most serious predators appear
to be various species of crabs  Carriker, 1959!,
which have reportedly destroyed almost the entire
population of newly set clams in a given area.

Carriker �959! found that such predators could
he effectively excluded from planted areas by erect-
ing fencing, consisting of one-fourth-inch mesh
galvanized wire buried one-half foot beneath the
surface of the sediment and extending three and
one-balf feet above the sediment. Over a period of
oue year, approxunately 80 per'cent of the planted
juvenile clams survived., However, it was found
necessary to continually remove those crabs suffi-
ciently smail to pass through the mesh. After molt-
ing and increasing in size, the crabs were unable to
escape. The extent to which fencing may be fea-
sible on a large sade has not been demonstrated.

In the northern portion of its range, the hard
clam grows relatively slowly. Although Belding
�931! reported that, in certain areas of southern
Massachusetts, this species might attain a length of
two inches within two years after setting, it may
require anywhere from three to six years in Maine
  R. I . Dow, personal communication !, Anseil
{1989! found that even under temperature condi-
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tions considered optimum for growth seasonal varia-
tion in phytoplanktonic food abundance seriously
limits the growth rate in nature. If hard clam juve-
niles are densely planted in natural areas, it seems
likely that at least three years would be required
for maturation of the crop and, in areas of Iow cur-
rent flow, possibly longer.

Production Costs

Culture in a Controlled Fnoironment. As noted
earlier, the discussion of oyster culture in a con-
trolled environment is generaHy applicablc to bi-
valve moIIusks. It seems unlikely that the costs of
cuIture in a controlled environment are warranted
for oysters. It seems even less likely that controlled
culture is warranted for clams which are of lower
value than oysters and can also be cultured in a
natural environment.

Culture tn the Xatural Knuironment. We have
attempted to ascertain production costs of hard
clam culture in a natural environment, Production
costs for a hatchery  to assure availability of seed!
could be estimated by synthesis from bio-technical
data, as was done for oysters  Goodrich et al, 1968!.
A. check on hatchery costs is available since seed
are marketed. However, insufBcient published infor-
mation exists about juvenile phases to project ac-
curately the costs of producing clams to a rnarket-
able product for consumption. There are commer-
cial producers in existence, but we do not know
whether or not these operations are proBtable. Prob-
ably the degree of proBtabihty is highly variable,
depending on particular circumstances. We suspect
that operations are of marginal proBtability at the
present time, but this picture will probably im-
prove with rising prices.

The Bay Scallop  Aequipecten irradians!

Supply and Demand
Supply, Supplies of scallops include sea scallops

and bay scallops, Domestic landings of sea scallops
have been in the range of 10 to 28 X 10 pounds
per year since 1960, with lower landings predorni-
nating since 1964. Imports have been in the range
of 7 to 16 X 10' pounds per year during this period,
Total supplies available for domestic consumption
have been about 32 to 36 X 10 pounds per year
with thc exceptions of 1967 and 1968. In those two

years, total supplies were about 26 p l y' pounds
per year. Annual per capita supplies were in the
range 0.17 to 0.20 pound per capita except for
1967-1968 xvhen they declined to 0.13 pound pcr
capita, Ex-vessel prices were in the range $0.35 to
$0.66 per pound except in 1967-1968 when they
rose to $0,76-$1,11 per pound.

Supplies of hay scaIIops were in the range 1.5 to
3,2 X 10' pounds per year valued at $1.1 to $2.1 p
10 per year. Ex-vessel prices for New England bay
scallops were $0.71 to $1.28 per pound from 1960 to
1963 with prices since 19% being $1.22 or higher. In
1968, a record price of $1.58 was received. If the
bay scallop were viewed in isolation from the total
scallop market, the market volume criterion would
be rather unfavorable, At 1987 prices, the supply
increase associated xvith $l0 additional sales would
be about 75 percent, If the market volume criterion
were applied to the total scallop market, the supply
increase associated with additional sales of $19'
would be only 3 percent.

Inclusion of tbe bay scallop in this chapter has
been based on a comparison of the supply increase
with total scallop market volume. In choosing the
total market as a basis of comparison, we recognize
the decline in supplies of sea scallops which has
occurred in recent years and the potential substitute
role of bay scallop culture in Sling this gap. At the
same time, we note that natural supplies of sea
scallops may recover through a resurgence of his-
torically-exploited stocks and/or exploitation of new
stocks of sea and calico scallops. New stocks have
been discovered in recent years  National Marine
Fisheries Service, Working Paper No. 54, April
1970!, The effect of recovery of natural supplies is
considered in the following discussion of demand.

Demand. A stahstical analysis of bay scallop
prices in New York City's Fulton Fish Market was
performed. The analysis indicated an own-price
elasticity of -2.48 and a cross-price effect of +2.06
with sea scallop prims. The latter coefBcient indi-
cates a rather strong positive relationship between
sca scallop prices and bay scallop prices. Conse-
quently, a resurgence of sea scallop supplies would
depress sea scallop prices and also depress bay scal-
lop prices in the New York market. New England
markets, especially at the ex-vessel level, might be
somewhat insulated from this effect, but a culturist



dependent on New York markets would probably
experience a pronounced price effect.

The only available estimates of income elasticity
are those by PurceH and Raunikar �968, p. 14!,
and the National Marine Fisheries Service  Work-
ing Paper No, 54, p, 18!, The cross-sectional data
reported by Purcell and Raunikar suggest low, but
positive, income elasticity of demand, The estimated
price and income elasticities for sea scallops re-
ported in Working Paper No. 54 are � 0,63 and
+0,43, respechvely. Assuming real per capita in-
come growth of 1.5 percent per annum, annual
growth in demand of 0.65 percent could be antici-
pated at stable prices. Using 1967 supplies and
prices as a base, this implies an annual demand
growth of about Q.88 X 10'. In a period of about
three years, cumulative growth in demand would
permit absorption of $10' increase in supplies at
stable prices. These comparisons assume stable nat-
ural supplies. As noted earlier, a re urgence of nat-
ural supplies of sea scaHops could invalidate these
comparisons.

State cf the Art
As compared to the American oyster  Cramehea

txrgtnica! and hard clam  Mercenaria rnercenarta!,
relatively little work has been done in bay scallop
culture. However, this species has been induced to
spawn and the larvae have been reared successfully
through metamorphosis by various investigators
 Loosanoff and Davis, 1963; Matthiessen and Toner,
1966; Sastry, 1965; Castagna, personal mmmunica-
tion!. It also has been reared from the post-larval
stage to marketable size under controlled  in the
laboratory! conditions as weII as in the natural
environment

Reproduction. Methods for inducing a wide vari-
ety of bivalve moHusks to reproduce in captivity
have been developed and described by Loosanoff
aud Davis �983!. The basic procedure involves
exposing the animals to levels of water temperature
sufhcient to initiate or accelerate the process of
gametogenesis. When the animah have reached sex-
ual maturity, spawning, or the shedding of gametes
 eggs and sperm! into the surrounding water, may
be induced by further temperature xnanipulstion.
Iu some cases, the ripened animals are exposed to
suspensious of eggs and sperm of the same species.

Different investigators have used various modiflca-
tions of this generalized approach.

Loosanoff and Davis �963! reported that bay
scallops were induM to spawn by bringing adults
from nature � during February when water tern-
peratures were probably near 0 6 into the labora-
tory where, after a brief period of acclimation, the
scallops were held at 20'C for 23 days. At the ter-
mination of this conditioning period, the axdmab
were exposed to water temperatures of 30'C, which
triggered the spawning reaction.

Turner and Hanks �960! obtained scaHops from
nature during December and January and held
these in running seawater �3 C! for a period of
three weeks, At the end of this time, histological
sections indicated the development of tailed sper-
matozoa and mature ova, although normal spawning
failed to occur. These authors believed that the
somewhat erratic results of this experisnent and
failure of the animals to spawn could be attributed
to nutritional deficiencies, since the only food pro-
vided was that occurring naturaHy in the seawater
system.

Ssstry �968! also collected his animals from na-
ture during December and initiated reproductive
activity by exposure of the animals to 15 and 20'C.
At 20'C, animals that were fed 0.0172 to 0,0393
grams  dry weight! of algal food per scallop per
day developed eggs of mature size  in excess of 50
mimons in diameter! after approximately 30 days.
Those held at 15 C failed to develop eggs averaging
greater than 2O microns. Anirnah held at 15'C for
ten days, at 20'C for an additional flve days, and
then exposed to 25 C, spawned normal garnetes
after two days at the latter temperature. This was
approximately half the time required at a stable
temperature of 20'C. Control animals which vrere
not fed failed to develop mature sex ceHs.

Matthiessen and Toner �968!, who obtairxxl
scaHops fsom nature in April when water tempera-
tures averaged 7'C, obtained their xnost satisfactory
spawning results by holding the animals at 18'C in
continuaHy fiowing water, even though 100 days
were required at this temperature for the scaHops
to shed large quantities of eggs and sperm, They
recommended that algal food, at densities of 10
ceHs per millihter, be added daily at a rate cf 130
liters for every 12 scaBops being conditioned, or ap-
prcaimately le~ food cens per scaHop per day.
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Castagna   persona] communication ! has been
able to induce scaHops to spawn throughout the
year. His procedure involves holding the scallops
at 18 C for four weeks and at 22 C for an addi-
tional two weeks, and then e]evating the water tem-
perature rapidly to 28'C. If the scallops fail to
spawn as the temperature reaches 28'C, the tem-
perature is lowered to 22'C, a process that fre-
quently stimulates spawning. The scallops obtained
suf6cient nutrition from food occurring naturally in
the Bowing seawater system.

AH of the abcve investigators were concerned
primarily with the conditioning of scallops "out of
season," when gametogenesis and subsequent
spawning could be stimulated only by arti6cial
means. It is apparent that methods for temperature
manipulation and control are critica], and that in
some cases supplementary food provision is also
essentia]. Satisfactory spawning can be reached
simply by bringing adults into the ]aboratory from
nature at a time of year when they have ripened
natura]ly  i.e., June and July! and subjecting these
to a sharp temperature increase. Although this pro-
cedure limits the acquisition of viable gametes to
speci6c times of the year, it eliminates the some-
tirnes costly and laborious process of stimulating
garnetogenesis arti6ciaHy.

Rearing of Larvae. Methods of rearing the larvae
of bivalve moHusks have been fully described by
Loosanoff and Davis �963!, and published work
relating to thc bay scallop appears to foHow their
basic procedures. Modi6cations have included water
puri6cation techniques, water change schedule,
population densities and the types and concentra-
tions of alga] food supphed, However, the two basic
requirements for larval culture are �! a source of
warm, contaminant-free water and �! a supply
of algal food generally maintained in the form of
unia]ga] cultures,

With respect to water quahty, Matthiessen and
Toner �966! cultured scallop larvae in seawater
of salinity of 31 o/oo, that was pre6ltered through
a one-micron 6]ter; sterilization by ultraviolet light
did not appear necessary, The water in the larval
containers of 100-liter capacity was aerated,
changed daily and maintained at a temperature of
approximate]y 25'C. Both diatoms  Cycfotella nana
and Skeletonerna costatum! and a naked BageHate
 Isachrllsis galbana! were maintained in cu]ture as

food although Cydoteila by itself was found satis-
factory during a]l stages of larval development.
Food was added dai]y to the larval tanks at each
water change to provide an initial concentration of
10 ceHs per riiHilite. These investigators found
the optimum larval density, under these conditions,
to be IO to 20 larvae per milliliter. Certain of the
larvae attained setting size, i,e., began to undergo
metamorphosis, within one week after initial spawn-
ingg.

Castagna  persona] communication! has rnain-
tained larvae at initial densities of 17 pcr miHiliter
 straight-hinge!; densities at time of metamorphosis
were reduced to about thrm per miHiliter. He has
found that thc diatom Phaeodacty]urn tricornuturn
is an excellent larval food for this species. He ern-
ployed an ultraviolet sterilization system, which
was not believed to be necessary, Water for the
larva! tanks was not 6]tered, but rather was c]ari-
Bed by use of a centrifuge.

For bay scaHop larvae, best results were obtained
if the salinity oF the culture water was relative]y
high, preferably about 30 o/oo.

Rearing of June''les. Litt]e has been published
on the rearing of juvenile bay scaHops. Castagna
 personal communication!, working in the rela-
tively moderate cHmate of southern Virginia, was
able to transfer post-larval scaHops from the hatch-
ery to semi-natural conditions approximately one
week after metamorphosis; the latter involved hold-
ing of large numbers of scallops in shaHow outdoor
trays through which natural, untreated seawater
circu]ated constantly. After a period of several
weeks, the scaHops were large enough to be trans-
ferred to Boating trays moored in a lagoon. These
trays were approximately 14 square frat in area,
and were stocked at densities of 4,000 scaHops per
tray. Although some trays became heavily fou]ed,
the survival rate was high, and the scaHops attained
marketab]e size in approximately one year. Heavy
mortaHties, however, occurred during ice periods,
either as a result of physica] damage to the trays, or
exposure of the scaHops when the trays were pushed
above the ice Bow.

Matthiessen and Toner   l966!, working in south-
ern Massachusetts, obtained best results in terms
of growth rate by holding post-larval sca]]ops in
eight-liter trays through which seawater, warmed
to 28 C, Bowed constantly at a rate of approxi-



and Toner �966! in table 4-3.

TaMe 4-3. Daily food requirements of bay ~s.

NmAer of Foosi CeSs
Sage per smSvhlaal SISSY Per Day!

huva 10'

post-Ituva
 early juvenile ! 5 x 10'

adult

mately 400 liters per day. Each tray held 5,000
scaHops, or roughly 24 scaHops per square inch of
tray surface area, Food, dripped into the tray at a
rate of 40 to 100 miHiliters per minute, consisted of
a combination of Cyctotellrs nana and Ske jetonema
costaturn at densities of I to 1.65 >< l0 ceHs per
miIHHter. Under these conditions, the scaHops aver-
aged daily growth increments of 85 microns per
day and averaged nearly four miHirneters in size
after one month. Estimated survival during this
period was 64 percent.

Matthiessen and Toner �986! attempted to rear
juvenile scallops in nature by maintaining them in
Sne-mesh screen trays Boating in a natural salt pond.
These scaHops, initially three millimeters in size, in-
creased to an average of Sve miHimeters within a
two-week period. Mortality was extremely high,
however, as a result of intensive fouling of the
teens, and the experiment was discontinued.

Food. The bay scaHop appears to subsist prirnar-
ily upon particles of organic material suspended
in the water column in the form of plant cells  phy-
toplankton! or possibly detritus. Through aH stages
of its life cycle, including the earliest larval stage,
this species can assimilate and thrive upon small
diatoms. Three species of diatoms upon which scal-
lops have been successfuHy reared through the lar-
val and early juvenile periods are Cyclotella nanrs,
Skeletonetno costatssrrt and Phoeodactyfurn tricorrtu-
ttsm, which have been cultured in large volumes in
commercial and experimental sheHSsh hatcheries. It
is probable that srnaH naked SageHates, e.g., Mono-
ohrtjsis latheri or Isochrysis galbatM, would be
equally suitable. To date, the successful rearing of
scaHops on other than a living algal diet bas not
been reported.

We can estimate roughly the amount of algal food
required by the bay scallop during certain stages of
its life cycle from data provided by Matthiessen

Majnr Teehrsieal Dite'cssltieS. These are tWO: �!
care of the larvae and juveniles and �! food,

Bay scaHop larvae appear to be more sensitive
and prone to mass mortalities than the larvae of
hard clams and oysters. Recent unpublished evi-
dence appears to indicate that high water quality,
i.e., absence of pollutants, is of extreme importance
in the rearing of this species in captivity. High
mortality rates among some juveniles have been at-
tributed, for lack of other evidenm, to toxic sub-
stances in the water supply. Unfortunately, the na-
ture of such contaminants is not readily detect-
able,

The mechanics of handling large numbers of
juvenile scallops in captivity have also been found
difScult by some workers. This species appears to
thrive best in weH circulated water, probably since
such conditions provide arrrple oxygen and assure
removal of waste products. This requirement may
be diBlcult to satisfy under artiScial conditions un-
less su%cjent volumes of water are pumped through
the holding tanks to remove aH waste material and
maintain the tanks in clean condition.

In terms of estimated food requirements, it seems
highly doubtful that large nutnbers of bay scallops
could be cultured to maturity in a controHed envi-
ronment unless foods cheaper thars cultured algae
can be found. But it is possible that a satisfactory
substitute for Hving algal cells may be developed.
Alternatively, the scaHops might be transferred to
nature shortly after rnetarnorphosis, thereby elixni-
nating food costs.

Culture in tfse natural Znnironment. If bay scal-
lops could be cultured without reliance upon cer-
tain artiScial techniques described above, major
cost considerations such as hatchery construction,
operation, and maintenance and algal food cuhsre,
would be eliminated. However, other factors would
have to be considered.

Even where bay scaHops occur naturaHy, annual
reprrjduction in any given area from year to year is
highly unreliable for reasons that are not clear.
MarshaH �980! has attributed annual variations
in setting intensity to subtle changes in tbe local
hydrographic regime, although such changes have
not been deSned. In any event, it would seem that
regardless of the area in New England selected for
culture annual supplies of large quantities of bay
scaHops will depend upon supplementary hatchery



operations as a means for assuring production of
juveniles.

Since scallops are. reasonably active swimmers,
means arc nndcd to retain them within the area
selected for culture. Furthermore, they are subject
to predation by natural enemies, particularly star-
Bsh, which in certain instanc~w may he intensive
 Marshall, 1960!. Therefore, if cultured in natural
areas, methods must hc adopted to prevent egress
from the culture area and to protect the scallops
from predators.

PraChct ion Costs

Culture in a ControQed Environment. As noted,
earlier, thc discussion of oyster culture in a con-
trulled environment is generally «ppL'cable to bi-
valve mollusks, It seems unlikely that the cost of
culture in a controlled environment is warranted
for either oysters or bay scallops.

Culture in a Xatura/ Environment, As indicated in
the State of the Art discussion, published Ltcrature
on the hay scallop deals with pre-juvenile stages.
Survival and growth rates for juveniles aftrr trans-
planting to a natural environn>rnt hav» reportedly
been highly variable for reasons not well under-
stood. Since cost per unit of product is invccnly
proportional to th» rate. of j»vrnilo survival, it is
impossible to prole~ costs until a reasonably repre-
sentative survival rate can lse defined. With the
paucity of data, the most that can be synthtsized is
an estimate of the minimum survival rate consistent
with profitable production. Such an <xercise doc>
not seem worthwhile at the present state of knowl-
edge,

One approach, developed by Castagna  personal
communication!, is that of rearing the scallops to
maturity in floating trays although estimates on
mortality rates are not available at this time. In
areas where fouling by algae, sponges, tunicates,
etc., is heavy, continual maintenance would be es-
sential to assure adequate exchange of seawater in
the trays. In New England, furthermore, methods of
protecting the trays from ice would be necessary

An alternative method is to culture scallops on
the bottom of fenced areas. Marshall  l980! and,
earlier, Belding  I93I! found, however, that both
survival and growth rate were relatively poor under
such conditions. The theory was advanced that en-

closures tending to reduce circulation were debs
mental to scallops. But Castagna  personal com-
munication! has report<4 excellent growth and up
to 70 percent survival among scallops held in pens
in the waters of Virginia,

Silver Salmon  Oncorhyrschus kisotchf

Supp{y rrnrf Demand
The following discussion of supply and demand

focuses not only on silver salmon, but on several
salmon species of potential interest; the similarity
of salmonids in their cultural requirements makes
substitution feasible vvithin the same basic rearing
facility, Depending on market conditions, it might
prove desirabl< to shift production from one species
to ano'then

Traditionally, salmon and trout have been highly
desirablc species for food and for sport, and they
enjoy a wide market acceptability, Migratary habits
and narrow environmental tolerances make thern
both vulncrabh to both darns and pollution in
streatns. Tlute Atlantic salmon  Salrno safar!, formerly
ahunrlant {neer» Maryland to Newfoundland, is now
all but rliminatcrl from the United States, but there
aro some trout and salrn<m privately produced in
eastens North A>nerica and both species have been
cultured in the U.S. for more than a century. Most
of this has bren i» government-owned hatcheries
which produce Bsh for release into natural waters.
There is a large amount of technical information
and expertise available {or the culture of trout and
salmon conipared to that for other species which
we have analyaed. Furthermore, commercial culture
and production of rainbow trout  Safrno giardrseri!

an accomplished fact in Idaho, Washington and
Utah.

At least 11 species of salmonid fish are being
cultured in hatcheries throughout the country. Since
it is technically feasible to raise any of several spe-
cies, which species to culture depends on demand,
supply and oust factors, including:  I! existence
af a strong demand demonstrated by tbe quantity
presently heing sold and by a high price relative to
ther species; �! the potential for increases in nat-

«al supplies, and �! the possibility of profitable
p~u bon at existing prices.

S PPV Pacific sahnon sustain one of the largest
the United States. Table 4-4 lists the



species breakdown for the U.S, and Canada. Annual
landings since 19fN have ranged froan a low of
2.17 >< 10a pounds in 1967 to 3 88 X 1Gs pounds in
1966, From 1960 to 1983 the U.S. was a net importer
of salmon, but since 1964, net exports have been
about 40 million pounds per year. Table 4-5 surn-
marizes domestic landings, net imports, inventory
changes and apparent domestic axansurnption of
sahnon.

Table 44. Salmon landings by species 1960-67,

Average 19~7
 sallhm lba!

36.0
57,0

106.2
185.R
64,0

Staacfae

Chinook  Oncorhsnchaas tschaaotttcha!
Silver  O. kiautch!
Sockeye  O. nerkra!
Pink  O. gorbuscha!
Chum  O. kata!

Total 410.4

Source: U.S. Department of the Interior, Fish and Wild-
life Service, f967. Fishery ~ of the Untteaf States,
196'7 anrf prececBng annual issues.

Table 4-5. V,S, supplies of sahnon, 1960-1968, in thoaasanda
of pouruh, round aveight.

Apparent
Dosnesttc

Caan-
lnventoey sasaaap-
Chnnse tloC

' Inaports miaaus exports. hfinus sig» indicatee nea exPort.
* Change betaoeen beginning anrf siear~

Incfudee filfete enaf steaks, Beginning 1965 afso includes
canners' stocks of caranerf salmon, Begtnratng 1986 rdso in-
cfurfes diiribuiora' stocks of cannotf salmon. Minus sign
inrficotes inoentortr depletion.

' Leandings plea net imports minus iraoentorir change.
Source: U.S. Department of the Interio~. Bu'eau of Com-

mercial Fsaheraes, 1970. Basic econonalc naeficatoa's: salmon
� master pfa fashertr 50-I~, Worktaag Paper No. 82,
p, 33.

1960
1961
1962
1963
1964
1965
1968
1967
1968
average:

235,447
310,396
314,566
294,177
352+46
326,606
367,512
218,664
310,400
290,096

2R,751
9,300
5,701
9,573

� 48,99R
� 40,657
� 43,858
� 42,855
� 6,513

LaaaS.
legs
Pbaa

258,198
319.696
329gAP
303,750
303~
288,149
343,654
173,809
301,687

448
1,413
2,893

� 1,173
4,018

~5,171
47,493

� 102,683
56,159

R57,750
321485
317,574
265,7 �
299,2RR
331,32G
296,361
278,472
245,726

Total salmon production is approximately nine
es that of traut. The increment of production

needed to affect a given percentage in total supplies
is, therefore, much smaller for trout than for sahnon;
this fact is relevant with respect to price fluctua-
tions, Total Canadian and U.S. Pacific salmon land-
ings over 1960-1967 have averaged 4.1 !< 1Ga per
year  see table 4-8!. Table 4-7 shows landings and
values for selected species.

North
960-1987

13,665
12,801
R6,488

95,326
15,449

110,775

49,811
20~
70,115

16,994
69,58R

23401
22,5i I
45,722

103,644
26,705

130,349

46,139
14,586
Bfa 705

108,452
49,658

158,110

27,752
24,058
51,608

58,049
R0,084
76,133

143.309
93,358

238,685

60,345
18,097
78,442

43,424
11,918
55,342

28,131
RR,952
51,063

158,803
593310

218,413

182,325
36,416

198,741

38,071
R8,691
68,782

R3,836
89+76

31,388
B,BRL

37,987

38,515
38,838
75,151

79,655
22,953

102,606

148,119
16,332

184,451

58,508
15,44Q
71,955

36,755
36,6R3
77,378

183,018
73,493

236,509

102,012
25,8R2

127,834

34,459
12.139
46,598

51,721
51,644

103,365

88,013
37,078

103,091

3tQQO
2P 511
80,601

30,798
26,105
56,903

114,709
50,541

9@250

84+52
RR,G50

106 292

48,151
15+OS
83,959

Source: U.S, Deportment of tha Interior, Bureau of Com-
anercial Ffsfaeriee, 1970. Basic econonaic truftcataara salmon
� nraater plan fjghery 50-I W8, Working Paper Ivo, 62,
pp. 3941.

Tabk 46.
species, I
Year
1960
U,S, 24,057
Canada 9,049
Total 33 108

I 961
U.S, 26,962
Canada 7,945
Total 34,907

I 982
V.S. 25,111
Canada 7,945
Total 33,058

JQ63
V.S. 27,179
Canada 9,049
Tobd 36,228

l 964
U.S. 26,732

12,139
Total 40,871
1965
U.S. 29/ I 6

IR,SGI
Total 42,117

1966
US. 27~
Canada 15,449
Total 4R,672

3967
Uai. 26,181
Canada 15,449
Total 41,630
1960-I 987
Aoenageai
U.S.
Canada
Tintal

Aanerican landings of Paci8c saiaaaam by
in thousands of pounds.

fatver Buckeye thats Cbasa



hatchery-reared fish return to spawn   Cleaver,
I969!. AH of the salmon hatcheries are government-
owned and aH produce fish for release to augment
or restore sport and commercial fisheries. There
were, at the time of this writing, no cornrnercial
salmon production facilities which rear salmon to
market size on the West Coast although commercial
pilot projects were planned.

World landings of Atlantic salmon  Salrrttr safor!
are presented in table 4-8. The world catch of 10,000

Pacific salmon have been cultured and reared on
the West Coast since l872. Eggs are taken from
returning adults, fertilized and hatched in tanks
and trays in hatcheries located on rivers throughout
the Pacific Northwest, All five species of Paci&c
salmon are cultured, and all are released to the riv-
ers either after six or fourteen ntonths of growth.
These hatchery-reared fish go to the sea along with
natural spawned fish and return in two to five years
to spawn. Between two and ten percent of the

Talk 4 7. Landings and values of Paci6c salmon by spedes for selected years.

1967 1968 1969

XtpR 4/lb.

11.5,40
5.2 .07

17.2 .106
13.4,234
8.7 .23

iiplb. Ltpg r/lb. Lomb, 10'$ t/Ib. 1Kb. 1IPR

10,4 .42 23,5 9.7
8.4 .14 1S.S 2.3

20,5 .14 113.2 15.1
15.0,2S 71,3 20.3
12.1 .31 19.7 7.3

4/Ltr.

.41

.12

.13

Chinook
Churn
Pink
Red or Sockeye
Silver or Coho

28.R 9.6
34.5 3.9
51.7 83
66.0 18.1
38.3 12.7

.37 24,9
11 61.5

,LR 148.5
.R4 54,1
.33 38.7

2&7
85.8

162.3
57.3
38.1

Source: U,S. Department of the tnterior, I'ish and Wddltfe Seroice, 1964, Fishery statistics of the United States  stilrsequent
years as indicated!.

Table 44. Landings of htlantic sahnon by principal catching nations, 1938-1987, in thonsand metric tons.'

Denmark

0.8 8.8

6.8
7.0
8.4
8,7

10.3
9.5
9.0

11.1
10.1

8.0
9,0
8.0
8.0

1.0.0
11.0
14.0
12.0
12.0
15'
13.0

1,3
1.4
1.3
1.1
1.5
1.4

' Data include soine chore and trout; one metric ton egaair 2,204 pounds,

Sources Food and Agriculture Organisation of the Uielted Nations, 1988. Yearbook of fishery statistics: catches and land-
ings, 1988  and preceding annual issues!,

1938
1947
1948
1949
1950
1951
1952
L953
1954
1955
1958
1957
1958
1959
1960
1961
1962
1963
1964
1965
1986
1967
1968

4.0
2.7
3,0
2.9
2.7
2.3
2.3
2.1
1.8
1,2
L.2
1.4
1.8
1.8
1.8
1.6
1,7
1.8
2.1
2.2
2.4

2.2

O.L
0.6
1,0
0.9
1,4
1,1
1.3
0,9
1.0
0.6
1.0
0.9
0,9
1.0
1.1
1,4
1.3
1.2
1.7
2.0
1.7
2.1
2.5

Norway

1.1
0.9
0,9
0,9
0,7
0.9
1,0
1.1
Lg
LZ
1.2
1.4
1,2
1.2
1.2
1.6
1.9
1.8
1.9
1.7
1,6
1.8
1.7

0,2
L.R
1.3
1.1
1.4
1.1
0,8
0.4
0.5
0,3
0.8
0.4
0.3
0.4
0.4
0.6
0.3
0.4
0.6
0,5
0.4
0.5
0,7

R,O
1.0
1.9
2.0
2.0
2.0
2,0
R.O
2.0
R.O
2.0
2,0
2.0
2.0
2,3
1.8
3.2
22
2.6
1.8
1.8
2.4
1.8



TotalHigh Seas

36
87

395

127
244
468

1,539
861

1,338
1,588

127
244
468

1,539
825

1 +51
i+83

1901
1962
1963
1964
1965
1966
1967

Chinook

Silver
Sockeye
Pink
Chum

.84

.81

.83

.91

Yam' and
Fotat of Orfghs

1966
New Brunswicir
Nova Scotia
Quebec
Newfoundland
Totals

59.6
0.8
5.4

31.8
fyf.6

1.8
0.5

1,0
3.1

58 0,3
5.4

94.5

Percent of
Heasket Month

Ysm aod
ltfossth

1966
May
June
J<y
August

Total

1965
New Brunssr'cb
Nova Scotia
Quebec
Newfoundlarrd
Totals

7
36
39
13

95

18
92

100

56,9
14.5

156.7

58.9
11.1
48,6
38.7

1532 3.4

1962
Jsauary
May
June
J<y
August
September

Total

f962
blassacbusetts
New Brunswidr
Nova Scotia
Quebec
Newfoundbrud
Totrds

05
16.1
70.1
3R.8
268

146.0

2
29

100
12

1
17
56
58
7

0.5
15.5
66.6
3R.S
RR.7

138,1

0.8
3.5

3.8
7.9

1961
Totals 101895.4
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to 15,000 metric tons per year by thc nations listed
accounts for 75 to 90 percent of the world total,
although this percentage has been declining since
1960, Greenland increased hcr catch from 127 metric
tons in 1961 to 1.588 metric tons in 1967  sce table
4-9!. Atlantic sahnon supplies in the U.S. are ob-
tained from the Maritime Provinces of Canada.
Table 4-10 indicates the origin of Atlantic salmon

Tahk 4-9. Greenlaorl catch of Atlantic salmon, in metric
tons.

Source: fifcVey, Robert W., 1969. Fisheries of Gresnfrmd,
U.S, 8»reoo of Commercial Fisheries, Foreign Fisheries
Leoffet Xo. 92, p. 17.

Talk 4-10. Receipts of Atlantic salinon at Fultou Fisb
Marbet by point of oritpn for selected years, in tbousands
of pounds.

So»rce: U.S, Detrortnsent of the Interior, Boreo» of Corn-
rnereiof F~ I982. Nero Yorfr City's ro~ fishery
trratfe 1962  ond ~»cut onn»ol iss»es, ooriorssfy titled!.

marketed in New York for selected years, and table
4-11 shows the seasonal distribution of receipts of
Atlantic salmon in New York City.

The maximum sustainable yield  MSY! of Pa-
cik salmon in the North Pacific has been estimated
at 449,000 short tons, Assuming the relative shares
of the U.S., Canada, Japan and the U.S.S,H. do not
change, the MSY of stocks a.vailab]e to the U,S.
and Canada is about 279,000 short tons  Cleaver,
1969!. Canadian and U.S. landings from 1960-1967
have averaged about 208,000 short tons or about 75
percent of the North American share of the MSY.
The ratio of average landings to MSY by species is
as follows:

These ratios suggest some possibilities for in-
creases in natural supplies of Pacific salmon. How-
ever, these i~creases would require improved con-
trol of exploitation by both domestic and foreign
fishing. Of particular concern has been recent high
sea fishing for salmon by South Korean vessels.
Korea does not recognize the quotas and agree-

TaMe 4-11. Seasonal distribution of Atbintic salsnon receipts
in New York City.

So»reee; V.S, Deponlment of the Interior, 8rsreo» of Com-
mercial Fisheries, 1962. Irtero York City's ro~ fishery
trode 1962, p. I i 1968. 3fidrme ~ frshery trends
2966, p, 5,



ments of the lntemationa] Salmon Fisherics Co n-
mission which have to datr made the North Pacific
the private fishing ground of the U.S.S.R., the U.S�
Canada and Japan. It seems unhkely that significant
increases in natural supplies of Pacific salmon can
be expected in the near future, Similarly, it appears
that catches of Atlantic salmon have leveled off
over the past ten years  table 4-8! and that in-
creases in natural supplies will be modest at best,
On the basis of relative prices and poor prospects
for increases in natural sttpplies, Chinook  Oncor-
hynchtrs tschaa'ytschrx!, Coho  O. kistrtch!, and At-
lantic salmon  Salrno srrlrrr! appear to offer good
prospects for culture. Af these, Coho offers certain
bio-technical advantages. Coho is also desirable
because its Hesh color is acceptable  see subsequent
discussion of demand !.

Demartd. A survey of New England grocery
chain stores indicates that salmon sales are five
to ten times greater than trout sales. Salmon are
shipped whole, gutted, and freeze-glazed to mini-
mize freezer burn. Red-Heshed fish are consistently
preferred. h seasonal peak in demand in New Eng-
land is associated with Jttly 4 when sales volume
by food chains increases by a factor of 10 to 12,
Food retailers believe that salmon is a small-volume
product, relative to other salt water fish, with a
small profit margin, and is slow moving except dur-
ing July.

Fish brokers indicated a good sales volume
for most of their smoked 6sh products, Deep red
flesh coloring received lass emphasis for this market,
Table 4-12 reports the results of a per capita con-

TaMe 4 12. Coosumptiort of fresh
regions, February 19e9-Jarrtsary 1970 I"

froren sahnon by
pounds per capita,

.125

.082

.07e

.055
,071
.it82
.019
.Itz8
.741

New Englanrl
Middle Atlartttc
East North C4.rttrnl
Wm NoM ~rstrnl
South Atlantic
East South Cerstral
West South GeLrrtral
Mountain
Pact8c

Source: U,S. Deparrrrterrs of rh lrtrerior, Bureau of Coet-
erereial Furfteriea, Oioiaiorr of Eoorromiio ltereeroi, le70.
A cornett of fide purchases b'tr ~~ernie Citarneterhrier
� rrrarntsi report Feirraarsr 1869-Jonuortr 1970, Workirrg Pa
per Xo. S0, April,

Tahts ~ -13 Est'mated lN6 regional commmption of fresh
and f loran salsrroo

2949 Per
Cs pisa

Consumpt-
ionn of
Canned
Sahnon'

0hts,!

ltsSS-
ranted

Canned Fresh 4
to Frnnrn

Fresh  rnIHoas
Ratio rrt lhs.!

Frs}ected
1905
Fopn-
lalon'

 IIthrrn!

Neer Euttiand
Middle Athtnttc
East South C ntr 1

. 833
l.42l
9�746

13.3
42.7
14,6

4.0 R.77
105 5.78
7A 5.42

4,h U ~~ of Comnwrcs, 1969. Sanasticaj ~
' V.S.

of the United IS~
patrsrnenr of the lurerior, Bureau of Corrrrrasroiol
WO- Bosio eeoLorrulo indicators ss&rtoh

~ ~ ~10-dtt, Workisg Paper No. 58, Metr, p. 18,

sumption survey of salmon by region and product
form during 1989. The same survey indicated that
New Engtarsd pcr capita consumption of canned
red salmon vvas about 70 percent higher than con-
sumption of pink salmon and about 50 times higher
than that of ct ther saltnon.

There seams to be a strong demand for red-
fleshcd, fresh and frozen salmon in the New Eng-
land, Middle Atlantic and East South Central re-
gions, Table 4-13 presents estimates of aggregate
demand for saltnon in these regions assuming 1969
per capita cortsumption patterns; on this basis, these
three regions would have an annual consumption
of fresh and frozen salmon of about 14 million
pounds.

Ex-vessel prices since 1960 have ranged between
$0.18-$6.22 per pound with $0,19 to $0.22 per
pound predorninahng since 1965. Wholesale prices
have been about %.60 to $1.13 per pound. The
price relevant to this discussion lies somewhere be-
tween ex-vessel and wholesale, between g0.20 and
$1.00 per pound. This is the price range in which
aquacultural production must operate, a range
which will probably continue to rise.

The estimated price and income elasticity of
demand for fresh and frozen sahnon are � 1.29T and
L624, respectively  Working Paper No. 62, p, 23!.

a given percentage change in per capita
supphes will change the price by less than that per-
centage. For example, a one percent increase in
supply would decrease prioe by only .77 percent.

The positive value of income elasticity indicates



target species because of consumer acceptability
and high prices.

Table 4-14. Seasonal distribution of fresh receipts of Red King and silver sahnon at Fulton Fish Market,
in thousands of pounds,

Year anti
Spades Toiahr 7aN. Feb. Mar. Agr. May 7aae 7nty Aag. Sept. Oet. Nov. 22ec.

1969
~ King 788
Silver 279

19 143
1

186 174
1 45

148
52

1968
Red King 82R
Silver 255

49 181 l57 189
4 45

3
11

10 70 48
91 32

1967
Red King 735
Silver 380

15 186 153
73

54 25
112 97

12R
97

1966
Red King 710 175 129

2 81
50 14

136 128
142
213Silver 561

1962
Red King 638
Silver 430

20
1

110 127 181
97

89 4
MO 124

101
l04

Sottrce: U.S. pepartraear of tfte interior, Bureatt of Cata~ Fkherias, l962. Mddle Atlantic fitkerg trentfs 1962  and
svhseouent annual issues!.

that demand can be expected to increase more
rapidly than population, since it can be assumed
that per capita income will increase. A given per-
centage growth in per capita income will cause a 82
percent greater rate of growth in demand. With
stable natural supplies, price should rise with in-
creasing clemand. Assuming 1,5 percent annual
growth rates in population and real per capita in-
corne, a four percent growth in quantity demanded
can be anticipated. If supplies are stable, this de-
mand increase will result in a three percent rise in
price~. Alternatively, aquaculturists can effect four
percent annual growth in supplies with stable
prices,

The seasonal distribution of supplies of Red
King and silver salmon is quite pronounced  table
4-14!. Most receipts are during the late spring and
surnrner months. Presumably, marketings during
fall and winter would receive substantially higher
prices. This appears to be the case with Red King,
but price quotations for silver salmon during these
months are lacking   table 4-15!,

It is concluded that signiScant demand potentials
exist for salmon. In terms of aggregate demand po-
tential, the prospects for salmon appear excellent
Of the various salmon species reviewed, either Bed
King, Atlantic or silver salmon is suggested as a

State of the Art
The silver  Coho! salmon has been reared suc-

cessfully in captivity through its various life stages.
Although originally conSned to the PaciSc Ocean,
this species has been successfully introduced to the
Great Lakes, and more recently to New Hampshire
and Massachusetts. Although current interest in this
species in the New England area focuses primarily
upon its potential as a. sport Ssh, it nevertheless has
certain characteristics that make it potentially suit-
able for commercial culture   Mahnken et al, 1970!.
It is regarded by some culturists as the hardiest sal-
snon for rearing under artiScial conditions.

Reprodttction. As a rule, the silver salmon spends
its Srst year in fresh water, migrating to the sea
early in the spring of tbe year after hatching. Most
Ssh return from the sea to their parent stream two
years later, at which time they are sexually mature.
Those that return after only one year are referred to
as Jacks. According to Johnson et al �988!, the
average ripe female may be expected to yield
around 2,700 viable eggs,

Standard proc~dures for obtaining fertilized eggs
have been outlined by Hagen �953!, Adults are



Table 4-1$. Seasonal pattern of who]esale frozen salmon prloes in New York City, in cents per pound,

Average Jna. Feb. Mar. Agt. May J mac July Aug. Sept. Oct. Nos. Dcc.

1969
Red King
Silver

125 140
98 113

143 138 115 113 107 110 1 IS 123
93 99 98

1966
Red King
Silver

100 100 105 110 107 95
88 88 83 83 95 98

105 105

1967
Red King
Silver

95
83

90 103
83 83

88 90
75 78

91
81

1966
Red King
Silver

95
78

93
75

118 100 88

1962
Red King
Sdver

73 70 05
60 59

73 75
05 63

75
00

73
00

70
80

73
59

ttotei Prices are mid-point of price range indicated in the data so+roe.

Sources U5, Department of the interior, Btsreaa of Cornrnerctal Fisheries, 1969, tstiddte Atlantic fishery trends 1969  and
precetfing anntsal ssttses, oariosuly tstled!.

held in tanks or ponds until fully ripe, at which time
they are usuaHy anesthetized and stripped of eggs
and sperm. { In this process, the female is destroyed,
but this species would die after spawning in any
event.! The fertilized eggs are transferred to incu-
bator trays, at densities of 7,500 eggs or more per
tray. Water of reasonably constant texnperature
Rows continuously through these trays, which are
genexaHy arranged in stacks. Water flows through
a typical 16-tray stack at the rate of nine gallons
per minute   Johnson et al, 1968!. Jaxnes Eagleton
 personal communication! recommends a Row rate
of three to five gaHons per minute per stack. An
incubation temperature of ll'C �2 F plus or
xninus 5'! is usuaHy recotnxnended; prolonged tem-
peratures above 15 C �0'F! and below 5'C
�2'F! are not desirable.

Restring of jttoertf les. The eggs held at 52'F may
be expected to hatch in about 50 days. According
to Anthony Novotny  personal communication!, sil-
ver salmon eggs and fxy can be raised satisfactorily
in water with a salinity as high as IO o/oo. Higher
salinities, however, could be detrimental. Brackish
water would prevent occurrence of freshwater fun-
gus and other diseases.

Usually the newly hatched salxnon, or alevins,

are aHowed to remain in the trays until their yolk
sac is coxnpletely absorbed, after which they are
transferred to tanks, troughs or holding pools. In
xnost salmon hatcheries, the fry are not fed until
the yolk sac has disappeared  Stewart, 1971!, be-
cause the sac apparently provides sufficient nourish-
ment dttring this period.

The Rsh, at this point referred to as flngerlings,
are then coxnpletely dependent upon outside sources
for nutrition. For Rngerlings, optimum texnperatuxe
appears to be in the neighborhood of 13'C �5 F
plus or minus 5'!, Relatively little feeding takes
place at temperatures below 47'F, while the young
fish are highly susceptible to disease at temperatures
a.bove 60'F.

Silver salmon Rngerlings may be imxnediately fed
dry foods, At the Palmer Hatchery in Massachu-
setts, food types include Ewos, which is xnanufac-
tured in Sweden, and varieties of Strike and Silver-
cup, which are produced doxnestically. In general,
best results are obtained when the flsh are fed
small amoimts fretluent]y during the day. In certain
hatcheries, a dry mash is used as a starter food, and
as the fish grow larger they get the Oregon Moist
PeHet or other types of peHetized food, Feeding
rate depends greatly upon temperature. During the



summer months, when feeding is most active, the
young fish may be fed at a rate of four percent of
their body weight each day.

During the fmgeriing stage, or prior to develop-
ment into smolts, the fish generaHy have been reared
in fresh water. Otto and McInemey �970! report
that this species shows no preference for water with
sabnity in excess of 14 o/oo prior to smoltification,
and they conclude that it could oot physiologicaHy
tolerate seawater of full strength during most of
the pre-smolt period, However, Rsh beld in brackish
water approximately of 10 o/oo show greater growth
rates, food intakes and conversion ef8ciencies than
those held at salinihcs of 0, 5, 15, 20 and 25 o/oo.
Canagaratram �959! found that over a ten-week
period silver salmon fry initially measuring 3,6 and
4.2 centimeters in length grew significantly faster in
water of salinities of 12 o/oo and 18 o/oo, respec-
tively, than did control groups in fresh water. The
youn.g of this species appear to be somewhat more
tolerant of higher salinities than those of the Atlan-
tic salmon  Safmo salar! which, as fry, failed to sur-
vive at salinities of 15 o/oo  Saunders and Hender-
son, 1969a!.

Because of the dangers of oxygen reduction,
waste metabolite accumulation, and spread of in-
fectious disease, stocking density per unit volume is
an important factor in the culture of this species, as
it is for other salmonids. Wood �968! concluded
that if densities exceeded four pounds of Rsb per
gallon per minute of water flow, disease could be-
come a serious problem, Graphs indicating optimum
population densities under different water flow
rates have been prepared by Westers �970!. It
would appear that under reasonably favorable con-
ditions of water temperature and How rate, a stock-
ing density of one pound of fish per cubic foot of
water is readily attained. Xovotny  personal com-
munication! considers this to be reasonable in
areas of moderate tidal How.

In their natural nursery areas, silver salmon
usually become smolts approximately one year after
hatching, at which time they descend the streams
to the sea. However, Garrison �965! found that
salmon fry released in a tidal estuary became smolts
within a period of 90 days, attaining a length of 12
centimeters aud a weight of 19.6 grams. More re-
cently, fry weighing approximately 22 grams, when
transferred to a saltwater environment, increased

in weight to 310 grams within a six-month period
 Anon�1970!. Less satisfactory rates of growth
were obtained by Baird �953!, although bis ex-
periments were perhaps made difficult by low water
temperatures. Mosher  personal communication!
has provided the following statement regarding
the acchrnation of silver salmon fry to salt water:
We feel that optimum growth will be achieved

if the Coho fry are put into one third salt �0 o/oo!
at two grams, aod kept at that salimty until they
are ten grams, By then, kidney development should
be adequate for satisfactory growth in fuH salt
wa.ter. Temperature should be 10' to 12'C for best
growth,"

Joyner  personal conununication! states that
growth rate appears to vary directly with tempera-
ture in the 7.5' to 13,5'C range, but that the inci-
dence of disease increases markedly at temperatures
above l2 C in the saltwater environment. Mosher
 personal communication ! indicates that if fry
weighing two grams are transferred directly from
fresh water to seawater with a salinity of 30 o/oo,
only 50 percent may be expected to survive.

Data from Mabnken et al �970! indicate that
silver salmon hatched early in the year and reared
in a freshwater environment may weigh 20 grams
by the end of that year.  Based on references cited
above, it may be assumed that this period might be
shortened somewhat by transferring the fingerhngs
to brackish water at an earlier stage,! Mabnken et
al �970! indicate that in a saltwater environment
an average weight of nearly 500 grams, or shghtly
over one pound, could be obtained during an addi-
tionaI eight-month period, and that the fish might
weigh in excess of 2500 grams, or Sve pounds,
within two and one-half years after hatching. No-
votny   personal communication ! feels that this
species could be reared to a marketable size of
slightly less than one pound in a period of appmxi-
mately one year.

Food, Fish reared on a diet of Oregon Moist Pel-
lets show a «xmversion of 1,5, i.e�1.5 pounds of food
are required to produce one pound of fisb  Mahn-
ken et al, 1970!. This conversion eBiciency is rela-
tively high; stiH it is evident that inexpensive foods
would be desirable in a coxamercial operation, Of
course a major advantage in pelletized foods is that
they may be stored readily in large quantities.

Working with tbe Atlantic salmon  Salmo saltsr!,



Gunstrorn �970! obtained a conversion of 1.5 also,
but the food, manufactured at the rearing facility,
cost only $0.10 per pound to produce. By contrast
Oregon Moist PeHets cost about $0.165 per pound.
The food, described by Gunstrorn, is a mixture of
"... autolysed, predigested ground-Rsh, Ssh meal,
various cereal additives, vitamins, and sea food by-
products high in carotenoid pigments, such as
shrimp offal. The end product is a moist peHet that
is eagerly accepted by the Bsh," Gunstrom antici-
pates that food costs wHI be further reduced as the
processing becomes more fully automated. This par-
ticular facility wiH require two to three million
pounds of food each year.

According to Johnson et al �968!, the Abernathy
PeHet, which is similar to the Oregon Moist PeHet
in price, Is an important food in many of the west-
ern states' hatcheries, either as a starter mash or in
peHetized form,

Baird �953! reared silver salmon primarily on a
diet of mummichogs  Fundulus heterochius!, inter-
spersed with alewives and alewife roe, herring,
smelts and smelt roe, and liver, Saunders and Hen-
derson   1969a ! report that vitamin deSciencies
appeared to occur among Atlantic salmon reared on
a diet predominantly of herring, attributing this to
the relatively high amounts of thiaminase in herring.

Rearing Enoirortments. According to Iversen
�968!, the return of salmon released frotn hatch-
eries on the PaciSc coast to their native streams, ap-
proximates one percent even when, in the case of
silver salmon, they were released at an age of 14
months. From a commercial point of view, it would
appear more practical to attempt to rear the Ssh in
controlled or semi-controlled environments, in
which food and maintenance costs might be more
than compensated for by high survival.

Burrows and Combs �968! have described a con-
troHed environment for salmon culture in which
water volume requirements are reduced by approxi-
mately 95 percent. In it, thc water is constantly re-
conditioned through a system of Slters and steriliz-
ers, and daily makeup water is only Bve percent
of total volume. Ammonia is removed by nitrifying
bacteria colonizing Biter beds, carbon dioxide is
removed and oxygen replenished by physical agita-
tion of the water and pathogenic organisms are
eliminated through ultra-violet radiation and Sltra-
tion.

This system has been incorporated into a large
salmonid rearing facility in Nova Scotia  Gunstrorn,
1970!, where trout  Salmo gairdneri and Saloelinus
fontinalis! and Atlantic salmon are being raised to
market size in artiBcial pools, Fry reared in an ad-
jacent hatchery building are transferred to the out-
door pools, where both temperature and salinity are
regulated to promote rapid growth, Over 90 percent
of the water is re-used, which aHows for "... con-
servation of water, removal of organic and nitrog-
enous wastes, lower heating costs; as a result,
easier control of the rearing environment," The fry
are adapted to salt water as rapidly as possible.
According to Gunstrorn, "Sea ~ater supplies trace
minerals which are absorbed through their skin and
gills. It lowers the disease probability, as the ma-
jority of Bsh diseases encountered at hatcheries are
freshwater borne," To date furunculosis, a common
disease in freshwater hatcheries, has not been a
problem at this facility.

The rearing pools at this facility are for the most
part circular, The larger ones � one is planned to be
135 feet in diameter � contain their own Rltcring sys-
tem, which consists essentially of a sheH and gravel
bottom that may be back-Hushed periodicaHy, The
sludge is then col/ected by net. Burrows and Cheno-
weth �970! have recommended the use of rectang-
ular holding pools which in their opinion offer cer-
tain advantages over circular pools;  a.! greater
ease and efficiency in the use of automated cleaning
devices and  b.! a more efficient circulation pat-
tern, which produces Hsh with greater stamina and
higher survival potential.'

A diRerent type of holding system has been de-
scribed by Mahnken et al �970!; this one uses
cages and pens constructed of nylon netting and
supported by styrofoam Roats. After acclimation to
moderate salinities, the fry of silver salmon are
transferred to these holding devices, where the salin-
ity approximates 30 o/oo. In this case, tidal Rushing
through the pens performs various functions: re-
plenishes oxygen, removes carbon dioxide and nitrog-
enous waste and provides supplementary food in
the form of planktonic organisms. Under these con-
ditions, with a tidal How rate of up to 0.5 knot,
Ssh may be reared to market size at densities of two

' Since this ueNag, the Kooa Scotia' facility, hat tMuted
Opettttiafl.



pounds per cubic foot of holding space, The com-
bination of tidal currents aud favorable water tem-
peratures, which range froxn 8'C �6'F! to 14'C
�7~F! are perhaps the critical features of this
operation.

Mxxjor Technical Problems, The major technical
problems in rearing silver salmon to marketable size
on a coxnmercial scale are in the areas of disease,
food and feeding and temperature control.

The major pxoblem in intensive Bsh culture tradi-
tionally bas been that of detecting disease or its
causes, and of controlling epidexnics effectively. In
recent years, great advances have been made in
the understanding and control of disease among
salmonids; certain of these have been reviewed by
Herman �970!. As he points out, "In their natural
environments, Bshes suffer from a variety of dis-
eases. Under artiBcial cultural conditions, these dis-
eases may be magniBed many times and result in
catastrophic losses. In addition, in Bsh culture we
see diseases which have not been reported in the
natural environment."

In his review of various approaches to disease
prevention and contxol, he points out the xnore ixn-
portant as adequate rate of water liow, xnodexate
population densities, suitable temperatures, diets of
high nutritional value, the use of dry foods where
possible and the use of antibiotics. Klontz and An-
derson �970! have reported that many species of
salmonids can be immunized by antigens of infec-
tious agents, at the same time emphasizing that
more work in this area is needed. For silver salmon,
Fujihara �969! has described immunization of
juvenile Bsh against bacterial infecbon by oral ad-
ministration, hfacLean and Yoder �970! have xe-
poxted a kidney disease among sabnon in Lake
Michigan that they attribute to bacterial infection
in Bsh under physiological stress, which in tuxn
may have resulted from Iow oxygen concentrations.

Certain diseases, such as furunculosis, are asso-
ciated with the freshwater environment, However,
Mahnken et al �970! have reported occuxrences
of freshwater diseases, including furunculosis,
among sahnon held in salt water; these authors
believe that the disease organisms are harbored in
the tissues from the time of incubation in fresh
water and proliferate when the Bsh is stressed at the
time it is initially introduced int'o salt water. These
authors also describe the oxsmrrence of Vibrio, a

saltwater disease resulting from bacteriaI infection,
among their populations, but they believe that
rapid water circulation and maintenance of tem-
peratures below 14'C �7 F! wiII reduce infection
to a xninimum, Nelson et al   1969! have reported
that Vibrio may be controlled to a degree by oral
vaccinations administered in the diet.

As in disease control, important advances have
been made in recent years in suitable diets for sal-
monids. Recently developed foods, such as those
described by Westgate �969!, would appear to
satisfy xnost of the nutritional requirements of sal-
mon. However, the costs of both food and feeding
remain one of the major expenses in Bsh culture
operations, Lindroth �963! has estixnated that for
salmon hatcheries in Sweden over one-third of the
total operating cost results solely from the purchase
of food.

Feeding is automated in some hatcheries, but not
in others where certain preferred foods are moist
and have a tendency to clog up food dispensers. At
the world's largest salmon hatchery on the Cowlitz
River in Washington, feeding is still done by hand
 Stewart, 197l!, which could become a costly pro-
cedure in a commercial operation. Rather than pur-
chasing prepared foods, certain facilities xnanufac-
ture their own reportedly at lower cost Since fresh
Bsh is a norxnal, if not essential, component in tbe
diet of salmon, it is obvious that substantial amounts
of low-cost Bsh must be available.  One facility
reportedly requires up to Ify' pounds of trash Bsh
pex year for this purpose. !

Maintenance of proper water temperature is cxiti-
caI in the culture of salmonids. Brett �952! deter-
mined the upper lethal limit of fxy of the Genus
Oncorhynchus to be 25'C �7'F!, but recom-
mended that maximum temperatures for intensive
cu!ture are roughly 20 F lower than this. Brett also
found that even after acclimation to temperatures
of 5 C �1 F!, the young of silver salmon could
not tolerate temperatures of O'C {32=F! for ex-
tended periods { four days !,

At Lake Charlotte, Nova Scotia, Sea Pool FIsh-
eries Ltd., a private Bsh-reaxing concern, used boiI-
ers, rated at 800 horsepower and delivering 20
xniIIion BTUs pex hour, to maintain suitable tem-
peratures in the rearing pooh nine months of "
year  Gunstrom, 1970!. In this case, xnuch of tbe
water is recircuIated. A portion of the heat is re-



tained, but an estimated ten percent of the annual
operating cost is for power aud fuel. Johnson et al
�968!, in estimating the cost of heating water for
a salmon hatchery in Michigan, gave a cost range
of $0.45 to $0,51 per pound of smolt produced,
depending upon whether gas or oil is used, For the
New England area, culture of salmon in inshore
areas for extended periods of time would require
means for heating the water during the winter, Al-
ternatively, eggs or fry could be started in fresh
spring water, the temperature of which generaHy
approximates 10'C �0'F!. Saline water could
graduaHy be introduced to maintain an optimal
salinity for growth and reduce the incidence of
disease. The smolt would be transferred to brackish
or salt water in early spring with the assumption
that they would attain a marketable size by the fall
of that year, Salmon smolt would probably not sur-
vive the inshore water temperatures of 0 C or less
in New England in winter, although Baird �953!
held salmon successfuHy at temperatures as low as
4~C �9'F!, Such an operation, however, would be
limited to northern New England since the summer
water temperatures from Cape Cod southward ap-
proach the upper lethal limit for this species. Data
from Mahnken et al �970! indicate that this
species increases in weight at temperatures ranging
from 8O to 14oC �8o to 57oF! but that growth
rate decreases at the lower portion of this tempera-
ture range, Temperature data calculated by Dow
�969! for Boothbay Harbor, Maine, indicate that
in parts of Maine this species can be expected to
grow satisfactorily for perhaps &re months during
the year. Since it has been reported  Anon., 1970!
that the silver salmon reared in a marine envimn-
ment increased in weight from 0.7 ounce to ten
ounces in less than six months, it should be possible
to produce a marketable product in this period of
time in northern New England.

Production Costs

The following discussion of production costs in-
cludes an estimate for a hypothetical or model
plant, and an analysis of the effect of changes in
critical design assumptions on produchon costs.
Whdc the cost estimates were derived from known
parameters insofar as possible, they should not be
regarded as precise. Costs actuaHy incurred by a
commercial enterprise depend on quantitative and

qualitative resourrx. characteristics of the produc-
tion site and the spectgc system design chosen. Any
aquacultural system contains elements which must
be tailored to the particular site and environment
considered. Site selection and system design shoukl
involve engineers and biologists in order that the
optimal system be chosen for the particular site
involved, The following discussion outlines what
costs wouhl be incurred under parameters obtained
or extrapolated'from the literature  see State of the
Art!. Until tested under pilot plant conditions, these
parameters and the costs which are based upon
them should be regarded only as rough approxima-
tions.

To obtain an idea of costs, the cost data presented
by Shields and Veinot �969! have been adjusted
as described in the following paragraphs.

Food Costts. Shields and Veinot �989! used a
price of $0.18 per pound for food, This appears to
be unrealisticaHy high for New England, and a
price of $0,12 per pound has been used instead.
This price is based on salmon food price quota-
tions F,O.B. Westerly, Rhode Island,

Grouth Rates autf Plant Utilization, ShieMs and
Veinot use a system with 10s pounds capacity at
a maximum Bsh size of l,l pound per fish. This
weight per fuh might be reached by Coho after
about eight months of growth in seawater  Mahn-
ken et al, 1970!. Mahnken et al also report that au
additional ten months of ocean growth will pro-
duce 6sh averaging about Sve pounds each, Using
these ~ rates, we assume that a one-pound
fish can be grown in eight months, at plant capacity
of liy' pounds. By removing the fish at a rate equal
to their growth over the remaining three months,
plant capacity is utilized more fuHy and a greater
annual production is possible. Spcci8caHy, 1.822 X
10' pounds could be produced at the facility each
year.

Cost of Smolts, Smolts are assumed to be pur-
chased from hatcheries ready for stocking in sea-
water, Coho smolts are available from Michigan
at a cost of $1.80 per pound for fLsh weighing about
.05 pound each. Supphes might also be made avail-
able by the state of Massachusetts,

Heating Costs. Since we are assuming Hsh would
be marketed prior to the onset of winter, water
heating is necessary only during late winter and



TaMe 4 Ig. Summary of annual operaung cost per pounrl
of round sa]mon.

Cost Io Cestts tsar
Pouost of Satmoa

Sbie!rto Ad-
attrt j usted

Vebtot Cost
Dif-

ference

Feed
Direct labor
Water
Heat exchange water
Fingerlings/smolt
Maintenance
Overhead
Depreciation
Interest g 15% of average value

31.1 24
6.6 6.6
61! 5 l '
2.6 0

12.9 12.0
2.6 2.6
9.0 9.0

14.5 14.5
0 15.4

� 7.1
0

� 1.7
� 2.6
� 0.9

0
0
0

+15.4

Tots]s
Hound weight:
Dressed weight:

86.1 89.2
IO1.3 104.9

+ 3,1
3.6

' Scrsferf doum for utrre months jfosa.

Sources Shteisjs, W. D. ancf Veirsot, J. A, 1989. Strait of
Cense fish farm feasibility study, p, 65.

Table 4-17. Comparison of projected costs for 12-month operation using cage culture during summer months to augment
production.

Average Cost ~oat Cost
I Runout!a pertort

 tn cossts Per Isoom»

24.0
4.1
5,1

11,3

9 nsontbs 12 mont!w
tla Ssoosand dollars!

9 months IR ~
t!st cestts per posmtt!

389.0 62R.1
106.9 106.9
82.8 1322

110.0
195,0 195.0
42.2 422

145.8 145.8
73.0 73.0

RSO.O R50.0

1284.5 M772

Feed
Direct labor
Water
Heat exchange
Fingerlings/smolt
Maintenance
Overhead
Depreciation
Interest �5% of average value!

24,0 24,0
6.6 4,1
51 51

4.2
12.0 7,5
2,6 1.6
9.0 5.6
4,5 2.8

15.4 9.6

792 64.5Toto! round weight

Total Production  in thousands of pounds! � 9 ruonths � 16RO, 12 months � 2590.

early spring. Since water inflow is slight for fish of
this size, heating costs svould bc nunor.

Interest Charges. The Shie]ds and Vei»ot �969!
cost analysis did not iiiclude a cliarge for interest
on investment. An interest c]iargc of 15 percent on
average value is included.

Ststrtrrtrtry oj Prorfuction Costs, Table 4-16 pre-
sents the coniponents of productiori cost as esti-
mated by Shields and Veinot and the adjiistments
described in the preceding discussion. The com-
bined effect of these adjustments has been a cost
mcrease of about $0.03 per pound. Average costs
 $0.89 per pound! would appear prohibitive since
it must be assumed that salmon of this size would
be sold in trout rnarkcts which are generally about
$0.50 tp $0.60 who]esa]e.

Effect of Varlfing Design Assumptions. The costs
presented in table 4-16 involve a closed cycle,
capital intensive system, used only nine months per
year, By adding heating facibties, it is possible to
maintain the growth of the fish throughout the year
at rates comparable to the summer months. The
facility could, therefore, prodttce an estimated 60
percent more in total pounds per year. Sales would
begin in September and the total stock would be
liquidated by December to snake room for new
smolts, Under proper conditions, it tnight be pos-
sible to trarisfer young f]sh into low-cost coastal
cages for growth in the summer. Cage cu]tttre
would require that extra stnolts bo held during the
winter anrl early spring. At this time of year, the
capital intensive plant wou]d otherwise be operat-

ing at less than full capacity because pf the sma]l
bioniass of smolts. Such a system woilld
possible to incrrasc total production at the cost of
niodcst increases in water f]ows, ]abor and cages.

To show the effect on production costs of extend-
ing t]te growing cycle in the tank, table 4-17 has
been prepared. Additional food costs are propor-
tional to additional biomass, The estimate of heat-
ing costs is based on an average water f]ow for 10e



~ed 5 <  94 F! at a cost of 38 ><
10 per BTU. AdditionaI vvater pumping costs are
proportional to additional biomass. The marginal
cost incurred is about $0,45 per pound of salmon.

lowers average cost from approximately g.79
to ij'0.85 per pound. The costs of cage-rearing in a
marine environment are rsot known at this time.
However, if operated in eoxsjunction with the capital
intensive system just described, the small Ssh to be
transplanted would incur only negligible labor and
feed costs. No additional plant capacity would be
needed. Of course, some assurance of exclusive
right to the water celuusn being used wouk1 be de-
sirable, if not a prerequisite.

If both variations were combined, it is possible
that average costs couM be brought within the
range of commercial feasibility,

The Asnerkan tobster  Hcsmarvs arnericanvs!

Supply and Demand
Supply. Current suppIies of the American lob-

ster are comprised of }assdings in New England
 principaUy in Maine!, isnports from Canada  pri-
marily from the Atiarstic Provinces ! and minor
landings from the Middle Atlantic states. United
States landings have been approximately 31 to 38 !<
liy' pounds per year during the past decade, Ca-
nadian landings during the period have been about
35 to 50 X 10 pounds per year. Combined landings
have been about 88 to 84 !< 10' pounds per year,

The maximum sustainable yield of Homaras
americanvs has been estirrsated to be 32,000 metric
tons or 70.5 !< Iiy' pounds for the Northwest At-
lantic inshore Sshery  Lossghurst, 1989!. While the
precision of this estimate is dificult to judge, it is
widely believed that substantial increases in natural
supplies for the inshore fishery are unlikely to occur
on a sustained basis; obviously increases which re
suit in stock depletion cannot be sustained and
would result in subsequent diminution of supphes.

The magnitude of ofFshore lobster resources is
unknown; however, exploitation has begun to a
small extent, The rate of development is not possible
to predict at this time. If one assumes that exploita-
tion of the offshore resouxce stabilizes or proceeds
very slowly, anticipated grovvth in demand wiII lead
t ' 1 b t pnces. Conversely, rapid increaseto rising o ster prices.
in e loitation of offshore +~ auld '~+

s tabilization of lobster prices at current levels
or lower. The time trend is uncertain, Price trends
wfiI reflect demand and supply trends, and are con-
sequently uncertain too. Preliminary evidence at
this writing suggests that offshore stocks are more
limited than originally thought and that yield in-
creases from oS'shore stocks will be modest.

Demand. Three aspects of demand are particu-
larly relevant to aquaculture, These include mag-
nitude, time rate of change and seasonal variation,
In magnitude of demand, lobsters are one of the
most important commercial species both for price
and aggregate market volume. A supply increase of
10 pounds would represent only a one to two per-
cent increase in supplies available for U.S. con-
sumption.

The time rate of change of demand is influenced
by pnpu]ation growth, growth in per capita income
and the income elasticity of demand for lobsters.
Growth in per capita demand snay be anticipated to
be proportional to growth in per capita income; this
factor of proportionality is the income elasticity of
demand, Working Paper No. 53  April IKO! by the
Bureau of Commercial Fisheries reports the income
elasticity of demand for lobsters as 2.i'. Assuming
a 1.5 percent anmsal growth in per capita real in-
come, the annual growth in per capita demand
would be about three percent. This means that
about three percent annual growth in per capita
supplies would be absorbed with no impact on
price, If coupled with a 1,5 percent population
growth rate, a 4.6 percent annual growth in aggre-
gate supplies could be absorbed with stable prices,
This increase represents more than the minimum
annual sales level of $10s. If per capita supplies
from natural stocks remain stable, lobster prices
would increase by about 5 percent per year. This
projection is based on a price elasifcity of � 0.6
 Working Paper No. 53!. This rate of price increase
is useful in projecting the time at which lobster cul-
ture might become proBtable. Assuming a produc-
tion cost of $1.55 per pound  see section on produc-
tion costs! and a 30 percent proSt margin, a
wholesale price of about $2.00 would be expected to
attract capital. This would represent a 33 percent in-
crease over 1988 wholesale prices. At a 5 percent
price rise per year, this would occur in six years,
or during the mid-1970s. Allowing for a two-year
development phase, full-scale production could not



be reached before this tiine, even if cxnrstruction
were begun immediately.

An analysis of receipts and prices at the Fulton
Fish Market, Hew York City, indicates signi6cant
seasonal variatio~s in demand, The method of analy-
sis used was a regression of monthly lobster prices
over a 6ve-year period against monthly lobster re-
ceipts and 12 "dummy" variables, one for each
month of thr year. The analysis indicated significant
increases in demand for the months of February
through September with the exception of March and
June. By marketing during the February-September
period, a controlled culture unit could receive prices
above the aiinual average.

Some data have been published on lobster can-
sumption patterns according to socio-economic char-
acteristics. These data are published by the Bureau
of Commercial Fisheries  now re-named the Na-
tional Marine Fisheries Service! in Working Paper
No. 50, A suroey of fish purchases by socio-economic
charrrcteristics  April 1%0!, These data include a
cross-classi6cation of annual per capita lobster con-
surnption by race, religion, income level, occupa-
tion, education and region.

The three racial categories included are Negro,
Caucasian and other. Per capita consumption by
whites exceeded that of blacks by a factor of almost
three; however, per capita consiimption in the
"other" category was almost three times that of
whites. Pcr capita consumption was highest for
Catholic respondents, followed by Protestant and
Jewish respondents,

Per capita consumption by income category shows
a strong income effect with the exception of the
$1,000 to $2,000 annual income bracket. Consump
tion in this bracket was inexplicably high and was
exceeded only by consumption in the highest in-
corne bradret, Consumption by occupation shows
substantially higher consumption by respondents in
the two categories of craftsmen and foremen, and
clerical and sales. Consumption by respondents with
less than four years of high school was more than
double that of the next highest category, college
graduates, These occupational and educational pat-
terns may in part explain the peculiarly high con-
sumption pattern in the fl,OOO to g,OOO income
category.

Consumption by region showed, not surprisingly,
that per capita consumption in New England was

12 times greater than the next highest region, the
South Atlantic. The East South Central and !griddle
Atlantic states were about tied for third and fourth
ranking in per capita consumption.

It is apparent that signi6cant differences exist in
consumption Ieveb within racial, ethnic, income,
occupational and regional categories. These differ-
ences should be considered in designing a market-
ing program, but information more detailed than
in the preceding overview would be necessary,

State of the Art
The American lobster has been cultured through

all stages of its life cycle at the Massachusetts State
Lobster Hatchery and Research Station in Oak
Bluffs  IIughes, 1988!. A similar hatchiry facility
has recently been established on Vancouver Island,
Canada   Fisheries Research Board of Canada,
Nanaimo, British Columbia!. The following account
of methodology relates priinarily to techniques de-
veloped at the Massachusetts faciBty.

Reproduction, Female lobsters may be sexually
mature when they have attained a carapace length
of approximately 70 millimeters, although most
females mature at a somewhat larger size, Immedi-
ately after a female has molted, she is isolated with
a male lobster of approximately the same size in
a tank of fiowing seawater. At this time, she is re-
ceptive and attractive to thc male. The male ferti-
lizes the female by turning her over on her back
and, by means of the first pair of abdominal ap-
pendages, inserting a packet of spermatazoa in her
seminal receptahle. After copulation, the male is
removed from the tank, and the female is kept in
isolation. She is held in constantly flowing water
and fed regularly on a diet of fresh shell6sh or 6sh
scraps. The container in which she is held need only
be slightly longer on each side than her total length
and suf6ciently deep, e,g.. 50 centimeters, to permit
satisfactory extnision of the eggs.

In southern Massachusetts, where ambient coastal
water temperatures range from a rninimurn near
I'C in winter to a rnaximurn of 25'C in summer,
a period of approximately nine to 12 months is
required before the eggs are extruded, The number
of eggs extruded per female varies directly vrith
size, varying from less than 10,000 in the case of
a 75-millimeter  carapace length! fernale lobster
to over 50,000 in the case of a female twice this



length. The fernale lies on her hack, with h<:«1
pointed upward, the II< xcd tail forming a pocket,
The eggs are extruded, i<utilize l by the sperm re-
tained withirr th< seminal r  c< ptacle, and cement< d
in a cluster to her abdomeri.

In the temperature rairg< sin cifi< d alx>vc, armth< r
12-nionth period may be required before the eggs
mature. !latching usually begins .rs «mhicrrt tem-
peratures reach approximate!y 20"C and is cs»»-
pleted within a period  >f a few <lays. The !arva<
are capabh of swirr>ming inrme<liat«lv; it  r hatch-
ing and are cx>1!cote ! at u plastic- nesh scr <n >»-
stalled at the ovcrf!ow pipe in th» hatch>ng tarrk.

Hughes �970! has rep<>rtc<l that in <>nc case,
s the period between mating and hatchirrg of thc

eggs was reduced to approximately 11 months by
maintaining the fertilized fenrul<1 at ternperatur<s
approximating 20'C,

Rearing of Lrrrr><re. The larvae are tranferred
from thc hatching tank to circular rearing tanks
through which seawater is vigorously circulated,
Such tanks are preferred as a means of preventing
the canniba!istic !arvac fronr vmgregatirrg, The
larvae may lie held at densities of 50 per liter, but
percentage survival increases with decreasing p rp-
ulation density. They sirhsist on hnely-groririd clam
meat or brine shrinrp, thc latter being preferable
because it is less hke!y to furr! the c<>ntainer. In a
new hatchery in British Columbia, 70 percent sur-
vival of the larvae from 6rst to fourth stage has
been reported  KVi!der, 1970!.

The larval period is considered to terminate after
the third niolt after hatching, at which time the
lobster has a well developed pair of claws that ex-
tend anteriorly. Since they normally seek the bot-
tom at this time, th< lobsters are either transterred
to individual contain< rs or p!aced in large con-
tainers in which shelter is provided in the form of
shells, rocks, etc. The duration of the larval period
dependS upOn ambient terrrperatures, ternrinating
within a period of nine da» after hatching at a
mean temperahrre of 22'C, but lasting as long as
32 days at 14'C.

Kens!er �970! cu!tured larvae at 27'C and ac-
cidenta!ly, at 31'C witliout appreciable morta!ities.
At 25=C, lobster larvae reached the fourth stage in
nine days.

Reariirg of JrroeniIes. The juvenile stage is con-

si<l< red to be that pi rind between the third larval
ir>0!t anrl atta1'�<n<'11t  >f Sesu'rl �!aturity,

Because of their carrrrihalistic tendencies and

their vulr>erability to other lobsters immediately
after molting, h>bsters have been reared to maturity
only in isolated tanks or containers, through which
water Hows continuously or is recycled through
s<ritablc fr!ters. U»dcr conditions prevai!ing at the
Massachus<tts r raring facility, svhere the lobsters
are held in smal! cornpartmerrts at ambient water
t<urrp<ratrrrCS, the jr>Venile periOd eXtendS far ap-
proximat<'Iy five years. I!uring this time, they are
fed fresh fish, Bsh scraps, and shel�sh, At optimum
s; lir>ity and oxygen concentration, i.e., 30 o/oo and
6,4 nril!igrarns of oxvgc» per liter, lobsters fail to
survive at temperatures exceeding 32" C   Mc-
Lers<, 1%6!.

Recent experiments at the Massachusetts facility
indicate that the entire growth period of the lob-
st<;r from fertilized egg to marketable size may be
shortened cons iderah!y by appropriate tempera-
ture manipulation.  As indicated above, an O'C
elevation in temperature may reduce the larval
period hy a f;rct<>r of nearly four.! The period re-
quired lor development of extruded eggs, for ex-
ar»pie, may be appreciably reduced by maintaining
water tcnrperatures at 20"C, without subsequent ill
effects to the larvae. Similarly, rnoltrng fre<iuencv
among juveniles has been markedly accelerated sim-
ply by holding them at higher-than-normal tem-
peratures. Since growth proc xsds in stepwise fash-
ion svith each molt, it seems that, assuining ade-
quate food, the growth rate can be accelerated by
increasing metabolic rate through temperature ma-
nipulation.

As an example, a group of lobsters that hatched
during the summer of 1968 at the Massachusetts
facility were held at temperahires ranging from
20'C to 26'C, beginning November 1, 1969. By Oc-
tober, 1970, these lobsters had an average carapace
length of 88 rnillirneters and an average weight of
243 grams compared with a control group of the
same age but held at ambient temperatures, that
averaged 43 miBimeters in carapace length and 83
grams in weight. These data indicate that it should
be possible to rear newly-hatched !arvae to a rnar-
ketable size of nearly one pound within a two- to
three-year period if water temperature is regulated,
Experiments bere have indicated that lobsters may



be held successfully in water that is seldom re-
newed, other than to maintain the appropriate salin-
ity, but that is aerated and recirculated constantly
through glass wooI filters.

Food. Perhaps the major economic factor to be
considered in rearing lobsters is supplying adequate
food It has been estimated  Hughes and Matthies-
sen, 1962! that approximately 15 pounds, wet
weight, of food is required to produce a one-pound
lobster. More recentIy, however, Hughes �970!
has estimated that a more realistic conversion would
be four to one, wet-weight basis. These calculations
were based upon feeding pre-weigbed amounts of
food to individual lobsters in isolated containers.
Included were clams  Mya are naria!, scallops
 Aeqaipecten irradians!, snails  Littorina Iittorea!,
mussels  hf ytifur edulis!, quahogs  Mercenaria u3er-
cenaria! and starfish  Asterias forbesi!, The lobsters
were weighed at the beginning and end of consecu-
tive feeding intervals.  The casts of these lobsters
were also consumed shortly after molting, !

It would appear from this that the food cost in
the rearing of lobsters in captivity to marketable
size would not be prohibitive, assuming the ready
availability of such low-cost foods as mussels, star-
fish and snaib. Another alternative would depend
on accessibility to fish processing and Sleting plants
where, in some cases, bags of frozen Bsb scraps
may be soId for as little as ll5.00 per ton.

Some success has also been achieved with artifl-
ciaI foods, although the present data are fragmen-
tary, Gels obtained from seaweed extracts, i.e., car-
rageenens, have been employed as a vehicle for
various nutritious substances, including Gsh flour,
@h meal, and cat food; lobsters supplied these diets
have molted normaUy. Trout food in pellet form,
containing various proteins, vitamins, minerals and
trace elements, also has been fed to lobsters, but
conversiou figures are not available at present.

Major Techruca/ Problems. At the present time,
the major technical problems that might hmit the
profitable culture of lobsters through all stages of
their life cycle are cannibalism, disease and the
volume aud rate pf water circulation per individual
lobster.

The problem of cannibalism is most serious dur-
ing the larval and early juvenile stages when it is
unpractical to hold and feed large numbers of buy
lobsters in individual containers, The feeding and

maintenance of large numbers of larger lobsters in
individual containers, although not dissimilar in
mncept to modem poultry-raising techniques, also
borders on the impractical in view of the relatively
slow maturation and, hence, production rate of
lobsters,

The following notes on a report by D, J. Scarrat
 Fisheries Research Board of Canada, 1970! are of
interest,

Analysis of stomach contents indicates that lob-
ster diet is rich in calcium  Fisheries Research
Board of Canada, 1970!. The suggestion was
advanced that cannibalism in holding condi-
hons might be associated with a high calcium
requirement, and the problem might be avoided
if a calcium-rich diet is provided. This was
supported by the report that cannibalism was
no problem among lobsters that were fed regu-
larly on whole shrimp  D. E. Aiken!, or whole
soft-shell clams  M. W, Gilgan!. A calcium-
rich prepared food has been developed, con-
sisting of a gelied mixture �0 percent solids,
50 percent water! of spiny lobster carapace,
squid, Ulorr, and Enterornorpha  G. 0, Schu-
mann!, The mixture is high in vitamins, can
be stored in frozen form, and leaves little tank
residue.

Lobsters held under crowded conditions may at
times experience high mortalities. Aside from more
obvious and easily remedied in8uences  such as
inadequate oxygen supply!, influx of copper ions
from the circulating system, air leaks at the suction
end of the circulating system, decomposition of
excessive organic matter and the presence of in-
secticides, lobsters are also susceptible to bacterial
diseases about which relat'ively little is known. Pos-
sibly the most serious of these is gaffkemia, often
referred to as "red-tail"  Rabin and Hughes, 1968!,
the cause of which is known to be the bacterium
Gagyka homari.

Finally, the fundamental requirements of a lob-
ster for space and rate of water circulation in a
closed system should be considered. It has been
found in holding experiments, for example, that a
mimrnum volume of two gallons of water should be
provided for each pound of lobster. If, for the pur-
pose of maximizing rate of growth, lobsters are held
at 21'C, the ratio cf rate of water flow   gallons per



minute! to pounds of lobsters is approximately I:30
 Goggins, 1967!. At 10 C, the ratio improves to 1
gallon to 55 pounds of lobsters. In other words, the
population density may be almost doubled at the
lower tetnperature, but rate of growth would be
sharply reduced.

Cultstre in the Natural EnoironrnerLt, The previ-
ous sections discussed some of the methods and
problems associated with the culture of lobsters
under artificial conditions. An alternative approach
would be to make use of natural areas, subject to
some degree of environxnental control, The cost of
rearing facilities, water renewal, temperature con-
trol systems, and possibly food might be eliminated
or, at least, reduced.

Once an appropriate area has been selected for
culture, lobster populations might be established
either by releasing them from a lobster hatching
facility or by attracting natural populations to cul-
ture areas and sub-legal-sized ones to holding cages.

Methods for hatching and rearing larval lobsters
have been described in the previous section. Since
1950, the Massachusetts State lobster Hatchery has
reared larval lobsters each year for release in vari-
ous areas of the Commonwealth. Annual produc-
tion has averaged 250,000 fourth-stage lobsters. Un-
fortunately, it has not been possible to release large
quantities of these lobsters in any one particular
area, and evidence that the release of larvae into
the natural environment signi6cantly improves local
lobster Bsherics is lacking, Certainly it is possible
that mortalities among the hatchery-reared lobsters
may be high, or that the lobsters may eventually
wander from the area in which they were originally
planted, In any event, there is some question as to
whether the risk inherent in this approach is eco-
nomically justi6able in terms of a commercial op-
eration unless the area selected for culture is sub-
ject to soxne degree of environmental control.

Some evidence has been presented that both
larval and juvenile lobsters occurring naturally in
the enviroxunent might be attracted to, and concen-
trated in, selected culture areas. Ingle and Witham
�968! have described a method for collecting post-
larval spiny lobsters  Ponxdfrus argus!, simply by
suspending a particular' type of arti6cial substrate,
resembling natura! clumps of algae, in areas where
both larval and post-larval stages occur. The results,
however, were reportedly erratic. Dow { 1969! has

reported an inBnx of American lobsters into arti-
Rcially-created habitats consisting of rocks and ce-
ment blocks. However, a question still remains on
the reliability of this approach in terms of the num-
bers that might be attracted and induced to remain.

Scarrat �970! has described what amounts to a
lobster-holding operation recently initiated m Scot-
land in which lobsters are captured and heIR in
underwater cages installed on the bottom of the
sea until the most favorable market conditions pre-
vail. The cages measure 36 feet x 36 feet x 18 feet
deep and are stocked with 4,000 lobsters each.
Twice weekly. skin-divers supply the lobsters food
in the form of trash fxsh. Apparently the shellfish
also And supplementary nutrition in the form of
epiphytes grnwing upon the sides of the cages. Data
on the survival of the lobsters and on the econoxnic
sdability of this operation are not available.

If lobsters are cultured in the natural environ-
ment, means mxxst be provided for preventing egress
ot the lobsters from the selected area, for pre-
venting loss through natural predation and for pro-
viding supplementary food if the area is densely
populated, It is conceivable that a fenced-oK area
of bottom supplied with stone, rubble or cinder
block, in which the lobsters might take refuge from
enemies and to which food is regularly provided,
might satisfy these problems. Data on the survival
of 'lobsters held for extended periods under such
conditions are not available, since lobster pound
operations are generally short-term and involve
hoMing of marketable-size lobsters only. The fact
that uncertainties exist in this approach is indicated
by a report by Dow �969!. Of a group of fourth-
stage lobsters introduced into an abandoned lobster
pound, only an estimated ten percent survived to
the following year, although in this case no effort
was made to control predators other than by plac-
ing screening on the face of the pound.

Th.e major deterrent to thc comxnercial culture
of lobsters under natural conditions in New Eng-
land is the fxve years required for newly hatched
lobsters to attain legal marketable size, Dxxring thjs
period, they may be vulnerable to such factors as
predation, cannibalism and disease, which over a
five-year period might appreciably reduce the
eventual harvest. However, as Dow  personal com-
munication j points out, this rate of growth does not
compare unfavorably with that for certain other
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species in Iv]aine waters, including the clam, oyster,
sea scallop and northern shrimp.

Bow �969! has described a possible approach to
this problem, suggesting the use of the heated
efBuent from e]ectric generating plants to help ac-
celerate growth rate in a natural area. Lobsters
are initially attracted to the area by the provision
of artiBcial shelter, e,g,, roc]rs, cement b]ocks, etc.
It xnay be possible to regulate the surrounding wa-
ter tetnperature as we]l as retain the lobsters within
the area by incorporation of "encapsulating" struc-
tures. At the present time, it is too ear]y to evaluate
either the economics or the tedmica] feasibility of
this approach,

As compared with the culture of lobsters under
totally artiBcial environments like tanks or sxtiBcia]
poo]s cu]ture in natural areas  other than in cages!
will be implicated by the process of capture. This
tnight be particularly true if they are provided with
shelter designed to protect them from their ene-
tnies, since they might then be all the more diBicult
to capture at the time of harvest.

Prodttctiott Costs

The fo]lowing discussion of production costs for
lobsters is adapted from an unpublished pre]imi-
nary study by Kramer, Chin, and Maya, Consulting
Engineers, Seattle, Washington. Heating costs have
been modiBed as discussed below.

Water Heating. The Kramer, Chin, and Mayo
�969! preliminaxy study is based on seasonal tem-
peratures in Puget Sound. Using seasonal water
temperatUre patterns of Martha's Vineyard, ap-
proximately 172 degree-tnonths additional heat
would be required. This contrasts with 141 for
puget Sound, and imphes a 2R percent higher cast
factor for heating water. Heat for the bui]ding couhl
be supplied by energy lasses fxcm pump engines
andjor electrical generating facilities.

The magnitude of heating costs depends upon.
the cost of heat energy, on the units of water to be
heated and on the propctsed temperature increase.
Accordingly, we have revised the Kramer, Chin,
and Mayo estimate of heating cost to reBect prob-
able heating costs in southern New England.

The Bow rate of new water used by Kramer,
and Mayo is 1.44 X 10 ga]]ons per day

 GPD!. At a density of 8.7 pounds per gallon this

Imp]ies an annua] f]ow of 4,57 X ]0a
pounds ofwater to be warmed, On a per

nual Bow is about 9.15 X 10s funds
pound of lobster per year,

For Martha's Vineyard, each ~und
water flow must be raised an avenge f 8> ;
�4,3'F!. With a spec]Bc heat of p94
nual per unit Bow of 9-15 X 10s
ris impges the expenditure of 123 X 10
per pound of lobster.

The cost of a BTU depends on the energy source
and its cost. If Bunker C oil were used at a price of
$9.12 per ga]]on and an energy content of 1.5 X
ill BTU per ga]]on, each BTU would cost about
+.0 X 10 . At 123 X 10 BTU per pound of lob-
ster for heating mater, this implies a cost of 90.098
per pound of lobster for water heating.s

Bearing in mind the preceding modiBcations, we
present a cost summary in tab]e 4-18.

Effects of Vtxrtjing Crittctrl Parasneters, We in-
vestigated the possibility of avoiding transfer of
lobsters by bui]ding all full-sized cages. A cost re-
duction of three man years  of 829,000! per year, or
about six cents per pound of lobster, could be
achieved. However, an additional capital outlay of
$].9 X 10' would be required, based on 60 percent
survival through thc Brst year, The annual mats
on this out]ay woold be about ten times the reduc-
tion in labor cnsts. Un]ess capital costs could be
substantially reduced, lengthening the production

Tabk 4-18. Cost soromary for lobster coltttre so a coo~
o o VlIOB$18IW



cycle incurs greater Bxed costs per unit of product
it could save in labor, Ilowever, based on per-

sonal communications with R. Mayo, it is br.]icved
that their capital c<>sts arc excessive. Reduced labor
costs might well justify the construction of full-sized
individual cages.

We investigated the effect of reducing heat re-
rluirements by operating at lower terrrpcraturr s for
a longer production cycle. Production c~ts exclu-
sive of heat input amour>t to about 87,88 g l P per
year at a production scale of 5 X 19' INnrnds pcr
year. If the production period were extended to four
years, these costs would rise by onc third to 510.$ y.
Hy' per year, an increase of $2,84 X lfP for an
exluivalent annual production. The saving in heat
input, even if all heat input were eliminated, would
be only 54.9 X IIP. In fact, however, «ll the heat
supplement could not be eliminated unless the pro-
duction period were lengthened to five years. We
conclude that lengthening the production cycle is
not warranted by the savings in heating costs,

Two other possibilities exist for reducing thc pro-
jected heating cost of Q.10 per pound of lobster,
One way is to mor'e completely close the system to
lessen the injection of water from ambient sources.
As noted in the biological review, salinity control,
aeration, and recirculation through glass wool filters
are adequate for holding lobsters. The effectiveness
of such a system for growth over a long period and
for a commercial-scale operation is not known, An-
other possibility is to select a site with warmer
water. This might be possible by using the thermal
enrichment provided by power plants, The maxi-
rnum summer temperature of thermallywnriched
waters should not exceed 32, C  89'F! at which
lobsters fail to survive {Mcleese, 1956!-

The largest single cost item is in annual capital
cost. Of the total capital investment exclusive of the
water supply system, about 45 percent is the cost
of individual holding cages for two- and three-year-
old lobsters. Thus, elimination of holding cages po-
tentially reduces the capital costs by 45 percent. or
about g0,34 per pound,  This might be done by
using elongated trouglrs partitioned into individual
compartments by screens.! If a cannibahsm con-
trol mechanism could be developed  through spe-
cialized diets, for example! it would clearly lower
costs to the range of commercial feasibility, Addi-
tionally, it would be of great value to the present

in reducing the costs of lobster pounds.
Whcthcr a cannibalism control mechanism, genetic,

chemical, or mechanical, could be devel-
oped is speculative at this tinrc and warrants fur-
ther experimentation

Food cost is second only to capital cost in relative
importance. Availability of a suitable food at $0,05
per pound instead of $0.06 could reduce production
costs by as much as 80,05 per pound of lobster. As
noted in the earlier bio-technical review, frozen
fish scraps from fuh processinglfllleting plants are
sometimes available at lI5.00 per ton. Also noted
earlier  Hughes, l970! was a conversion ratio of
approximately four to one in experiments in indi-
vidual cages, This ratio instead of the five to one
used would reduce food costs by 20 percent. At a
food price of $0.05 per pound this implies a @.05
per pound reduction in the cost of production.

Thc discussion of production cost has assumed a
market size of one pound, This generally equab or
exceeds minimum legal size restrictions on possession
of lobsters. The market acceptability of smaller lob-
sters is not known since no observations exist. How-
ever, the fact that "chicken" lobsters sell at premium
prices suggests no consumer aversion to smrrller
lobsters, The possibility exists, therefore, that a
smaller-sized lobster could be marketed if acmpt-
able under the law. Production of smaller-sized
lobsters would reduce inventory costs and mortality
risks, By appropriate phasing, it should also permit
some reduction in heating costs.

Summary of Production Cost Anafysrs, Strpply
and Demand Aspects. Commercial lobster culture
at current average ex-vessel prices does not appear
feasible. However, at wholesale and off-season
prices, production is approaching commercial feasi-
bility, although the profit margin is low, This situ-
ation appears certain to improve with time in view
of the strong income elasticity of demand for lob-
sters   K< � 2.1! and limited potential for increases

rratural supplies.
Certain variables in the projected budget could

improve the prospects for conunercial feasibility.
M«t notably these include  a! development of
techniciues, genetic, chemical, or mechanical, to

te cannibalism and the necessity for indi-
vrduai cages;  b! development of lower rxrst feed
forces and/or impmvements in feed conversion



efficiency;  e! availability of low cost sources of
thermal energy to raise water temperatures,  d!
more complete closing of the system to reduce the
need for injection of new water which requires
beating, and  e! marketing of lobsters at sub-
legal size.

The importance of water temperature in produc-
tion costs suggests that efforts at commercial pro-
duction should seriously consider sites south of
Cape Cod or sites where thermal enrichment raises

water temperatures. In the latter case, considerable
attention to water quality factors would be impera-
tive.

Tbe growth stage for which knowledge is least
developed is the juvenile stage   fourth stage
through legal size!. There is a need for more ex-
perirnental information during this stage on sur-
vival rates, low-cost acceptable foods, growth rates
in relation to temperature and methods by which
cannibalism can be eliminated.



5. Environmental and Institutional Considerations

Certain technical and economic considerations
relevant to commercial aquaculture in New Eng-
land have ~n discussed in preceding sections. The
purpose of this section is to review various environ-
mental and iustitutiona] factors that roust be con-
sidered.

The complexity of these factors is evident when it
is realized that the land-water interface, the prob-
able site of aquafarming, is the nation's most sought-
after terrain; moreover, such competition can pose
a threat to the maintenance of high quality water,
to access to the shoreline, and to assertion of
exclusive Bshing  culture! rights, all of which
are vital to the aquafarmer. Conversely, an aqua-
farm may be regarded as a form of pollution if, for
example, Hsh and/or she]IHsh processing facilities
are involved or if aesthetically unpleasing appurte-
nances like rafts, pilings or Hoating cages are in-
sta]led.

The aquaculturist must locate the proper site for
his operations, acquire some form of exclusive Hsh-
ing rights and assure himse]f of the continued func-
tioning of his operation. He is faced with a spec-
trum of problems that are particularly acute along
the relatively highly developed New Eng]and shore-
line. These prob]ems are reviewed below,

Mu]tip]e Use

lt is valuable to delineate those uses that pres-
ently exist in estuaries and embayrnents and that
are potentially competitive with aquaculture, and
to indicate their growth potential so that levels of
competition for the sites can be inferred. A more
complete study of the multiple use prob]em is con-
tained in the National EstuarlI Sttufy, U.S. Depart-
ment of the Interior, Vol, 5, Appendix F, 1970. The
estuarine uses have been classiHed therein as  a!
water transportation,  b! extractive industries,  c!
water utilization and discharge,  d! urbanization,
 e! recreation and education, and  f! commercial
Hsheries.

Water Transportation
Ship Building. Recent actions by the federal gov-

ernment indicate that a considerable expansion will
take place in the merchant marine Hect over the
next several years. Thc Merchant Marine Act of
1970  P,L 91-469! is designed to provide the ship.

ping industry with a large modern Hect. P]ans in-
clude building, 300 new ships over the next ten years
whi]e modernizing shipyards.

Port Operations. Land-based facilities will be ex-
panded and modernized to handle the off-loading
requirements of the new ships.

Harbor and Channel Construction. Many of our
existing harbor faci]ities are beconung obsolete
because deeper draft vessels are being built. Studies
indicate that modernizing existing facilities is on]y
one answer, Alternatives exist for deve]oping new
ports in less congested areas, rehabilitating central-
ized or other selected ports and building offshore
multi-purpose termina]s.

Ext r actiee Industries

Petroleum Mining. Although offshore exploration
has been carried on off the New England coast, no
test drilling has been done yet. Whether a viable
offshore industry will exist on the New England
coast is not known. However, the industry predicts
intensiHed activity over the next decade. The cur-
rent "energy crisis" greatly increases the probability
of drilling off New England.

Hard tfineral Mining. Presently, the only hard
mineral mining is done by dredging and is limited
to sulfur, sand, gravel and oyster shell. Sand and
gravel dredging results in one biHion tons per year
for the country, but is currently economical on]y
when supplies are near use sites. The uses of this
resource are for aggregate in concrete structures
and highways, and for beach replenishment; there-
fore, large projects of these types will indicate po-
tential mining sites. Oyster shell dredging is mainly
a southern industry with its northerly extent in New
Jersey. Sulfur production is limited to Louisiana and
Texas. Meta] mining does not appear to be a near-
term potential industry for coastal New England.

Solu6en Mining. Salt, magnesium and its com-
pounds, aud bromine are the present products of
this industry. Sodium chloride is the most important
product of this industry as approximately 30 per-
cent of world demand is met from this source.
Ninety percent of this country's magnesium and 50
percent of the bromine come from solution mining,
Texas is the major location of the industry. Desalina-
tion plants, a source of brine, may change the pic-
ture somewhat because these plants are being
designed to use heat from nuclear power plants.



Water Utilization and Discharge
Klectric Porkier Plants. It is projected that electri-

cal power generated by coastal power plants wiH
increase dramatically, Speci6cally, power generation
by coastal power plants is forecast to be 5,79 X 10"
watts by 1980 versus 2.33 X 10" watts in 1966
 Ratio»al Estuarine Study, vol. IV, 1969!, In 1967,
there were 19 such plants in operation along the
New England coastline Since this time, several
more plants, or units, have gone into operation or
are under construction and others are in the plan-
ning stage. Public concern with air pollution wiH
augur well for nuclear vs. fossil fuel construction,
but because present nuclear plants are somewhat less
ef6cient, more thermal addition may be expected per
megawatt of power generated. Even though steam-
electric systems may provide a valuable tool for
aquaculture in New England and elsewhere, the
long-term effects of plant operations upon the ecol-
ogy of bays and estuaries is the subject of continu-
ing research and debate. Furthermore, nuclear
plants require substantial acreage for buffer zones
against operational hazards.

Desahnatio» Plants, Present design concepts com-
bine desalination with nuclear power plants so that
pumping and heating costs can be shared. These
plants are likely to be built in areas of short and/or
poor water supply and increasing urbanization so
the New England states are unlikely candidates.

Waste DisposaL During the next 6ve years, some
$8 to 10 billion have been proposed for waste
treatment operations; $1.5 biHion of this for New
England alone. Redamation of primary treatment
waste water looks promising in lieu of discharging
it into estuaries. Los Angeles County estimates
reclamation costs at $0.02 to $0.03 per 1,000 gallons.

Other Poilsstant Discharges. Organics, metaHic
chemicals, insecticides, pesticides, detergents and
agricultural and mining runaK may be present in
the receiving waters of an estuary.

Housing. In a 196T report to the House Commit-
tee on Merchant Marine and Fisheries, the Bureau
of Sport Fisheries and Wildlife, U.S. Department
of the Interior, predicted that by l975 housing de-
velopments will become the leading cause of the
loss of estuarine areas through dredge and 6H opera-

tions to create waterfront sites. The creation of
arti6cial islands in estuaries also is being contem-
plated,

I»dustry Those industries requiring bulk raw
materials or large volumes of water for processing
are expected to acquire estuarine property.

Tra»sportatio», The major user in this classi6ca-
tion, other than waterborne systems, is air trans-
portation, The extension and creation of additional
airport facilities, especially to handle jumbo jets,
has necessitated land6H operations and stimulated
the investigation of arti6cial islands.

Recreation and Kducatio»

Activities listed under this heading generally do
not represent a con6ict with aquaculture on the
basis of ecological damage to an area. Potential
con6icts develop largely on the basis of area use and
aesthetics.

Sport Fishing. According to 1965 data, some
eight miHion Americans spent $800 miHion doHars
on this sport, Estuaries and coastal areas received
the greatest attention as the predominant species
caught are estuarine-dependent.

Wildlife. In 1965, it was estimated that over 1.5
million waterfowl hunters in the nation spent $87
million dollars on this sport. In addition, approxi-
mately ten miHion non-hunters participated in bird-
watching and wildlife photography.

Su:irnr»ing, Sup»g and Slain Dicing. Approxi-
mately $I.5 bdlion were spent nationaHy on water
sports, implying that those areas with high water
quality and beaches receive the greatest interest.

Boating. Recreational boating generates approxi-
mately $650 miHion per year in business in the
country. Approximately 25 percent of aH boating
activity is in coastal water.

Education and Research. Increasing concern vrith
tbe country's coastal waters has caused the planning
and building of research facilities, puhHc and pri-
vaie, on estuarine shores, The President's Commis-
sion on Marine Science, Engineering, and Re-
sources recommended expenditures of $30 miHion
per year for education and research on estuaries
aud coasts waters,

Cor»rnercial Flshi»g
Approximately 85 percent of the value of the

U5, 6shery catch has been attnbuted to the con-



tinental shelf region, while over 60 percent, or some
AGO millron, has been attributed directly to estu-
arine-dependent species. The needs on which these
species depend range from permanent habitat to
food sources, spawning areas and passages from
fresh to saline water. For the country as a whole,
government projections of edible Bsh and shellBsh
are six billion pounds by 1975, over eight billion by
1985, and over 13 bi]lion by 2000, New preservation
and packaging techniques are expected to increase
markets. Growing affiuencc is expected to increase
demand for luxury products. Most of the projected
improvement in Rshing technology is seen as affect-
ing the fleets, rather than indicating expansion in
shoreside facilities. Aquaculture is the tnain sector
of commercial Bshing that has been projected to
require extended Bxed estuarine facilities,

Use Cosnpatib fifties
The preceding discussion of estuary users indi-

cates little of the interactions to be expected among
the users. The existence of one type of us,er may
preclude or enhance the operations of another type,
A precise evaluation of the effect of one or more
users on others depends on thc particular estuary's
land and water characteristics and on the particular
user types. The Watiorral Estuary Study  VoL 5,
Appendix F, Chapter III, p. 62! points out, "The
need to accommodate the various interests involved
will require highly sensitive multiple use estuary
planning and allocation of potential reserves for
aquaculture industries."

Generalizations can be made about the sxsmpati-
bility of the various estrrary users and summarized
in tabular form. QuaIitative ratings, such as those
shown in table 5-1  Rational Estuary Study! are
a.lways open to debate; however, in a generalized
form, they can serve as a "caveat to the potential
aquaculturist.

Table S-l. Estuarine user compatibility with aquaculture.

Water transportation medium
very kow
lmv

vessels construction
channel construction
shoreside coostrucnon

!petroleum mining
solution mining
bottom mining

very low

very low

this classiBcation, those areas devoted to housing,
port facilities, industry, etc. were excluded so that
only relatively undeveloped coastline was consid-
ered as potential for recreation. Table 5-2 sets
forth the potential coastline by state, type of terrain
and ownership.

From these data, it is apparent that of the total
detarled coastline of New England, which is 6,130
miles long, only 60 percent, or approximately 3,600
miles, remains for further recreational consideration.
Of this, some 70 percent, or 2,600 miles, of detailed
coast, is in Maine and is to a great extent bluff or
rocky shore, The bluff classiBcation for Yew Eng-
land �,023 miles! has been estimated to contain
beaches over approximately one-half its extent. In
addition, some 381 miles are separately classiBed as
beach, As a result, some 1,900 miles of shoreline,
rnadc up of beach �81! and bluff with beach
�,511! is of signiBcant interest to those pIanning
recreational facilities for our population over the
next decades, It seems unwise, then, to consider
the part of the coast having beaches as potential
sites for aquafarrning operations, at least at this
time, An additional point which supports this ob-
servation is that much of the beach extent is on

relatively open coast, exposed to surf and storms.
On the other hand, many of the beaches, especially
in southern New England, are barrier bars with

Land SiLe Availability

housing
commercial industry
airport, highway

Recreation/education sport fishing
swirnnung, diving
boating
~ facihttes

Potential Acailability
In determining which areas of the New England

coast are suitable for aquafarming operations, it is
of value to investigate those areas classiBed as
"recreational" shoreline by the President's Com-
mission on Marine Science, Engineering, and Re-
sources  Vol. I, Chapter III, p. 18!. In arriving at

Water use and discharge power generation
desalination
sewage disposal very low

low

high
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brackish lagoons and salt ponds located behind the
beach. These areas should certainly enter considera-
tion for locating aquaculture operations,

Deetructiort anrt Alteratiort

Considering the previous discussion on the part
of the coast classiBed as beach, a multiple use prob-
lem was implied by thc potential recreational use of
these segments of the coast. A similar problem exists
for the marsh classi6cation, Fishery scientists, re-
source managers and conservationists are increas-
ingly concerned with the intertidal salt marshes of
this country. The result has been legislation includ-
ing the Coastal Wetlands Preservation Bill, Marsh-
lands Zoning l,aw and Green Acres Program, The
increasing tempo of public concern, and the ensuing
legislation, are certain to accelerate the marshland
acquisition programs already underway in New
England.

If conservation of marshlands is deemed in the
public interest, there is a little doubt that these
areas of high productivity are in dire need of pro-
tection from dredging and Blling operations and de-
teriorating water quality. The resulting legislation,
however, can have the characteristics of a double-
edged sword for the aquafarmer in that the preser-
vation of the marsh and mtuary is assured by
prohibiting corntnercial development, including
aquafarmingl Therefore, unless the legislation is
sufficiently Hexible, the coastal aquafarmer may fmd
himself in the position of being unable to use these
nutrient-rich waters or locate his operation in ap-
propriately protected waters contiguous to the wet-

lands. There is need for a sensitive and weII-consid-
ered zorung or allocation plan so that uses that do
not detract from tbe area may be permitted to op-
erate in it

If conservation of the coastal zone is desired by
the public, there must be an accelerated protection
or acquisition program. Table 54 has been adopted
from the data in Wildlife Wetktnds and ShelifLsh
Areas of the Atlantic Coast Zone by G, P. Spinner,
American Ceographical Society, Folio 16, New York
City, and from tbe U.S. Fish and Wildlife Report to
the Hottse Committee on Merchent Marine and
Firhertet 1967. Causes for the physical destruction
of wetlands in coastal New England were compiled
by the Bureau of Sport Fisheries and Wildlife, De-
partment of the Interior, Region 5, Boston, and
were presented in a series of reports  Coastal Wet-
lends Inoetttory! in June, 1965, Table 5-4 is a corn-
pilation of these reports which covered the ten-year
period 1954-64, The data is presented as a percent
of total wetland loss for each state, attributable to
specific causes. In these reports are data on the
availability of wetlands in each county of the state
as of 1964, and an estimate of the vulnerability of
each county's wetlands. This information can be
used by the potential aquaculturist to focus on
particular regions of each state and to afford him
an estimate of the level of intensity of the multiple
use problem. It is noted that discrepancies exist
between tables 5-3 and 5-5, especially regarding
tbe wetlands of Maine, The June, 1965, report of the
Bureau of Sport Fisheries and Wildlife, on the
wetlands of Maine points out that of some 96,406



acres, aPProximately 80,800 acres wtre in mud-
flats and other terrain types laid bare at l«w tide.
However, adjusting for this classiflctttion d«es not
account for the discrepancy; it appears tt> originate
from differences in the de6nition of the w«rd wet-
land." A comparison of the two investigations does,
however, show the rate of destrucaort of habitat of
interest to the aquafarrner and indicates tht loca-
tion of potential sites.

Fish and Game, Plans call for the acquisition of an
additional 7,100 acres in the next several years, as-
suming sufficient funds are available. The remaining
3,500 acres or less will belong to local governments
or conservation organizations or be in private own-
ership,

I hade Island, About 900 acres of salt marsh are
owned by the state, more will be acquired as funds
become available to the Department of Natural Re-
s«nrem. A Green Acres Bond Issue to provide funds
for acquisition was defeated recently.

Marrachtssetts. The state can obtain land by con-
demnation, A wetlands protective area in onc town
was rect'ntly established covt ring 3,300 acres. The
legislature appropriated an additional $500,000 for
access to inlattd and coastal waters.

¹w Hampshire. Most of the acquisition is done
by the Society for the Protection of New Hamp-
shire Forests and thc state Audubon Society, Public

C onsert>at on PIarsr

The following paragraphs set forth by statr thr
various programs for salt tnarsh actluisitit>n anti can
serve as a guide for thc potential aquafarmcr. This
information was extracted from the Rational Fsttt-
arIf Sttsdtj, U.S. Department of the Interior, Vt>I. 7,

Contract ctst. The state had 28,500 acres of tidal
marsh m 1914; less than 14,800 remained in 1989.
Of these, 4,200 are owns' by the state Board of

TaMe $3, Record of estuary snd wetlands rtrstrtsetton �0-ytar per ad. 1954-64!.'

Asncrlcan  saogrntt>hkal Ractsty U. 8. ~ aad %0dttfs Ssrrtcr

I~ tn Dredge Nrt
nnd VII Estuary

 ln seine! Qn atrsa!

Total Rstttaty
Area

 la arrest

Coastal
Wetlands
 la acres!

Important
Habitat

 ta acrrnl

Nat
Wattaada
gn anna!

11,544
2,050

44,695
5,910

R8.88R

93,081

Wstlaads
Destroyed
 tn acres!

2,100
900

2,000
1,000
1,000

Conn.
R. I.
Mass,
N,H,
Maine

18,200
13,800
R9,000
9,000

14,300

14.744
R,200

45,895
e,oeo

29,182

20,300
14,700
31.000
10,000
15,300

3 it,600
94,700

207,000
12,400
39,400

3,200
150

1,ROO
150
300

TaMs M. Cansse of wetland losses   percent ol state total !.

Conn.
R, I.
Mass.
N, H.

Island

Hnasing

48
8

16

50

14
11

22 4
24
61
ll
29

16
4

34
50

17

' Misc. fiU c ossificatio used»>hen ss tirnate stse of fi Ied ansa toes»nhnou>n
Sa»rce> U.S. Department of the Interior, tsstreast of Sport F shet in and t rtld tfe, 1965 C~ ~~ b ~

' A, G, S. taoist  ration defines estssart>t as area brtn>am head ands and important habitat as that part of area Irss than sts
fief tn depth,  Tab es 5-5 and 5-6 contain conflicting data from other tn»est get i>ne,!

Sources.  J.! Spi»nrr, C. P.,  969. Wttdfifr u.'er ands and she  fish areas of the hthtnttc coast cone, American Geographtoa  So
ctettt, Fo to 18, New york, �.! U.S. Sport Ftshertes and IVt d tfe I sport to the I ense of Itspresentett»es Committee on Itder-
chant Marine and Fisheries, 1967.



ownership of wetlands totals about 500 acres of
coastal marsh and 2,000 of inland wetlands. A wet-
land acquisition priority hst totals I7,925 acres,

Maitre. Both the Inland Fisheries and Game
Department and the State Parks Commission have

Table M. 1984 wettcands acreage snd vulnerability, by county.

Vsctosrsbtttty'
Coocrty
Total

Conn.:
F airfield
New Haven
MicMleser
New London

987 33 100
4~ 702 1,023
1,922 1,563 985

613 1,026 1,550

1,1RO
6,080
4.470
3,189

R.L:
Bristol
Newport
Wasbington

724 21
74 454 156

358 240 165

1,512

400
2,300

7BO

40,817

N.H.c
ltocktnghacn
S~

9,780

l�ciOO

' Vcdrcerebdity ClasrtiScatton: �! a ceetlaccd tcc cehtth a fcrcoceo egest is adoersely affecting the area er is ~ to do so
ceithio fioe years; �! a eetlarcd to cehtch uo ksocoa agent is adoersely afacttccg the area, but v:here a possibility exists, and �!
a eastland for crhich rco loss is arctictpated.

Souroe; U5 Departrrceat of the iaterior, Bureau of Sport Fisheries and Wildlife, Regiea 5, 1965. Cocotal ~ tcroerctory,
Boston.

Mass.:
5arnstable
Bristol
Dukes
Essex
Nantudcet
Pl~
Sumolk

htaioe:
Cccca~

Knox
Lincoln
P~
Sa~
Waldo
Wssbington
York

8,03R
R,8R3

14,370

5,485
550

20,875
12,440
R,720
3,090

8,820
R,500

24,530
8,345

coastal land acquisition programs, and the State
Parks Commission owns 22 miles of waterfront. The
federal Bureau of Sport Fisheries and Wildlife is
acquiring about 4,000 acres of salt marsh as a Na-
tional WiMIife Itefuge and to date has acquired

13,153
2,623

400
17.550

720
5,601

$70

20.875
14,340
2,720
3,090

630
&,ORO
2,500

37~
8,345



1,318 acres. The Nature Conservancy acquired sev-
eral areas of islands to add to seacoast holdings,

Site SeIection Aids

The Water Quality Office, Environmental Pro-
tection Agency, Needham, Massachusetts  Edward
Wong!, has recently produced the first of an atlas
set for the coastal states of Nesv England. The
Shellfish Atlas of Connecticut  February 1970!, is a
series of 15 large charts covering the coastline of
the state. The charts show location of wetlands, re-
gions where different species of shellfish arc har-
vested and the location of prohibited or shellfish
closure areas. Food and Drug Admin'istration, New
England Technical Services Unit, Construction Bat-
talion Center, Davisville, Rhode Island  Robe* A.
Campbell! has produced coastal charts delineating
shellfishing areas by species and closure areas. Their
prime responsibility is to regulate sanitary shcllfish
in interstate commerce and to evaluate and aid
related work by state agencies. These investigations
are potentially valuab!c planning tools for a pro-
spective aquaculturist and can also be used as base
maps for entering data on zoning regulations and
information from the state planning and develop-
ment deparhnents on Future commercial, nwidentiaI
and recreational developments in each area, The
prohibited shellfish areas or regions of water pollu-
tion are current evaluations but do not specify the
degree of pollution or the type, In addition, they
do not take into account a state's goals for water
quality rnsprovement. These all must bc considered
by the potential aqvafarrncr and can be entered on
these base charts.

Thc preceding section on estuarine and wetlands
loss or physical destruction of potential sites does
not include information on regional deterioration of
water quality and its e6ects on the productivity of
the remaining area. The extent and magnitude of
destructive biological eHccts will depend on the
end use of the filled land, treatment facilities, and
the size and circulation of thc remaining estuary-
wetlands system.

Water Quality

General Discussion

A viable aquaculture industry in Yew England
will depend to a great extent upon the availability

of clean water, whether the species being cultured
are being held under natural conditions or artifi-
cially m tanks or pools. Because of economic con-
sidr:rations, probably most aquaculture production
will be harvested or reach market size in natural

areas, namely, bays, estuaries and salt ponds, Many
of these areas, though otherwise potentially suitable,
are closed, or perhaps wfiI bc closed, to food pro-
duction because of pollution. Even hatchery opera-
tions or controlled environment systems are vulner-
able to increasing levels of water polh~tion, if the
major source of water is derived from the natural
environment,

There has been much confusion about the use of
the svorrI "pollution," A working definition, given
by 1!r. Clarence M. Tarzwell, senior research ad-
viser, National Marine Water Quality Laboratory,
Environmental Protection Agency, West Kingston,
Rhode Island, is "the aklition of any material or
any change in the quality or character of a water
that interferes with, lessens, or destroys a desired
use." There is a decided emphasis on "use," and
under this definition a pollutant is any material or
change which damages use. Thcrcforc, if a material
or change in quality does not interfere with any
desired usc, it is not pollution. "Pollutant" is a term
that is also very loosely used. Certain materials,
such as trace elements, and certain fertilizing rnate-
rials, such as nitrates and phosphates are needed
for satisfactory growth, There are also certain other
physical parameters such as temperature and the
presence of specific amounts of dissolved gases and
metallic salts which are required for good biologic
growth. However, when the temperature is too high
or too low and when the gases or salts occur in too
great or too little concentrations they become
harmful,

There ts a great need for knowledgeable planning
for the coastal zone of New England, which in-
cludes the need for knowledge of the range from
optimal to least acceptable of water quality require-
rnents for the species selected for aquafarming,
These needs are discussed later in this section; the
following is concerned with the present status of
water quality in this region,

Regional Problems
The magnitude of the coastal water quality prob-

lcrn of each of the h1ew England states can be



Table SA. Analysis of sbe118sh production

Otsen
Rate Acreage

areas  acres in thousands!,

43
28
17
70

158

93
116
42

350

Conn.
It.I.
Mass
Maine

Soureesi  I! Hoiiser, L. S. and F. S. Siloa, l96& iyational register of she8fish production arear. Shellfish Sanitatton Branch,
Department of Health, Zd«cation and Welfare, Washington. D,C.; �! Campbel/, R., 1970. Food o¹d Drug Admintstrggon,
Dactrvdle, Rhode Island, and �! Wong, E� 1970. Water Qaakfy Office, Fnoironmental Protection Agency, Needham, Mania-
c h«sette,

TaMe 8-7. Industrisd waste ~e by coastal state. 1983, in inillions of ga]Ious per day.

Total Waste Discharge

1%e. of
Ftsnhr Vohnne

No. of
Haute Voltnne

8
18
ll
12
15

144 294
56 36

226 351
43 392
28 82

85
ll
78
21
12

25 8
44
55
14

209 319
Il 44

304 395
64 447
40 96

Conn,
It,i.
Mass,
Maine
N.H.

So«rona Corin. Department of Herdth, R.I. Department of Natural Reso«ress, Mass. Department of Nat«ral Reso«reer,
Maine Department of Natural Reso«reer and X H. Departnient of Health.

learned from reports issued by the individual states
in accordance with the Water Quality Act of 1965,
which was one of two recent amendments to the
Federal Water PoHution Control Act  FWPCA!,
The Water Quality Act requires that standards for
interstate waters be set by thc states, and then be
approved as federal standards by the Secretary of
the Interior. The standards identify uses of the wa-
ters, including agricu]tura], municipal, industna],
recreational, fishery and wildlife. They indicate the
water quality necessary to support each use, and in-
clude plans to implement aud enforce this quality.
If the state-federal relationship is effective in car-
rying out the provisions of the Water Po]]ution
Contro] Act, a powerful instrument will have been
fashioned for the coastal zone system. At any rate,
the individual state's reports are valuable aids in
planning the location of aquafarrning industries.

The magnitude of the domestic sewage problem
in coastal waters can be evaluated by comparing
those areas closed to she]If]shing due to health
standa.rds with those areas known historicaHy to
produce sheHflsh. The data in tab]e 5-6 are adapted

from the Xtttfortal Register of Shellfish Production
Arerts �988, I S. Houser and F. J. Si]va, SheHflsh
SanitaNon Branch, U,S, Department of Health, Edu-
cation and Welfare! and recent work by the Food
and Drug Administration, Davisvil]e, Rhode Is]and
 ]L Campbcl]!, and the Water Quality Of]lce, Envi-
ronmental Protection Agency, Needham, Mass,  E.
Wang!.

The magnitude of the industrial waste prob]em
in the states becomes apparent, On]y the gross dis-
charge is shown in table 5-7; however, plant loca-
tions aud types of discharge can be obtained from
the state departments of health or natural resources,
or subdivisions thereof, To put the total 1963 New
England industrial waste discharge  I,300 miHion
gaHons per day! in perspective, one can imagine a
ribbon of waste water one foot deep and five feet
wide extending dong the 6,000-mile detai]ed coast-
line of New England being discharged eoertj dtttt
by industry, This water use does not include the
150 gaHons per day per capita estimated for domes-
tic water use,

Charts and defuutive descriptions of waters closed



to shellBshing are available from each state. These
demonstrate vividly the domestic pollution situation
in each region, as only the highest quality water,
SA," can be harvested for raw shellBsh consump-

tion without depuration, These charts present only
a partial picture of the situation in that the particu-
lar pollutant is not identiBed but only the resultant
dassilcation is listed if any one of the standards is
not rect ln most cases, the classification is based
almost entirely on coliform count. Therefore, al-
though the sewage may be very fertile in nitrogen
and phosphate compounds and beneBcial to shell-
fish growth, sheIIBsh may not be taken from these
areas because the sewage also contains coliform
bacteria,

Not only the extent of waste treatment by indus-
try and municipalities should be considered, but
abo the adequacy or intensiveness of treatment by
those organizations which do process their waste
water must be evaluated. There are indications that
even secondary treatment of domestic sewage is
inadequate. In many areas, the volume of sewage
and other organic wastes has increased to such an
extent that the ability of the receiving waters to
break down these tnaterials has been exceeded, In
areas of dense population, even the eRuents from
secondary treatment plants can overwhelm a water
body, While such plants may remove 85 percent of
the biological oxygen demand  BOD!, this fact is
misleading. The size of the total eBIuent Bow must
also be considered in determining the quantity of
residual BOD emission. Further, secondary treat-
ment plants as presently operated remove only a
portion of the waste materials and merely change
the form of the remainder, As a result, large quanti-
ties of nutrients are discharged  Tarzwell, 1988!,
An example of this Bow of plant nutrients due to
man's acnvities is given in table M for the state of
Connecticut   Frink, 1970!.

In addition to the flow of plant nutrients from
sewage treatment plants, the chlorination process
necessary to eliminate pathogenic organisms has
been shown to be detrimental to aquatic life, A
study of the Little Pattsxent River, extending over a
ten-year period, can serve as an example. Chu-Fa
Tsai, iVationaI Resources Institute, University of
Maryland  Chesapeake Science! found that near
the sewage outfall there was more than a 25 percent
reduction in species and 80 percent reduction in

individuals. Further downstream, in organically
enriched areas, the number of species was fairly
constant but the composition of the species
"changed sjgniScantly," Tsai conduded it was the
chlorinated sewage that caused the lowered Bsh
populations near the outfall rather than reduced
dissolved oxygen or pH or other physical change
iu the stream. A Bnal example of the inadequacy of
some treatment Procedures is indicated in a report
of the C~uncil on Economic Priorities, Washjngbm,
D.C.  Dec. 1970!, in which the paper industry's
pollution problems were investigated. It is reported
that the 24 paper companies used over two billion
gallons of water per day, nearly two-thirds of which
was discharged after inadequate beatment that did
not meet federal standards. One-third of the waste
water was discharged directly with no treatment.

Examples like the preceding ones are plentiful.
The main point is that both extensive and intensive
waste treatment are of concern to the aquafarmer.
Documentation stating that all efHuent in a particu-
lar estuary has been treated is not sufhcient infor-
mation for him to consider locating his operations
there, From this point of view, an ideal tool to solve
his plant location problem would be a system
through which he could supply his criteria, such as
water quality requirements, physical characteristics,
etc., and receive in return recommended locations.

Tabk 54. Kstimates of major plant uutrieuts iu annual waste
materiah from various souross in Connecticut.

waste Pboo-
Material ~ pbats
ebs tons! 0st tosn! fist tons!

13,500
7,500
3,800
1,MO

13,300
2,500
2,100
2,800

4~
1,600

840
280

3,100
1,300
1,000
1,400

Poop~,000,000
~100,000
B toilers � 12,000,000
Laye~,000,000
Dairy aud poultry feed
Dairy faun eetilizer
Otber agricultural fertile
Nou-agricultural ftuttliser
Protein produced iu

Connecticut
Protein imported into

Connecticut
hutomobile erbaust
Industrial fumes

1,500,000
1,500,000

240,000
80,000

444,000
26,100
29,100
25,600

3,800

14,000
38,000
44,000

Sources Frira!r, C. R., 1870. Ptuut trtertta rtnd oufruol
uxtate ~ Circular Yo. 237, Conneetirart Atretetdtueal
~ntent Stotkm, 1veto Haoeu, Conrrectteut.



In a rudimentary f'orm, thc optimal system exists
as an accomplishment of the National Estuarine
Pollution Study. The 1Vationrrl Estuarine Inrvntory
is its title and is the result of the assignment under
Section 5 gj �! of the Clean Waters Restoration
Act of 1966, "In conducting the... study, the
Secretary shall assemble, coordinate, and organize
all ex.isting information on the Nation's estuaries
and estuarine zones....

"The Irroentory is a compilation of the available
information on the coastal zones of the United
States. It includes a broad spectrum of information
ranging from the economic and ecological values of
each estuarine system through the impact of man's
use on each system to the needs for waste treatment
to enhance water quality."  Extracted from the
Preface to the Hanrfbook of Descriptors of tAe Na-
tional Estuarine lnoentory.! There are almost IOO
Estuarine Register Areas covering the Ycw Eng-
land coast from Maine through Connecticut. At the
present time, the completeness and quality of the
data available are reportedly highly variable. For
some regions the data are acceptablr.; for others
some of the data are relatively complete. Some data
are missing or incomplete. As a result, the present-
day practical value of the Rational Estuarine lnoen-
tory is open to question. The point, however, is that
a tool of great potential value for coastal zone plan-
ning in general and for aquafarming site selection
in particular exists. It requires supplemental work
by an aquaculturist on site since the data arc inade-
quate for investment decisions.

Species Requirements
Certain physical and chemical characteristics of

coastal water have been shown to in8uence growth,
survival, reproduction, meat quality, etc. of the
species selected for aquaculture. Much work has
been done on determining optimum temperatures,
salimties, oxygen levels, nutrient concentrations,
etc. for the various species, The main business of
the aquafarrner is to provide these characteristics
in the proper magnitude at the proper stages of the
life cycle of the particular species. He may often
be presented with business decisions regarding the
cast-effectiveness or marginal value of supplying
the optimums, so may be forced to operate under
less than ideal circumstances.

Considering the preceding optimizing decisions

as Positive onrs, the aquafarrner can abo be fa~
svith a scrirs of negative decisions. The latter d~
sions cover concentration levels that hinder growth
or reproductiorr, cause mortality, taint the meat
etc. The aquafarmer must know the maximum ac-
ceptable concentrations of such characteristic of
coastal water as organochloride and organophos-
phorous pesticides, heavy metals, sulfides, hydrocar.
bons, etc. The ubiquity of many of these compounds
has been established, However, the variability of
their concentration at a particular location is not
well known except in rare instances nor has the
maxirnurn acceptable concentration been estab-
lislred for marine species,

He]ativelv few of the many substances recognized
as pot< ntiaIIy toxic pollutants of the marine envi-
ronment have beerr studied sufficiently to defrne
their maximum allowable concentrations nor have
their potential synergistic effects been fully evalu-
ated. Many determinations have been made of the
concentration of toxicants which kill half the test
organisms; however, fexv studies have been made to
drtc rminr the maximum concentration of toxicants
which are not harmful with continuous exposure,

Water pollution is an area of work critica to the
success of an aquafarming industry and one that
must not br. overlooked in planning site locations
for this industry. It is important to know the water
quality requirements for the species selected for
crrltivation. Without this information and the paral-
lel rcquircmcnts for monitoring and control
system aquafarming in New England may be sub
jected to "mysterious" mass mortality, infertility
problems and tainted Besh, which would result fn
a high level of economic risk and would impede the
development of the industry.

Until morc precise data are determined for a par
ticular species' water quality requirements the
lowing general standards have been proposed by «
Subcommittee for Fish, Other Aquatic I ife
Wildlife of the National Technical Advisory C
mittee on Water Quality Criteria, Fedcra
Pollution Control Administration, April >9fI .

Salinity. No water diversion activity s~~
allowed which causes more than ten percent +ang
in isohal inc patterns.

Current+ No water diversion activity
allowed that alters current flow to adversely af ~
existing biological and sedirnentological sr~+



pff. Yo materials should be introduced that
change the normal range of pll by n>ore than 0.1
pH or extend the range r>oxide 8.7 or 8.5.

Temperature. Normal monthly means of maxi-
mum daily tcmpr raturcs should nr>t be raised morc
than 2.2'C � "F ! during October through June and
,8'C  I.5 F! during July through September. The
rate of temperature increase sho»ld n<>t exceed
,55'C  I F! per hour except when due to natural

Dissofoed Oxygen. The d>ssolved oxygen  DO!
levels in surfac» coastal waters should h» greater
then 5.0 n>illigrams p»r liter except when nen>ral
phenomena depress this value. The DO levels in
estuaries and tidal tributaries should m>t be less
than 4.0 mitligrams pr r liter»xcept for natural phe-
nomena,

Oil, No petroleum products should be discharged
such that �! visible fi}m, sheen or odor results; �!
tainting fish or edible invertebrates results; �! oil
sludge forms on shore or bottom, or �! effective
toxicants are producM

Turbidity, Color, bio changes should he allowed
in turbidity or color unless they aro demonstrated
to be harmless,

Settleabfa and Floating Sul>stances. Nt> materials
should be «lh>wed that contain scttleabl» solids or
substances that may pr»cip.'tate out in quantities
that «dversely affect the biota,

Tai ntfng Substances, Substances that taint or
producx' o8-flavors in fish and edible invertebrates
should not be present in concentrations discernible
by bioassay or organoleptic tests.

Radionucfirfcs. No radionuclid», or mixture of
same, should be pres»nt at concentrations greater
than speci6cd by U.S. Public Health Service Drink-
ing Water Standards and Radiation Protection
Guides of the Federal Radiation Council.

Plar>t and Xuisar>ce Grou>tf>s. No ~ater diversion
activity should be allowed that adversely alfects
biota or promotes nuisance organisms, No arti6cial
enrichment should be allowed that causes major
quantitative or qualitative alteration in the flora, or
any nuisance that can be attributed directly to nu-
trient excess or imbalance. Naturally-occurring
atomic ratio of NO>-N to PO,� P should bc main-
tained. Similarly, the ratio of inorganic phosphorus
to total phosphorus should bc maintained.

Toxic Substances. Including substances of un-

known toxicity, all substances containing foreign
materials should br. considered harmful and not
permissible until bioassay tests have shown other-
wise, For pesticides for which limits have been de-
termined, the manual gives two groups, A and B,
according to toxicity; the 48-hour TL are given
and an apphcation factor of I/IOO is recommended.
For industrial and other toxic wastes, there are
three pertinent p»ints:  a! safe concentrations of
metals, ammonia, cyanide, and sulfide should be
determined by thc use of application factors to 96-
hour TI values as dr.t»rmined by 8ow-through
bioassays, Application factors should be 1/100 for
metals, I/20 for arnrnonia, 1/10 for cyanide, and
1/20 for sulfide;  b! Huoride concentrations should
not exceed that of drinking water, and  c! deter-
gents and wastes fro>n tar, gas, coke, petrochemi-
cals, pulp and paper, hospitals, etc. should bc sub-
jected to frequent bioassay using Sow-through tech-
niques. For persistent toxicaots, an application fac-
tor of I/100 is suggested, while for unstable or bio-
degradable types, I/20 is suggested.

Summary
This section has indicated that present and pro-

jected water quabty should be a major considera-
tion in determining sites for aquafarming opera-
tions. The fact that waste treatment is in existence
in a particular area is insuRcient evidence that
water quality is acceptable for aquafarming,

Maximum acceptable concentrations of expected
pollutants need to be determined for the species to
be cultured; these should be regarded as the water
quality requirements for the aquafarming operation.
From the requirements of the various users, or "bor-
rowers" of water, standards can be derived. Coupled
with enforcement procedures, the quality of a re-
gion's water can be kept from deterioration. Implied
here, however, is the setting of priorities for a water
body as well as the interplay of pohtics and econom-
ics. Since aquafarming does not exist as a powerful
user or borrower of water, its economic and politi-
cal position is not strong. Until its economic strength
is demonstrated and because of its high water qual-
ity requirements, aquafarnung should be allocated
space by coastal zone plarmers in recreational, wild-
life or conservation areas. This observation coupled
with information on the salt marsh acquisition pro-
grams of the states and private groups, set forth in



tize section on land site av~lab;h+,
tI e po««'al aq d~' g ndust ight attempt
o]assif]cation as a "couforxning use in t}ese pm-
serves,

I eyslation

Th]s section is divided into two major Parts, The
existing legislation which

<xm]d be altered to facilitate development of an
axIuacu]ture industry, and the second, with new leg-
zslation and the exercising of legislative techniques
rxeeded to protect a developing aquaculture indus-
try.

ing Legisktf ion rxs Irrx pedixxssnts
Most existing coastal xnarine fishery regulations

have resulted from a combination of attempts at
conservation, competition among fishermen for lim-
ited supplies of parhcular species, and competition
between sport and commercial fishermen for certain
species. Numerous state and local laws and regula-
tions were designed to protect established small-
hoat Sshermen by restricting the use of ellcient
sievices, Other regulations, making up the maze of
state fishery laws, were adapted over the years, for
seasons long forgotten. Many towns and counties in
New England have ordinances pertaining to local
Bsheries. These legislative devices, designed in a
~xne when less knowledge concerning those natural
resources was availab]e and for a "cottage" indus-
try, are understandably not appropriate in many
r-ases to developments of today.

In reviewing the problexn areas of existing state
sxrxd xnunicjpal laws it is instxuctive to have in
zxxind a model, even in general form, of an aqua-
<azxning operation. The operation may be a continu-
cxxzs one in which the product is being shipped
Wroughout the year ]]eixxg a continuous or even a
batch operation means there is a spe-trxxm o«ges
axxd sizes of the product under contra] or in
sion of the operation throughout the year. There
sxvxll be ferns]es that axe ripe> berried or m spawns
Were wiH be post-larva] forms and juveniles in con-
fzxxexnent; there may be a large ranging or fattening

f the fxna1 stages of preparin g
tIxe product before market- The opera or wiH want

xrxent avai]ab]e and whenever it 4 "np ." He

have invested a substantia] sum in axed assets, plant
and equipment, axxd may require exc]naive coxxtxol
in axeas where his assets are pxoducing, VA'th this
model in mind, the foHowing paragraphs are pre-
sented to point out the pxoblem areas in existing
state laws,

Leasirsg, Maximum term on a sheHSsh ]ease can
be from Bve to ten years and at the discretion of local
government. In some states, ]easing provisions cover
just oystexs and in others, she]]Bah in general. Some
states have area per lessee limitations; and residency
requirements exist in most states. ln soxne states,
productive areas are not available for lease, leaving
on]y the marfp.na] and non-producing areas Naviga-
tion xights are withheld by soxne, so exc]usivity is
not included. Regu]ations are geared to bottom har-
vesting as opposed to water co]umn cu]ture.

Gear. Power boats are prohibited in chun and
oyster areas in same states, as are power dredges
and hydraulics. Perxnitted equipment may be speci-
f]ed as hand-operated dredges, rakes, forks, or
tongs. Dimensions of harvesting equipment may be
]imr'ted. Dragging, skin-diving and dipnetting for
lobster are prohibited in some state waters

Size/Age. In all states, size limitations exist relat-
ing to clams, oysters and lobstexs in possession of
the operator. Possession of bay scallops lacking an
annular ring is prohibited

Sex. Possession of egg-bearing lobsters is pro-
hibited, Taking of fernale crabs xnay be prohibited,

Quantity. Dai]y quantity limitations on sbeHfish
exist in most states or towns, which may vaxy with
the type of harvesting gear.

Time. Harvesting is limited to daylight hours in
some states. Limitations to ~ days of the
week and certain months a]so exist.

The specific loca] regu]atioos for a species of in-
terest in a selected location can be culled froxn the
state's laws and the town's ordinances. The main
Poini is that an aquafaxxning operation may by its
very nature break a myriad of local regulations as
they are presently constituted, Steps to ameliorate

situation in the form of an aquafarxning bill
have b P~~ to legislatures in several states.

Enforcement of land use regu]ations by the states
and lobes cars have inhibitory effects on aqua-
farxning. There is no doubt that m oux society, mar-
ket values have been emphasized to the detriment
of extra-market one s~ as r~eat,



aesthetic, and psychological values  Report, Com-
mission on Marine Sciences, Engineering 8< Re-
sources, Vol. l. Chapter III, p. 124!. In the sphere
of land-use regulation, when market and extra-mar-
ket values come into conflict, the. market value has
most often been paramount and cost-b< nefit analy-
sis is of limited usefulness as a quantitative tech-
nique for handling recreational, ecological, or other
qualitative values, Bending to market pressures has
a profound impact on effectiveness of lanrl-usc reg-
ulatory techniques. Zoning traditionally is the re-
sponsibility of local governments, and historically
they have failed to protect the extra-market values
-scenic beauty, recreational values, and preserva-
tion of wildlife-against market interests producing
jobs and increasing the tax base. For this reason,
responsibility for zoning the coastal areas should be
at a governmental level above the municipal  ibid�
p. I52!.

Since coastal areas are natural phenomena, it may
be advisable to let the extent of the natural con6g-
uration dictate the governmental organizations with
the prime planning and regulatory responsibility,
rather than the reverse, At the least, various levels
of government should be involved. This does not
mean that the state should not supply leadership
or guidance; rather it means that local backing might
be obtained more effectively by including local inter-
ests m the planning process. Additionally, it may be
advisable to consider how critical the particular
area is in allocating responsibility. In some cases,
the state may have responsibility, in others an intra-
municipal group may have it or in others, a munici-
pal group. JWatne Lau; hffectfng htarfne Resources,
vols. I-4  University of Maine, 1970!, Report of the
Gooevaor's Committee on the Coastaf Zone  Rhode
Island Department of Natural Resources, l97G!, and
State Coastal Management Legislation  New Eng-
land Biver Basin Commission! are examples of
investigations of state natural resouroes regulations.

Near hotfon by the Pufrfic Sector
If creation by legislative action of a comprehen-

sive aquaculture Iaw is desired, then legislation and
regulation are required in three general areas:  a!
regulations acknowledging the existence of aqua-
farming as an industry different from commercial
fishing;  b! regulations on land use in the coastal
zone that allocates space to aquafanning, and  c!

rr gulations regarding coastal zone water quality
that insrur. the existence of standards appropriate
to an aquafarrn>ng industry.

Development of aquafanning as an industry in
thr coastal New England states could be facilitated
by lr gislation in thr. vari<rus states which woukl per-
mit leasing an� licensing of cxrastal lands and wa-
ters, Sucl~ legislation might include, among its pro-
visions, the following:  a! definition of aquafarrn-
ing and, perhaps, samples species to be farmed;
 b! acknowicdgernent of lessor rcsponsihilihes re-
garding water quality;  c! de6nition of lessor's
power to grant, and revrrke, leases and licenses with
provisions included for explicit de6nition of lease
duration conditions at an adminishative level;  d!
methods for applying, advertising for, assigning,
renewing, transferring, etc. leases;  e! rights to be
conferred or withheld, such as navigation, recrea-
tional 6shing rights, access, etc.;   f! rental and fee
structures;  g! safety provisions and requirements,
such as markers for rafts, racks, etc� hj offenses
and subsequent penalties, and  i! relation of aqua-
farming laws to existing 6sheries laws.

Areas of coastal waters that are made available to
the aquafarming industry must be allocated as the
result of a reasonable planning process, Coastal
zoning, land acquisition and lease-back arrange-
ments, and purchase of easements, permits, etc., are
tools that may be employed following the develop-
ment of planning at the appropriate governmental
level. Planning activity which relies on the marine
research activities of private and state groups and
agencies within the region should be undertaken
to provide the necessary basis for zoning coastal
water areas.

Questions of aquacultural lease rights are inex-
tricably linked with broader issues of coastal zone
use. If location of aquacultural facilities is promoted
on an indiscriminate basis, unnecessary con8icts
with other uses of the coastal zone are almost in-
evitable, Conflicts which might occur indude those
between aquaculture and either recreation, min-
erals extraction, harbor and duumel improvement,
thermo-electric generating plants, snunicipaVindus-
trial waste efluents or wildlife ecology.

As indicated in table 5-1, the coastal land uses
most compatible with aquaculture indude urban
transit, certain types of industry, ~on and edu-



crstion- Although not explicitly listed as a use of
coastal lands, one might abo list "open spaces" or~ 1"green belt zones Such zones are by deflnition
diatin« from wilderness preservation areas; certain
corxforrning uses may be permitted, for example,
agriculture or selective cut forestry, It would seem
that inclusion of acIuaculture as a conforming use
«end not unduly strain the concept of open spaces
zorxing. Regulations regarding land use and water
qu«lity must acknowledge the critical requirements
of an aquafarming industry for water quality and
excIusive control over the bottom and water col-
urrxrx, Since this indrxstry does not presently exert
a strong economic force, conservation and open-
space legislation and acquisition plans might incor-
porate aquafarming as an acceptable use in those
allocated areas, The la«d and water acquired under
thyrse plans can be made available to aquafarming
through lease-back agreements, permits, licensing,
etc.

There is an alternate approach to zoning which
should be considered. Since aquaculture is in its
irxfancy, the need for a general law may be ques-
tio«ed. The alternate approach would be to author-
i~ acquisition or lorsg-term lease by a state agency
of o«e or more coastal areas which are suited to
<rIsxaculture and which would have minimum con-
fhcts with other users. These areas could then be
Ieased to private flrrns for the purpose of aquacul-
tssxai production. Public access to information ob-

tained by the lessee could be required, jf the lease
and/or production facilities involve public assist
ance. This approach has the following advantages at
the present time: it would  a! focus attention on
identiflcatiorx of a suitable area or areas;  b! pro-
vide information on the feasibility of aquaculture
prior to writing comprehensive legislation;  c!
provide detailed information which could be useful
in any subsequent legislation;  d! make acquacul-
tural knowledge gained by the lessee pubhc infor-
rnation;  e! tend to make potential conflicts and
opposition speciflc to the site chosen, and by care-
ful site selection, potential conflicts could be mini-
mized;  f! allow for a redirection of coastal zone
use by letting leases expire if at some future time
aquaculture were deemed to be no longer the best
use oi' the site, and  g! under existing administra-
tive authority, allow for exernphon from minimum
size regulations and. harvesting technology restric-
tions for a bona Bde aquaculturist s! operating on
the selected site s!. Somewhat of a precedent for
this type of "exclusive use" of naturally productive
areas is already established in Massachusetts, Under
Section l7�! of Chapter 130 of the General Laws
Relating to Marine Fish and Fisheries, the Director
of Marine Fisheries may "occupy, use and control"
ponds, estuaries, creeks or other arms of the sea
within the coastal waters for experimental pur-
poses. This power has been exercised over two salt-
water ponds in Massachusetts.



6. Summary and Recommendations

Summary

Selected Species
At the present time, those species appearing to

have the greatest potential for cornmercia! culture
in New Eng!and are the American oyster, hard
darn, bay scallop, American lobster and silver
 Coho! sabnon, The 6rst four are indigenous to the
New England area, while experimenta.! introduc-
tions have demonstrated the ability of the si!ver
salmon to thrive in this region. Furthermore, a tech-
nology exists for cu!turing these 6ve species through
all stages of their life cycles to marketable size, Fi-
nally, market demand for each of these species ap-
pears to be strong and to bc capable of absorbing
signi6cant increases in production particularly if
production were scheduled � through culture tech-
niques-to taLe advantage of seasonal variations in
price.

Controlled rrersus natural Znoironrrrents

With respect to the culture of the American oys-
ter, hard clam and bay scallop, the unpredictable
nature of annual reproduction in most parts of New
England would appear to make a hatchery operation
necessary at least on a supp!ementary basis. How-
ever, it does not appear to be economically feasible
at present to attempt to culture these species to
maturity in a control!ed environment, It seems far
more practical, in view of the dif6culties and ex-
pense involved in providing adequate amounts of
algal food, to make maximum use of the natural
environment at as early a stage in their develop-
rnent as possible. This approach is feasible with
these three species since  a! they may derive their
food directly from the surrounding water, i,e. at
no cost, and  b! they are relatively sedentary and
hmited in their ability to escape from thc selected
culture area.

In the case of the American !obster and silver
salmon, methods of guaranteeing replenishment of
stocks each year through hatchery operation would
also be required. In addition, however, since both
species are fugitive and since they cannot derive
their food from the surrounding water as readily
and suf!icient!y as can the three bivalve mollusks,
methods of control!ed and intensive rearing
throughout the growth period are essential. It
would seem most practical to hold these species in

con6ned areas subject to a high degree of environ-
rnental control in order to provide maximum protec-
tion from predators and to supply food on a regular
basis to accrlerate their rate of' growth.

Technica/ Problems

Although these 6ve species have been cultured
successfully, there are technica! problems, particu-
Iarlv ones involving that period between the post-
larval stage and attainment of market size, that have
not been fully resolved and that are of considerable
importance in a commercial operation. In the case
of the three bivalve mo!lusks, high mortalities
among juveni!cs after transfer from the hatchery to
the natural environment appear to be the rule
rather than the exception as a result of predation
or other causes. For lobster and salmon, lasses re-
sulting from nutritional de6cicncies, cannibalism,
disease and other factors associated with intensive
culture may be expected. For these two species in
particular, there stilt remains a gap between the
successful rearing on an experimental scale and the
pro6table rearing on a comnrercial scale; pi!ot dem-
onstrations would be of great value.

f.egal arrd Political Climate

In addition to certain technical dif6cu!ties, private
culture in New England faces other problems. It is
clear that neither the political nor social climate for
assertion of exclusive culture rights in natural areas
is particularly favorable; yet securing such rights is
imperative for the culture of bivalve mo!lusks. The
coastal waters continue to serve as convenient re-
ceptac!es for industrial and domestic wastes. Thus,
sewage pollution !imits the areas availab!e to the
culturist, and pollution by oil, pesticides or certain
heavy metab, may poison his crop or, at least, re-
duce its marketability.

In order to compete successfuny with other in-
dustries, activities, and forms of use-or misuse-of
the coastal environment, aquacu!ture must demon-
strate its long-term viability and its social and eco-
nomic bcne6ts in relation to these other activities.
Major reasons for its failure to do so up to the
present have included an inadequate technology
combined with the existence of unfavorable state
and local statutes and other regulations. With im-
proved technology at hand, aquaculture should now



be given the opportunity to demonstrate its value
to coastal conlmunitles.

Public action could take the form of comprehen-
sive aquacultural legislation or of sub-leases by the
states of a limited number of specific sites. Such
leases could he restricted to aquacultural produc-
tion and could carry specific exemptions or waivers
from inappropriate state and local regulations,

Recnmrnersdatious

Pilot Plants

1. The economic feasibility of culturing both lob-
sters and salnu>nids should he explored on a pro-
duction scale. The scale of the pilot operation
should be su@ciently large to perrni t accurate
evaluation of the economics of an expanded, i,e.,
commercial, operation.

An experirnentallobster production unit should
focus upon  a! maintenance of optimum water
temperatures for accelerated development andI
growth rates initiated when adult females are ini-
tiaHy fertilized;  h! evaluation of "natural" foods,
i.e., Hsh and shrimp scraps, shelSsh, starBsh, etc.,
and "synthetic" foods, i.e. trout peHets and other
formulations, in terms of ease of procurement, stor-
age, cost, conversion efBciencies, etc.;  c! survival
rates as influenced by cannibalism, water quality,
etc,, and  d! overaH operational costs, in terms of
heat, electricity, maintenance, etc,

The size of the pilot production facility should be
scaled to a minimum annual production of 1,000
pounds of market-sized lobsters per year; it should
be designed to hold lobsters in individual com-
partments after the third larval molt. Water, inain-
tained at room temperature, might be constantly
recirndated through compartmentalized troughs
equipped with filters to remove organic debris.
"Makeup" water, added at a rate of te» percent or
less of total volume per day, <auld be initiaHy
warmed by means of a heat exchanger. Circulation
through the troughs should be accomplished by
means of submersible pumps to eliminate the dan-
ger of gas disease, Carbon dioxide would be re-
moved, and oxygen renewed, by cascading, sup-
plemented by aerating devices if required. Because
of the catastrophic consequences resulting from
possible power failure, the facility should be pro-

vided with an automatic emergency electric gen-
erating system.

This investigation could he undertaken at a state
or federal marine laboratory in the New England
area, where an adequate seawater supply system is
already instaHed. Additional equipment, if not al-
ready available, would inchide larval tanks and
rearing compartments; heat exchangers; recirculat-
ing pumps; air compressor and auxiliary  standby!
generator; freezer space for storage, and basic lab-
oratory equipment. A minimum of two men would
be required to operate and maintain the rearing
facility, under the supervision of a qualified biolo-
gist, Additional personnel would be required during
hatching periods.

An experimental salrnonid production unit should
consider  a! tolerance of this species to seasonal
variations in temperature;  b! optimum rearing
densities with respect to temperature and water flow
rates;  c! evaluation of different salmonid species
to determine those most adaptable to the New Eng-
land environinent,  d! disease prevention, particu-
larly at those temperatures that promote most rapid
growth rates;  e! analysis of various inexpensive
sources of nutrition, and  f! evaluation of produc-
tion costs.

The pilot facility should be designed to produce a
minimum of 150,000 pounds of 6sh each year.  It is
assumed that the fish will have attained a market-
able size at 12 months of age.! It is recommended
that the rearing facilities designed and tested by
the National Marine Fisheries Service  Mahnken
et al, 1970! be investigated during the latter stages
of maturation; floating pens located in tidal chan-
nels or estuaries are used. Fish displaying most
favorable growth characteristics should be retained
as future parent stock; others could be test-mar-
lreted or released in selected areas.

Use could be made of existing state or federal
hatchery facilities for provision of fertilized eggs,
and the initial rearing of fry. As a means of disease
control aud of promoting favorable growth rate in
the early stages, some fertilized eggs and fry should
he maintainrxl at coastal facilities where the salinity
of the water could be regulated and held at approxi-
mately 7 o/oo, The fish, which hatch in winter,
couM be transferred to coastal sites and held at
ocean salinities by late spring. It is recommended
that the cage culture phase of production be under-



taken at a coastal facility north of Cape Cod, where
 a! tidal amplitude, and hence tidal circulation, is
greatest, and  b! summer water temperatures do
not exceed the tolerance level of this species.

Assuming a production Bgare of 150,000 pouads
aad a stocking density of one pound per cubic foot
of water, tbe maximum total holding area that
would be required for one-yearold Bsh woold ap-
proximate I00 x I00 x l5 feet deep. lt would be
imperative that the hoMing pens be situated in
areas of strong bdal Bow, and that the Bsh be
raised to a marketable size prior to ice formation.

Assuming that fertilized eggs or fry could be ob-
tained from existing hatcheries, the cost of the rna-
rine rearing facility � tbe Boating pens � should be
rather srnaH. IdeaHy, these would be moored near
an existing laboratory facility, where the feasibility
of holding eggs and fry at varying saliaities could
be tested, symptoms of disease could be analyzed,
and different food types might be evaluated. Food
could be dispensed automaticaHy into the pens. It
is estimated that hvo men under the supervision of
a qualiBed biologist could maintain the rearing fa-
cility.

Usl ng Domestic Wastes
2, The feasibility of vtilixing areas presently pol-

lvted by domestic uxurtes for the culture of organ-
isms of economic valve shuns' be expfored, Empha-
sis should be placed vpon rnethocb of rearing the
fvvenife stages of bivalve rnoUvsks to rnatvrity,

There are extensive coastal areas of New Eng-
land that are biologicaHy productive, but that have
Iimited usefu]ness as a result of pollution by do-
mestic wastes, These should be put to more con-
structive use, At the same time, certain technical
aspects and prob]ems associated with commercial
culture could be explored.

Experimental use of such areas for intensive
aquaculture would accomplish the foHowing:  a!
explore the technical and economic feasibility of
aquaculture in a variety of locations under a variety
of conditions without infringing upon public fish-
ing rights;  b! make signiBcant economic use of
presently wasted areas by the eventual transfer of
cultured organisms to clean  barvestable! areas,
and  c! convert organic material that is presently
useless and, in certain respects, an environmental

liability in its present form to animal Sesb of high
economic value.

A program involving the use of poHuted areas for
aquaculture should be under the control of state
agencies and supervised by state personneL These
agencies should be funded appropriately in order to
manage selected areas intensively on a scale that
may demonstrate the economic viability of similar
projects in other areas, both polluted and clean.

Initial experiments shouM be concerned with
the rearing of bivalve moHusks. The moHusks are
sedentary and are readiIy containable within the
experimental area, and normaHy thrive upon the
phytoplankton populations whose growth is stimu-
lated by nutrients associated with domestic pollu-
tion, The experiments should also be designed to
resolve certain of tbe problexns involved in tbe rear-
ing of juvenile bivalves to maturity, i.e. stimulation
of rapid growth rates at low cost, under conditions
that might insure a high rate of survival. The pro-
gram should involve a "multiple species concept,
whereby more than one, aad perhaps several, spe-
cies could be cultured in the same area, Particular
consideration should be given to the American oys-
ter, hard clam and. bay scaHop.

The most favorable areas for such experimenta-
tion would be sheltered coves with adequate tidal
exchange. Juveniles would be obtained preferably
from hatcheries or alternatively from natural setting
areas, Methods of rearing the juveniles to maturity
would include  a! the use of raft-suspended trays
or cages during the initial growth stages, followed
by  b! the use of suitable sub-tidal bottom that is
fenced to prevent intrusion of predators and escape
of the juveniles as they develop to marketable size.
Aside from the expense involved in obtaining ade-
quate numbers of juveniles for experimentation, the
only signiBcaat cost involved in this operation
would be that of maintaining the trays and fenced
areas free of predators aad fouling organisms.
Crowth and survival rates should be carefuHy mon-
itored, aad the costs should be evaluated in relation
to production.

Simultaneously, data ceuld be obtained on the
survival, growth and condition of both oysters and
mussels cultured in the same area, Juvenile oysters
couM be coHected on strings of sMl, either fxom
hatcheries or from natural setting areas. Mussels
might readily be obtamed by collecting natural sets



on ropes as practiced in both France and Spain
 Hyther and Bardach, 1968!. The cultch strings
could then be suspended from the rafts of Soating
trays employed for the culture of juvenile clams
and bay scallops,

Polluted coastal areas could provide highly suit-
able "testing grounds" for commercial aquacultural
endeavors, If commetciaHy significant yields can be
obtained from these areas, even though such yields
are not immediately usable, it would demonstrate
the potential value of coastal areas for aquaculture.
Simultaneously, testing grounds would provide val-
uable practical iaformation that could he applied to
future commercial endeavors without interfering
with existing Rsheries.

Water Quality Tolerances
3. The tolerance of the American oyster, hard

clam, bay scallop, Aniencan lobster and elver sal-
mon, during all stages of their Bfe cycles, to indus-
trial tvastes discharged into coastal areas shoukl be
intensively studied.

As indicated in chapter 5 of this report, poHution
by industriaI wastes poses an extremely serious
threat to aquaculture and its further development
in New England, If mass mortalities occur � as they
frequently do � in hatcheries or if cultured animals
are condeinned as a result of contamination, the
Snancial losses may preclude continuation of the
enterprise. Aquaculture is a diIHcult business under
most favorable conditions; if its future is to be
taken seriously, then the sources and/or causes of
industrial pollution and its short- and long-term ef-
fects upon aquatic organisms inust be taken equaHy
seriously.

From an aquaculturist's point of view, accelerated
research in the foHowing areas would be most use-
fuI, assuxning poHution in various forms to be a
fact of life for the foreseeable future:  a! the tol-
erance of the oyster, hard clam, bay scaHop, lobster
and salmon to various concentrations of heavy met-
als, hydrocarbons and other substances suspected
of having negative effects upon the aquatic environ-
ment, with respect to survival, rate of growth, abil-
ity to reproduce, and viability of oSspring;  b! the
rates at which these substances can be eliminated
ftom the contaminated organism under varying en-
vironmental conditions;  c! the effect of these po-
tantiaHy toxic substances upon food-chain orga-

nisms, i,e. phytopIankton, benthic invertebrates,
and forage Ssh, and  d! the degree of persistence
of these substances in localized areas.

It is likely that some of these studies are presently
being undertaken to determine the practicality of
initiating private aquacultural projects at least in
certain areas of New England, The need for speciSc
answers is urgent.

Least'
4. Specific coastal areas of high quality for cul-

ture should be made available under long-term
leases to qualified private concerns for culture pur-
poses.

As indicated earlier, private aquaculture enter-
prises in New England are inhibited by various le-
gal restrictions and social constaints. It is believed
that such constraints persist because aquaculture
has so far failed to demonstrate its social and eco-
nomic superiority over other forms of water use.
Conversely, the opportunity for private aquaculture
to demonstrate its value has often been impeded by
the very nature of these constraints, i.e. the inabiHty
to acquire suitable areas for private culture, Under
these circumstances, it is difScult to attract private
investment for an enterprise that already is regarded
as speculative.

This dilemma might be resolved by aHowing a
private corporation with suitable technical and ad-
ministrative qualiScations to select an area for pri-
vate culture. The area would be leased to the cor-
poration by the state for a period of not less than
Sve yeats and no snore than ten. During this period,
it would be the objective of the corporation to pro-
duce aquatic species of matket value for a proSt
This form of arrangeinent with a private corpora-
tion should contain the foHowing tesi:

A. The details of the project � species to be cul-
tured, methodology, projected Sgutes of production,
etc.� should be submitted to the appropriate state
authorities for review and approval. An approximate
timetable for various levels of production would be
induded.

B. The corporation would submit tn these au-
thorities a cotnplete review and description of prog-
tess to date at regular, prespeciSed intervals.

C. At regular intervals, the complete facilities
and culture areas of the corporation sbtndd be open



to the public. At such times, progress, failures and
their causes, and improvements in technology would
be publicly reviewed. Financial data relating to
capital expenses, operational costs, sa!es, etc. should
a!so be available to the public.

D. At tbe end of the lease period, the progress
and accomplishments of the corporation would be
reviewed by the state authorities. At this time, and
based upon evidence of signi8cant accomplishments,
the area could be made available for renewal of
lease. Notice of renewal or nou-renewal should be
given one or two years prior to the date of lease
expiration to avoid the undesirable effects of lease
insecurity from impinging on plant maintenance.

This approach wou!d provide an opportunity to
demonstrate the feasibility and value of commercial
aquaculture under favorable, rather than marginal,
environmental and legal conditions, particularly be-
fore such areas have been preempted for other uses
or have been ecologically damaged. In return, the
corporation should be prepared to share the infor-
mation acquired as a means of stimulating or assist-
ing aquaculture in other areas. Because a proSt
incentive is involved, maximum emphasis would
probab!y be placed upon sustained production,
which is the only true measure of the project's
viability,

We recommend that opportunity for this form of
arrangement be initiated in each of the coastal New
England states, We further recommend that. the
total area niade available for !casing in each state
not exceed 1,000 acres. FinaHy, as a means of at-
tracting participation by private enterprise, we
recommend that Snancial assistance in tbe form af
matching funds be provided, a logical source being
the New England Regional Commission.

From a corporation's point of view, a critical fac-
tor in such an arrangement wou!d be the se!ection
of an appropriate area. Certainly, the objective
would be to select an area that is favorable from
the standpoint of size, depth, accessibility, availa-
bility of utilities, sa!inity regime, circulation, and
absence of poHution, and yet where right of exclu-
sive use would result in minimum infringement

upon existing uses and public interest. In Massa-
chusetts, for example, appropriate areas might be
those tidal ponds where, under Section 17  aj,
Chapter 130, public Sshing rights are presently
excluded. State authorities would be in a position
to guide in the selection.

Equipped with the dual advantages of optimum
rearing conditions and a degree of Snancial support,
a private corporation would bc in a unique posi-
tion to explore a broader approach to aquaculture
than is generally feasible, particularly from a Snan-
cial standpoint, A program might be developed that
would inc!ude the cu!ture of severa! species simul-
taneously, selected in a manner to reduce the total
cost of operation As an example, the viscera and
offal of processed bay scallops and salmon cou!d be
used directly as food for lobsters, thereby reducing
what would amount to be the major cost in the
rearing of the latter species. Wastes from salmon
holding facilities, such as nitrogenous compounds,
might be diverted to stirnu!ate growth of phyto-
planktonic cultures, which in turn could be employed
as food for bivalve mollusks. Shell from shucked
scallops could be used as cultch for oysters or as
components in tbe Sltering systems.

The success of such an arrangement would de-
pend in great measure upon Sexibihty and freedom
from certain existing legal restrictions. It should not
be required, for example, that all members, stock-
holders, etc�of the corporation be residents of the
town, or even of the state, in which the project is
undertaken. Since thc species cu!tured represents
a considerable private investment of effort and cap-
ital and since their possession or harvesting would
have no effect upon natural stocks, existing restric-
tions upon possession and harvesting should not
apply. These include minimum size laws; restric-
tions on possession of female lobsters' bearing of
eggs externally; regulations regarding seasonal har-
vesting; requirements for annular growth rings on
bay scallops, and other laws that may have a certain
justiScation on conservation grounds iu a public
Sshery, but have little justiScation when applied to
populations that are privately reared and controHed.
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