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FOREWORD 

This document contains a plan to reestablish molluscan aqua-

culture re search and development as part of the activitie s of the 

- , 

M~ddle Atlantic Coastal Fisheries Center. It attempts to respond 
-:r.~. 

to a stated industry need by initial reprogramming of existing funds 

in the second half of FY 1975 (January to June, 1975) with the hope 

for additional funds in FY 1976 and the expectation of additional 

funds by FY 1977. 

Section I of this document is a summary of the proposal; 

Section II is a narrative description of the research required, 

Section III contains summarie s of ongoing molluscan aquaculture 

research, and commercial molluscan aquaculture operations in the 

United States, and Section IV contains detailed planning documents 

for each of the proposed research areas, for FY 1975, 1976, and 1977. 
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SECTION I 

SUMMARY OF 

~~~. . A PROPOSAL FOR REESTABLISHMENT OF 

AQUACULTURE RESEARCH AT THE 

MIDDLE ATLANTIC COASTAL FISHERIES CENTER 
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A. BACKGROUND INFORMATION RELEVANT TO THE PROPOSED 
AQUACULTURE R&D AS A·MAJOR PROGRAM AREA OF THE 
MIDDLE ATLANTIC COASTAL FISHERIES CENTER 

Two facilities of the Middle Atlantic Coastal Fisheries Center, 

Milford and Oxford, have a long history of involvement in molluscan 

aqu?::ulture. Much of the basic biological information now used by 

oyi-rer hatcheries on Long Island and elsewhere was developed at 

Milford over a period of three decades. The new physical plant at 

Milford was designed as an experimental molluscan hatchery. Raft 

and pond culture methods for oysters were explored at Oxford, and 

major oyster disease research has been centered there. 

Because of an OMB policy,· enunciated in 1970, of reduced pro-

graITIS 0'£ direct illdustr.y- su·pp.ort, .tl1.e resecil"c.r.i. at ivlil£ol~d vvas dra .. 3tically-

reoriented at that time toward studies of the effects of rnarine con-

taminants on lTIarine organisms. This contarninant-oriented research 

has been productive and is expected to continue, since problems con-

cerned with effects of ocean pollution of resource species and on aqua-

culture are increasing. Much of the expertise in aquaculture research 

which existed at Milford and Oxford still exists, since many pollution 

related problems are close to those in aquaculture, and since disease 

problems in aquaculture are similar in many ways to those in natural 

populations. It should be noted too that some of the stocks of oysters 

isolated several years ago for genetic selection studies have been main-

tained and are still available. 
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Several recent events have suggested that greater attention 

should be focused by NMFS on molluscan aquaculture. A nation-

wide aquaculture survey by the Mardela Corporation (1972) identified 

disease, genetics, and nutrition as significant needs in molluscan 

and other aquaculture. Then in 1973 the Shellfish Institute of North 

Ame"l'ica passed a resolution encouraging the reestablishment of 

molluscan aquaculture at the Milford facilityo A representative group 

from that Institute met in October 1973 and identified disea se control 

as an immediate need, and genetic and nutrition studies as long-term 

needs. These events combine to indicate that this may be a propi-

tious time to reestablish aquaculture as a major program area of the 

Middle Atlantic Coastal Fisheries Center. The following sections out-

line how this might be accomplished within realistic funding and staffing 

limitations. A more detailed, long-term proposal will be prepared, 

particularly for FY 1976 and FY 1977 efforts, but it should be pos-

sible to begin some efforts in FY 1975, as outlined below: 

Be RESPONSE IN FY 1975, WITH NO NEW FUNDS OR STAFF 

A s a re sponse to stated industry needs for the second half of 

FY 1975 (Jan. 1, 1975 to July 1, 1975) we prop9se to reprogram ongoing 

effort into four aquaculture areas: genetics, disease control, spawning 

and rearing, and nutrition. This initial reprogramming in FY 1975 would 

be done with the expectation that the reprogrammed amount woul d con-

tinue in FY 1977 and would be augmented in FY 1977 with increased 

funds and ne\v positions. 

-3-
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It should be noted that the ongoing and planned contaminant research 

of the Center is important, and that the reprogramming efforts indicated 

in this and the following sections repre sent the extent to which the con-

taminant-related work can be reduced. It should also be noted that this 

reprogramming proposal assumes no further reductions in base funding 
- I 

'-, 

of-tft-e Center~ If further reductions occur (below the FY 19751evel) then 

reprogrammed funds must also be reduced. 

We have submitte-d Task Development Plans for FY 1977 to NMFS 

showing reprogramming in the second half of FY 1975 into Molluscan 

Aquaculture. The amount of reprogrammed money will be annualized in 

FY 1976. The amount of reprogramming would be $125K for the second 

half ofFY 1975, annualized in FY 1976to $250K. 

For the second half of FY 1975 reprogrammed funds for Aqua-

culture are: 

$29. 4K from "Contaminant Effects on Algae": (MAC013) to 
"Nutrition of Shellfish" (MAC 057). 

$23~ lK from "Mutagenesis" (MAC014) to 
"Genetics of Shellfish" CNIAC056). 

$20. 4K from "Rearing of Indicator Organisms: (MAC012) to 
"Control of Disease" (MAC058)-

$52. lK from "Rearing of Indicator Organisrns: (MAC012) to 
"Spawning and Rearing of Shellfish" (MAC059) 

For FY 1976 this extent of reprogramming would continue, but for 

the full fiscal year, so the amount wculd be $250K. 
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Since total FY 1975 funds for Experimental Biology at Milford 

r- were $431. 6K, this proposal represents a reprogramming effort of 

L_ 
almost two thirds of available funds (exclusive of support, and as-

suming no further changes in funding in FYI75). Remaining contaminant-

rel~t,ed studies would be: Physiological Effects of Contan1inants, $154.8K 
~, 

angMutagenesis, $14.7K. 

C e RESPONSE IN FY 1976, 'WITH REPROGRAM1v1ED CENTER FUNDS 

The proportion of reprogrammed Center funds indicated for FY 1975 

would be continued in FY 1976. Total reprogrammed ·funds for FY 1976 

I 
1--- would be $250K. 

Additionally in FY 1977, $185K is requested as part of the proposed 

A qt:acultu:rc funding increa se to a ugment the repro gr?mmed 2.mo-unt of 

$250K in the following area s: 

FY I 76 FY I 77 FY I77 Total 
re}2rogrammed re:erogrammed increase FY l 77 

MAC -057 (Nutrition) 58.8 58.8 40.0 98.8 
MAC -056 (Genetics) 46.2 46.2 42.0 88.2 
MAC -058 (Disease) 40.8 40.8 83.0 123. 8 
MAC - 059 (Rearing) 104.2 104.2 20.0 124.2 ---

250.0 250.0 185.0 435.0 

New positions would be expected with the new funds in FY 1977. 

l 
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Emphasis will initially be placed on molluscan genetics, disease 

control, and nutrition, and much of the program will provide for more 

effective utilization of the physical plants at Milford, and at Oxford as 

well. It should be emphasized, however, that there are other aspects 

of aquaculture that are included in the long-range plans of the Center. 
·L, 

Th~"'Se include, but are not limited to grow-out systems for mollusks 

in natural water s, genetics of aquaculture animals other than mollusks 

(crustaceans and fishes), diseases of aquaculture animals other than 

mollusks. 

D. GUIDEliNES FOR PROGRAM REORIENTATION RESULTING FROM 
PROPOSED REPROGRAMMING FOR AQUACULTURE 

1" We do not plan to reduce contaminant related research at 

Milford be yond the actions outlined in previous sections. Thus a sig-

nificant re search effort will continue on experimental studie s of con-

taminant effects on resource species and some work will continue 

on mutage!le sis. 

2. Aquaculture genetics will emphasize selective breeding of 

oysters; Aquaculture nutrition will concentrate on definition of algal 

nutrients for mollusks. The algology grou.p will continue its service 

functiDn of providing food for contaminants studies as well as to aqua-

culture studie s. 
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3. Spawning and rearing for aquaculture will emphasize clams 

and scallops with some attention to ocean quahogs and surf clams for 

contaminant studies; oysters and hard clam spawning and holding will 

continue a s a service function to contaminant s and aquaculture. 

4. Initial di sea se efforts in FY '7 5 vvill concentrate on e stablish-
-- -' 'c. 

me·m of a Reference Center and Registry of :NIarine Disease, preparation 

of a Manual on Diagnosis and Control of Marine Aquaculture Diseases, 

continuation of disease diagnostic services to U. S. aquaculture, 

establishment of a larval disease control group at Milford, and studies 

of water quality effects on marine animal health. Disease control 

efforts in FY'76 will continue to concentrate on larval disease control 

and in'1proved preventive, diagnostic and trouble-shooting services. 

5. Disease research of the Center will continue to be super-

vised by the Director, Pathobiology Investigations, regardless of where 

it is conducted. Larval disease studies will logically be conducted at 

Milford, by a group based there. Other aquaculture disease control 

efforts will remain at Oxford. 

:he Existing Investigation groupings of the Center will encompass 

the initial reprogrammed aquaculture efforts in FY "75. A new major 

Investigation grouping -- "Aquaculture"-- will be created when funding 

and staffing reach significant levels (possibly not until FY 1977). 

L -7-



F 
L 7~ Aquaculture funds will be assigned to the Director, Aqua-

culture Investigations, once that group is established. He will, in 

the case of larval disease studies, outline problems and indicate needs 

in discussion with Director, Pathobiology Investigations, and will re-

ass.ign reasonable portions of new aquaculture funds to him for disease 
~. 

8. New subtask plans for January-July 1975 will be prepared 

as soon as this proposal is accepted. 

-8-
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SECTION II 

MOLLUSCAN AQUACULTURE -- PRESENT Al\TD 

LONG-TERM RESEARCH REQUIRElviENTS 

-9-



A. BACKGROUND INFORMATION 

f Mollusks, especially oysters, clams,oand scallops, have been 

[ -

valued as a source of food for centuries. Today, although market 

trends for the various specie s of mollusks reflect gra dual change s in 

consumer preferences and life styles, certain varieties are more 

popular than ever. In many cases, natural production is able to meet 

market demand. In other instances, because of shortage of seed stock, 

increasing pollution in estuarine areas, and demands for gourmet foods, 

shortages are evident. Because of this, increasing attention has been 

given to the potential of aquaculture to meet specific production/market 

r 
I 

needs, particularly in the U. S. market place. An outstanding example 
[ -

has been the significant advances in producing oyster seed stock for ° 

con1mercial use. 

Beyond these more commonly recognized areas where aquaculture 

can meet specific current needs within the industry lies a long-range 

potential. The relatively simple food demands and physiology of these 

animals, compared with carnivores, together with their relatively rapid 

growth and hardy nature, provide intrinsic value a s a high-volurne source 

of valuable protein and minerals. Not only do they provide good op-

portunitie s to a ugment existing natural production for the high-value 

gourmet market (such as half-shell style oysters), but ultimate mass 

production of secondary protein sources, such as through mussel pro-

L duction, is possible. The opportunities for multi-species (polyculture), 

involvi,ng selected varieties of mollusks, also has considerable potential. 

-10-
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In order to provide the necessary techni~al experti"se a"nd, ulti-

mately, the enabling technology to encourage sound industry invest-

ments in these areas, it is essential to provide a solid background of 

related research, even at a modest level. This would insure orderly 

growth and development within the private sector. Such has been pro-
~ 

-r . .....,... 

vided in the past through long-term, highly successful basic mollusk 

investigations, particularly at the Milford and Oxford Laboratories. 

At present, however J N:NIFS in-house mollusk investigations for aqua-

culture "systems do not exist, having been phased out in 1970. There 

is considerable need for reestablishment of such an in-house program 

on mollusk aquaculture research to insure that today's critical needs 

are being met, while providing the necessary long-term potential for 

new systems development. 

Although research in oyster and hard clam (Mercenaria) culture 

(by public and private interests) has culminated in a method of general 
t. r-

_ . d. V" c". e \. C\. ',\, \ 

biological success for rearing the oyster through all of its life-stages 
i\ 

on a commercial scale under controlled conditions, it has yet to be 

demonstrated that this method, at its present stage of development, 

has widespread economic feasibility. Special scientific skills are now 

needed to answer the difficult questions concerning genetics, nutritional 

biochemistry and pathology. NMFS has the background and the specialists 

-11-
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to answer many of these questions. Only this approach', coupled 

eventually with a sound engineering ba se, can ensure a new surge 

of progress in oyster aquaculture and eventually a culture system 

that will be competitive in the food industry. 

~, The bay scallop has always enjoyed high consumer acceptance ... 
"4 

aIld· ... the scallop industry would be much larger than.it is if the natural 

supply of this bivalve were greater and its annual abundance rnore 

predictable. Modest attempts to rear the early stages of the bay 

scallop on more than an experimental scale have been encouraging . 

. Much of the present methodology developed for oyster hatcheries is 

applicable with little modification to the la rge - sca le rearing of scallop 

larvae. lvloyeoveY, it appears that present hatchery techniqu.es £01'. the ~ 

care and rearing of so-called "cultchless" oyster seed can be used to 

grow post-set scallops during their stay in the hatchery. 

In the long-term, we should also be looking at other candidate 

mollusk species including several species of clams as well as calico 

and sea scallops that have (1) potential for multiple species approaches, 

and (2) that have potential for supplying economically valuable sources 

of protein and minerals. In this regard, we should place emphasis on 

mass culture (high density) systems, taking advantage wherever we 

can of complementary natural conditions (i. e., oceanographic features, 

-12-
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weather, land-water configurations, etc.), and existing byproducts 

of man's efforts (i. e., thermal effluents, naturalbyproducts of 

forest industries, etc.). 

B ~ SHOR T -RANGE PROB LEMS 

_/ (1) Oysters and hard clams - Although the basic problems of 
", 

~ 

year:round breeding stock, controlled spawning, larval rearing, food 

supply and care of post-metamorphosis stages have been solved 

pragmatically, the resulting culture system is inefficient and costly.-

The main reason for this is that the dynamics of survival and growth 

. of the oyster and hard clam, particularly their early developmental 

stages, are still not well understood. In short, oyster and hard clam 

aqu.aculture has :reached the ~tqge ··.vhere progress throngh prag:rro;J.ti.c· 

solution to problems by general practitioners is no" longer acceptable. 

The following basic que stions must be answered. What are the 

nutritional requirements of different stage s· of development and how 

can foods based on this knowledge be prepared? What is the immuno-

logical response of the developing animal in the presence of disease 

and how can epizootic mortalities be eliminated in the hatchery 

environment? What is the genetic potential of the oyster and hard 

clam for producing strains especially suited to the hatchery environ-

ment? Without the answers to these questions and many others, 

culture methodology will remain relatively.crude, uninformed, 

inefficient and expensive. 
-13-
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(2) Bay scallops - A major problem in early attempts to 

develop scallop aquaculture on a commercial scale will be the 

rearing of post-hatchery scallops (10-15 mm) in large numbers. 

Because the scallop is motile in its juvenile stages, it cannot be 

farmed in the same manner as can oysters. Juvenile animals may 

be reared in outdoor tanks in sufficient numbers to be commercially 

feasible~ Final growth to market size (75-100 mm) will probably 

have to be accomplished in controlled, natural environments where 

the scallops can have sufficient room and food for optimum growth, 

'but whe re their movements can be confined and their enemie s 

controlled. 

The development of ef£ic-ient methods for rr'grbwingout" h-atchery----

reared scallop seed will not automatically insure commercially success-

ful aquaculture. This accomplishment alone would bring scallop culture 

only to the level of development of present-day oyster culture. The 

same need to understand the dynamics of survival and growth of 

scallop early life stages and to use this lmowledge to improve the 

methodology of scallop culture exists as it does for- the oyster. 

-14-
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c. LONG-RANGE PROBLEMS, 

(I) Oysters and hard clams - Long-range genetic problems are 

so intimately related to short-range ones that it is almost impossible 

to make a distinction. In the absence of further basic genetic infor-

mation and with no genetic counseling, private selective breeding 
-J . 

"-, 

pr-6grams in industry will be mostly wasteful hit-and-miss efforts 

with a Success rate lower than that if results of experimental breeding 

and advice were available through NMFS to hatchery operators. As 

such hatchery-bred lines develop predictable inbreeding problems, 

deteriorate genetically and are discovered to have too narrow a 

genetic base, they will be discarded again in favor of wild stocks. 

In doing this, considerable privatp. activity and funcis will be ex-

pended, but no real breeding progress will be ITlade. If there is to 

be an "improvement" of oyster stocks, a major genetic program will 

have to be formulated and implemented. 

Related to genetics, and closely allied to improvement of oyster 

stocks, is pathology. Although effort has been expended in the study 

of diseases of adults, little has been done to solve these problems 

except to weakly steer the natural selection process. There has been 

little' consideration given to or work done to control epizootics of the 

. various life stages of oysters under aquaculture conditions. Funda-

mental re search must be conducted on the etiology of specific 

diseases and their cure. 

-15~ 
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Nutritional problems are both short-.;,. and long-range. One of 

the most pressing problems, however, is the development of "artificial" 

foods. Although the culture of algae for larval food is fairly dependable, 

the development of artificial food vvill be required to establish a viable 

aquaculture system for bivalves. An understanding of the nutritional 
~-

reilmrement s of all stage s of development rna y help to minimize the 

incidence of disease, as well as promote faster growth and fatter 

animals .. 

Alternative rearing media to natural seawater, such as artificial 

seawater and seawater from wells, must be developed for those life 

stages which aremost sensitive to poor water quality. Effective use 

must: also be made of w~.ter-qu .. a.lity improvernent techniques, SUGh as 
- _. _l<'~.... . -

UV ° dO ° 0 - h ° to d fOlt ° '--I' H h lrra labon, Ion exc ange, ozonlza Ion an 1 rabon. atc ery 

engineering is a critical key to reducing the unit cost of the final 

product. A great deal of engineering effort will have to be expended 

during the development of a hatchery to design an efficient system. 

A lthough general designs of a system with a proven output can be 

defined, dif:ferences in locality and the organism involved will neces-

sitate optirnization for a particular problem area. Engineering input, 

that is, improvement of present designs, must be accomplished with 

the assistance of a competent biologist. 

-16-
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Along with optimization studies on a given hatchery, the economic 

a spe ct s should be defined. Studie s should be ba se d not on the pre sent 

static concepts utilized by the industry, but on the normal analysis 

performed in other industries (feasibility, marketing studies, etc.). 

SheJlfisheries business practices, marketing., and supply methods must 
~ . 

... 
-,~ 

be modernized in order to assure a viable industry. 

(2) Bay scallops - Long-range problems reported for genetics, 

disease, nutrition, culture systems and engineering and economic 

analyses of oysters are also of concern with scallops. Hatchery 

engineering, may, however, be a minor problem if the techniques and 

systems developed for oyster hatcheries are applicable to scallop 

so similar, especially in their early stages, the expertise that NMFS 

scientists can bring to the further development of oyster culture can 

also be applied to the solution of problems lnherent in scallop culture. 

(3) Other species/varieties of mollusks - Screening and systems 

development of those species suited for multispecies or mass culture 

for economic protein sources will be revealed by subsequent studies. 

-17-
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D. RESEARCH EMPHASIS 

1. Objective s - - FY 1975 and 1976 (with reprogrammed funds) 

a. Nutrition - Determine the nutritional requirements 

for various life stage s of the oyster and to develop technique s 

for harvesting, storing, and preserving large quantities of 

phytoplankton which will be nece s sary for a viable aquaculture 

operation. 

b. Culture systems - Development of laboratory 

technique-s for raising the various life stages of the oyster 

under controlled conditions in the laboratory. Although con-

tinuous, year-round culture systems exist for the oyster, 

there are certain aspects of their early life,history, suc.:has 

mortality, nutrition, and genetic s, which are not fully under-

stood. 

c. Genetics - Specific areas of genetic information will 

be obtained that will make possible the development of oyster 

stocks with characteristics superior 'to the normal for wild 

stocks. 

d~ Disea se - Development and implement~tion of an 

inspe<;:tion system for routine diagnosis and identification of 

infectious agents, as well as the development and imp1emen-

tation of a program for diseaB:e prevention, treatment and 

control. Emphasis to be on hatchery-level mortalities. 

-18-
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2. Proposed Program: FY 1975-1976 

a. The present time schedule calls for reestablishment, 

through reprogrammed funds, of aquaculture research on 

mollusks, particularly oysters and bay scallops, in FY 1975 

for the lIZ-year starting January 1, 1975. 

b. The program would include integrated studies of 

genetics, nutrition and diseases. Engineering analysis and 

economic analysis would be implemented at a later date, 

probably under contract, as new funding becomes available. 

Although continuous, year-round culture systems exist for 

the oyster, for example, various aspects of their life history 

ar_e not fully under stood. ~t is nece s sary to continue to irn-

prove culture systems in order to raise oysters at maximum 

production. This will necessitate the use of an experimental 

hatchery which can then be utilized in studies of genetics, 

nutrition and disease. Genetic studies will include selection 

and inbreeding experiments in order to develop a domesticated 

Btrain of oyster adapted to commercial production. Nutri-

tiona1 requirements of the various life stages of the oyster 

must be determined, while the development of artificial foods 

is necessary for a viable aquaculture operation. A program 

-19-
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will be developed and implemented for disease diagnosis, 

control and prevention. While biological problems are 

pertinent to the development of a viable aquaculture industry, 

concurrent engineering analyses during the research process 

will permit the design and construction of a highly automated, 

-~~ smooth-flow system, guaranteeing maximum J.?~oduction a a 

minimum cost. Economic analysis, concurrent with and 

participating in scientific and engineering research on 

molluscan aquaculture systems, will provide the single-unit 

(cost) equivalent~ whereby the relative merits of competitive 

systems and their individual sub - systems can be compared, 

for cost effectiveness. 

Studies of nutrition, disease, and cuiture systems for 

oysters can be directly applied to scallops. Studies to 

identify and investigate artificial and natural environments 

that promote good survival and growth of juveni Ie scallops 

can be conducted concurrently with studies of culture 

systems for oysters. 1tIethodH for isolating and controlling 

such.areas for large-scale rearing of post-hatchery scallops 

will be inve stigated. 

-20-
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3. Objectives -- FY 1977 (with initial increases in funding) 

a. Nutrition - Continue maintenance and expand upon a 

stock culture collection of unicellular marine algae, purify 

strains, and make preliminary identifications of unclassified 

species. Continue operation of mass .rearing of algae. Deyelop 

techniques for harvesting, storing and preserving large quanti- . 

ties of phytoplankton. Develop facilities for studying food 

preference s and uptake by oyster s and other mollusks. 

Initiate studies on comparative effects of nutrition on cell 

composition of phytoplankton and on growth kinetics in the 

presence and absence.of growth-inhibitors. 

b . Genetics - Inbreed ne\';l lines of oysters El.n-d stLl.dy 

cross-incompatibility genes in these crosses. Use X-irratiation 

to induce parthenogenesis for pure absolute oyster inbreds in 

one generation and measure depression in these inbreeding 

.. -

line s. Conduct oyster selection experin1ents for various 

charactel's. Make individual crosses of oysters from various 

geographical locations and backcross inter-species hybrids to 

local types to introgress desirable genes from the foreign 

into the local types. Conduct cryopreservation studies of 

life rna Ie and fema Ie gamete s. 
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c. Disease - Initiate studies of bacterial and other 

disease s of larval mollusks in culture systems. Implement 

diagnostic services of oysters on domestic level with several 

state conservation agencies and industrial organizations engaged 

in aquaculture operations. Begin diagnostic-histologic services 

on foreign and dome stic level with oyster s and other mollusks 

intended for transfer or import. Start major effort in develop-

men-t of in vitro tissue and cell culture systems for growth and 

cytopathology studies and for further study of fastidious micro-

organisms requiring living cells for their replication. These 

studies will be conducted at the :tv1ACFC Milford and OXford 

labol~ a tOl'ie s and various 

agencies. 

Objectives -- after FY 1977 (with further and substantial 

increases in funding) .. Continue ea& of statements mentioned 

in (3) and add: 

a. Engineering Analysis - Develop and perfect generic 

concepts of efficient hatchery design as ~ basis for adaptation 

to and ultimate use on several different but commercially 

valuable mollusks. 
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Analyze and test all existing flow-designs for molluscan 

aquaculture systems. Determine critical engineering factors 

which adversely affect commercial feasibility. Initiate con-

struction of prototype test modules for each critical factor. 

Develop one or more conceptual flow diagrams for molluscan 

aquaculture (oyster, scallops), emphasizing capital - intensive 

methods and covering entire aquaculture spectrum from spawning 

to marketing. 

b. Economic analysis - Develop concepts and techniques 

whereby total of all costs can be determined accurately for all 

propo sed s ysten1 s and -to uti lize co st data to guide advanced 

- ~ 

re search and engineering investments. Develop information 

on optimal commercially feasible molluscan designs by 

simulation analysis. Also, utilization of simulation analysis 

to demonstrate commercial feasibility of approved systems, 

Analyze and prepare total cost figures for available molluscan 

aquaculture systems and subsystems. Determine cost-critical 

factors in each system for application of scientific and engineering 

effort. Initiate cost-effectiveness studies on initial industrial 

engi~eering design proposals. Determine degree of economic 

gap between feasibility and failure for all existing systems. 
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-( MOLLUSCAN AQUACULTURE RESEARCH 

AND COMMERCIAL OPERA TIONS 
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Research and development in molluscan aquaculture is being 

carried on by universities (with Sea Grant funds), by a number of 

states (partly with PL88-309 funds) and (on a very limited scale) by 

private aquaculture ventures. A summary of Sea Grant and PL88-309 

effo:-ts follows, as does a listing of commercial molluscan aquaculture 
~ 

op~;ations . 

It should be pointed out that commercially successful molluscan 

aquaculture today is characterized by high risks and many failures. 

An adequate technical base does not exist) and its development will 

depend on adequately funded integrated federal support and active 

research participation, particularly in achieving solutions to continuing 

basic problerl1s of Ilutrition, genetics and diQf:a8~. Sea~ Gl~z..ntisfu.T.i.dtrtg 

a number of projects, but until recently there was little attempt at co-

ordination and integra tiona Sea Grant is not funding, or is funding 

only marginally, the kinds of research outlined in previous pages. 

Coordination at the highest NOAA levels is critical to successful inte-

gration of research efforts in molluscan aqua;c'ulture. In the absence 

of such coordination it is important that a NOAA in-house group with 

active research in molluscan aquaculture be fully aware of all on-

going research and take whatever steps are reasonable to insure co-

operation and integration. This Center proposes to fulfill this function 

on an interim basis. 
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A. MOLLUSCAN AQUACULTURE RESEARCH IN THE UNITED STATES 

Considerable past NOAA (NMFS and Sea Grant) effort and funding 

have gone into the development of molluscan (principally oysters) aqua-

culture. These funds and activities have gone into several biological 

stup~e s related to aquaculture, such a s developing methods fC?r in-
". 

du~ing spawning, interbreeding, environmental and nutritional aspects 

of rearing, and selection for fast growth, early setting, and spat 

capture 0 Federal funds have also supported more applied programs 

in harvesting techniques, transplantation operations, preservation, 

processin'g and packing methods, mechanization and off-bottom culture 

methods, and economics and marketing studies. 

proximately 7 million dollars were invested by Sea Grant for molluscan 

and crustacean aquaculture projects at several universities. More 

recently, information provided by Sea Grant per sonnel indicate s that 

,-

for FY 1 74 alone Sea Grant has supplied over $600,000 of federal funds 

with over $275,000 of matching funds for support of 18 molluscan 

aquaculture projects. The largest grants were to the University of 

Delaware to study various a spects of closed system aquaculture, 

in'cluding studies on spawning and rearing, feeding, processing, 

economics, and system design; to the University of Maine for aqua-

culture work on breeding, genetics, mechanization design for grow-out 
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systems, and marketing and economics studies; to the Virginia 

Institute of Marine Science for spawning and rearing various species 

of mollusc s, for production of superior strains of oysters, for 

developing molluscan foods, and for management studies; to the 

Unb.~ersity of Washington for improving methods for molluscan 

~ 

c\~iht.re, genetic and disea se studie s, and for teaching and training 

purposes; to Oregon State University for developing shellfish 

hatcheries, genetic studies, and for devising methods to use heated 

effluents; to Columbia University for ocean aquaculture programs 

and energy conversion; and several smaller grants to such universities 

as Massachusetts Institute of Technology, University of Massachusetts, 

Florida State Univel'sity, and the University o.LGeorgia luT.utiliz"ation. 

, of \vaste materials in aquaculture, genetic.and nutrition studies. 

Exclusive of past in-house molluscan aquaculture research, the 

National Marine Fisheries Service has supported a large number of 

aquaculture projects primarily through PL88-309 and 88-304 funding. 

Since 1966, these Federal Aid grants to the States for aquaculture pro-

grams have amounted to over 2.5 million dollars with several of the 

projects directly involved with more applied aspects of molluscan 

aquaculture or shellfish farming. Thus, examination of the "Grant-

in-A id for Fishe rie s Pro gram A ctivitie s I! 1974 report indica te s many 
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grants to almost every coastal State. The molluscan aquaculture 

programs and activities are too varied and extensive to describe 

in detail but they include such projects as hatchery construction, 

development of disease-resistant oysters, increasing harvesting 

effi,c,iency and gear development, disease diagnosis of wild stocks, 
'-, 

sttia1es on environmental degradation and mortalities, economics 

and marketing analyses, technical assistance and extension services, 

shellfish bed rehabilitation and restoration, reef development, shell-

fish resource surveys, shell planting, spat capture, - shellfish products 

technology (processing, packaging, byproduct utilization), sanitation 

studies, catch statistics, and operation and maintenance progralTIs. 

Other feder~d fl.mding, such as _t:h,ose contributed by the ~conomic: 

Development Authority and the U. S. Department of Agriculture, have 

also been used for molluscan aquaculture programs carried out by 

private industry, universities, and State resource management groups. 

Examples of such grant-in-aid programs are those awarded to the 

Windmill Point Oyster Company and to the Maryland Department of 

Na.tural Resources and the Maryland Center for Environmental Studies 

to develop spawning and rearing techniques and for hatchery construction. 
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B. SURVEY OF COMMERCIAL MOLLUSCAN AQUACULTURE· 
OPERA TIONS IN TI-IE UNITED STA TES (AS OF NOVEMBER 1974) 

Maine - (Herbert Hidu) 

Abandoned Farms (Edward A. Myers), Walpole - raft culture 

of mussels, no hatchery . 

.. 
T'--::' Maine Coast Oyster Corporation (Deane A. Richmond) -

American and European oysters, h2.tchery and gro\v-out. 

Acadia Aquacultural Enterprises, Inc., Mount Desert - pilot 

European oyster grow-out, commercial by 1975, no 

hatchery. 

Maine Sea Farms, Harborside (Bob Mant) - concentrates on 

coho B;:t.lmon but also grows oystersino hatchery. 

Marcrafts, Inc. (Harold Arndt), Freeport - experimental 

hatchery for oyster seed, will go commercial in 1975. 

Tern Rock Ocean Products, Inc. (Newbold & Billings), Bass 

Harbor - pilot commercial culture of oyste r s (hatchery?). 

Many of the above firms and several individuals not listed are 

growing Budge seed oyster s experimentally and plan to become 

independent if trials are successful. 
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New Hampshire 

No inforn1ation requested. 

Massachusetts - (George Matthiessen) 

Aquadynamics, Inc. & Cotuit Oyster Co., Vlareham and Cotuit, Mass. -

oysters, seed from Fishers Island. 

Marine Research In-stitute (Ben Marshall), Duxbury, Mass. -

hard clams. 

Environmental Devices (Ed Brainard), Marion, Mass. - bivalves. 

Aquacultural Research Corporation, Dennis, Mass. - bivalves. 

Rhode Island 

No activity. 

Connecticut - (lvEHara Lab. ) 

Shellfish Laboratories (Ed Fordham), Stratford, Conn. - oysters, 

clams, bay scallops. Main hatchery closed, some scallop 

culture in eastern Connecticut may be underway. 

Bloom Bros., Oyster Co., Norwalk, Conn. - financed Fordham's 

hatchery and grew hatchery oyster seed on leased beds. 

New York - (Paul Chanley) 

Bluepoints Company, West Sayville, N. Y. - clams and oysters. 

Frank M. Flower and Sons, Inc., Bayville, N. Y. - oysters. 

Long Island Oyster Farms, Inc~, Northport, N. Y. - oysters and clams. 

Shelifi sh, Inc., We st Sa yvilIe, N. Y. - - clams. 

Shelter Island Oyster Co., Greenport, N. Y. - oysters, clams and 

scallops. 
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New Jersey - (Mike Castagna) 

Company name unknown, Richard Crema - manager, Great 

Bay, N. J. - oysters and clarns. 

Three other groups, unlmown names, about to start operations in 

Great Ba y area. 

No activity. 

Maryland - (Mike Castagna & George Krantz) 

Chesapeake Oyster Farms (Frank Wilde, owner) - mobile hatchery 

in the Choptank River - oysters. 

Robertson Resources, Ltd., Salisbury, Md. - oysters and clams. 

Virginia - (Mike Castagna & George Krantz) 

Windmill Point Hatchery (C. Morgan et al), Urbanna, Va. - oysters. 

No nall1e company (Ed Powell, manager) - Rappahannock River - oysters. 

L .. L. Burton Co., Chincoteague, Va. - oysters and clams. 

? Greer Co., Chincoteague, Va. - ? 

John G. Warren, Quinby, Va. - clall1s. 

North Carolina - (Mike Castagna & George Krantz) 

Coastal Zone Management (David Adall1s), Wilmington, N. C. -

oysters, clams and scallops. 

Sll1ith Products (Harvey Sll1ith), Beaufort! N. C. - oysters and clams. 
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South Carolina - (Mike Ca_stagna & George Krantz) 

No activity. 

Georgia - (Mike Castagna & George Krantz) 

No activity. 

Florida - (Geor ge Krantz and Winston Menzel) 

.... 
-.r.'T 

No activity. 

Mississippi - (Winston :Nlenzel) 

No commercial activity.-

State is building a hatchery for oyster culture. 

Alabama, Louisiana and Texas - (Winston Menzel & Richard Neal) 

No activity. 

"il''IT 1., I"T'YT'- .. .. • ~, .. , 

wasillngL:OIl - \ VY llllCiTn Duagej 

Lummi Aquaculture Project, Bellingham, Wash. - oysters and fish. 

Joseph Engman, Paulsbo, Wash. - Japanese oysters. 

Bay Center Mariculture, WiUapa Bay - Japanese oysters. 

Coast Oyster Co., Nahcotta, Wash. - Japanese oysters. 

Oregon - (William Budge) 

No activity. 

California - (Wi lliam Budge) 

Tomales Bay Oyster Co., Pt. Reyes St. - oysters. 

Pacific Mariculture, Elkhorn Slue - oysters and abalone. 

International Shellfish Enterprises, Elkhorn Slue - oysters. 

Pacific Ocean Farms, Monterey - abalone. 

Marine Research Associates, Morro Bay - abalone. 
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SECTION IV 

DETAILED PLANNING DOCUMENTS ... 
. -r~~ .. 

FOR MOLLUSCAN AQUACULTURE 
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The following Task Development Plans for 11011uscan Aqua-

culture in the Middle Atlantic Coastal Fisheries Center were 

submitted for approval by higher offices on December 23, 1974. 
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Field testing of natural population hybrids. 

Demonstration of geographic population hybrids; dissemi­
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Experimental between--species hybridization 

Production of vJide hybrid seed f6~~ industry; demonstra­
tion of, dissemination of information on, usefulness of. 
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Developme-nt of gamete cryopreservation techniques suit­
able for commercial use. 

Successful freezing and live recovery of male and fe­
male shel"lfish gametes, 
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29. STATEMENT OF NEED 

Pri~~~~J}g~acLll!lit~_ - A general conclusion of the 1972 NOAA Aquaculture 
SurveYlby r'.'larde i a Corpo ra t'j on), the Sect i on on Economi cs, \,/as tha t "economi c 
factors in the U.S., corr.bined with legal and technical inhibitions -indicate that 
technologically intensive closed-cycle systems would eventually provide the best 
chance f~ U.S. aquaculture operation". To var'ious degrees this conclusion might 
'be argued. HOVJever'5 that the shellfish industry Hill be moving in this direction 
in regard to hatcher'Y production is certain. Rearing successfully the oyster, 
other shellf'ish, any animal, under intensive, artificial conditions necessitate;; 
considerable alteration of the vrild genotype. Part of the reason commercial shell­
fish hatcheries make no profit~ even though basic hatchery techniques are well 
worked out, is the lack of organisms truly suited to artificial production. Applied 
genetic research could \'Ie11 aid industrial initiatives in their development of 
hatchery profitable strains. This work, however, must be supported and conducted 
a 1 0 n 9 \'/i t hap p 1 i e d \'10 r k 0 n nut r i t ion and dis e a s e . Its s u c c e s S vJi 1 1 bel i mit e d by 
advances in these other t\vo areas. Along \'Jith, the appl ied genetic ~'lOrk must' be the 
advance of basic genetic knm'/ledge about shellfish. The idea of continued success­
ful .application of the ft~uits of mission-oriented research to the fish industry 
without an increase in the base of the present limited genetic knowledge about fish 
is sinlpl~}' \;i~.hfL!l thin~~in~l. Cctntras·t all \~J:~' !-~nQ~.; aboLit plants 2nd m~rr.n:21s5' cereal; 
and poultry to what is known about fish to realize why fish breeders have a need 
to enlarge the base of information on which they operate - ~hy indeed they have a 
right to have this work supported. 

Public Aquaculture - Far too little is known about the genetics of shellfish 
for management o( publ ic beds to be conducted in such a v/ay as to make maximum use 
oft h e full g eli e t -I c po ten t i a 1 a f va rio usc 0 mme r cia 1 s r e c i c s . ( F ish i n 9 the s e bed s 
is still the main profitable enterpris~ of the industry.) This lack of knowledge 
makes for over-conservatism in attempts at improving wild stock beds, or results in 
simpie neglect of presumed spawning beds. At the same time many of the wild gene 
pools that b}~eeders \Vill need to call upon for continued domestication of hatchery 
strains will probably risk loss in the future. 

~ec"Lfic Needs - Specific genetic needs of the shellfish industry to which this 
Task is addressed then can be broken down as follows: (1) Oev~lopment of those areas 
of applied genetic research on shellfish (and other fish as the program evolves) 
that commerciul hatchery producers Hill require in selecting their O\'m hatchery 
strains - strains which will enable them to realize a profit from their hatchery 
enterprises. Just \.."hat will be required.here has been determined on the basis of 
(a) what \'Jas required for the development of profitable agricultural plants and 
animals allowing for historic differences in agriculture and fisheries; (b) what 
sort of inform~tion is necessary to answer industry·s specific request for infor­
mation regard-ing their breeding endeavors. Commercial producers are presently 
mostly concerr.2d about problems regarding selection and inbreeding. A shellfish 
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29. STATEMENT OF NEED (contd) 

industry relatively unsophisticated in genetics, remains un-enthusiastic about any 
use of hybrids at all. 1'10st attent'jon (lccordingly \"iould focus on selection and 
inbr€eding. Some attention though must be given to wide hybridization. NMFS would 
be in error to follmv industl~Y's 11100d on hybrids. Almost all of our highly prof­
itable food species in the U.S. derived from some or'iginal \'Iide hybrid crosses 
\I/hich bt~ought together the gene combinations necessary for their successful com­
mercial exploitation, genes highly important as the species passed fr'orn \'Jild to 
domesticated or cultivated state. (Moreover, hybrids are invariably what attracts 
most scientific, popular' and sometimes ne\'.' rna}~ket attention.) /\1so an applied 
program of inter-species hybridizat"ion would certainly lead to the uncovering of 
much basic information on shellfish species of yet unpr'edictable bLAt certain prac­
tical application in other' breeding studies, as \':ell as in 'industry. 

(2) Concomitant with this t"equi,red development of pract";cLll information is the 
need to enlarge the background base of genetic knowledge about shellfish essential 
to the long-range success of commercial br'eeding. 

(3) There is a further need to undejAst.and the g'enetics of v{i 1d shellfish pop­
ulations to open the possibility of maxinrizin;.l orofit fro;n reSOUi~ce manage!~e(lt 
that Lakes irlto full consideration the genetic potential of different wild population~ 

(4) Lastly there is the need to promote the conservation of wild gene pools 
of shellfish that will become increasingly valuable in the future as sources of 
needed genes for hatchery strains. FO}A exampl e, genes to yet unknm'm hatchery 
diseases that will sUt~ely find expression as domestication advances and hatchery 
production takes precedence over the wild fisheries. 

30. ACTIVITY PLAN 

Methods employed will be those standard for mass selection programs, selection 
in two directions with randomly breeding control. Attention to population size, 
inbreeding intensity and selection intensity; computC1tions of selection progress 
by standard senet':c methods. Inbreeding by full-sib crosses, and in small closed 
populations. Also by induced parthenogenes'is by radintion follov/ed by experimental 
doubling of chromosome numbers. Hybridization, by necessity, by large numbers of 
single crOS"5es. Some research on fertilization inhibition as a means of obtaining 

large-scale mass hyb}~idizations. Experimental \"iork airlled at forcing otherwise 
incompatible inter-species crosses. 8ackcrosses of \·;;ue hybt~ids to local COll1mercial 
adapted types. Some ,use of special recirjrocal recurrent selection program in 
inbreeding and hybridization 1<lork. ~1utagenesis by gallllna- and X-irradiation and 
with Illutagenic alkylating agents. Some \'Iork on cryopr'cservation of 1 ive g.::llllctes as 
a means of fJcilitating genetic pi~ogress. Cyto~J0netics to be eillployed in aprra'jsing 
cross results\ as in inter-species hybrids and intense inbrel'ciinu and sterility 
effects. Species, mostly oystet~s; also SOllle other shellfish, possibly other fish 
as prograr:l ova 1 ves. 

-41-
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31. TASK OUiPUTS AND GENEFITS 

1. Information on and demonstrations of prog)~ess J:l--1 selective breeding 
mas t 1y oj's ters :_other shell fi s h 

_For" a lar'ge var'iety of commercially important traits (including' possihly 
dis~a~e r~sistancc) sound information would be developed for hatchery breeders re-

. garding-':tne likelihood o-f improvement by private selection programs \'iithin commer­
cial hatchet"ies. This information would relate to different founding individuals, 
various degrees of inbreeding, and different selection potentials. Once set up, 
experiments would be continued from generation to generation to obtain continuous 
information on the presumed limits of impl~ovement by selective breeding. There 
would also be test hybridizations of selected lines for superior m~rket oysters. 
Such mass selection expe}'iments with random breeding controls would serve as a 
continuous source of infor'rnation to industry, provide scientific data on the oyster', 
and at the same time be a very visible demonstration of science at work for the 
fishery industry. 

There \'JOuld be accumulation of su.fficient infot"lnation on all the parameter's 
involved in scientifically based selettive breeding so that industry can be advised 
on their breeding pr-oblems \'!'ithout having to reso!~t to ne~'1 research exceptin 
linrited hlsLances; also enough infol':TiiJtion on S21ect-ive uteeJiny of sr':2'i1fish for 
industry to plan more knm'/ledgeab-ly their own new breeding progi~ams. This should 
take about 10 years \I/ith important milestones reached every other' year on the 
average along the way. Advisory v:ork based on the information develOPed and dem­
onstrations could continue for years past termination of most of the experimental 
work on this Specific Task Output. 

2. Informat 'j on on and i n_bree9 i r19 __ defn.9J1s tra t i on~_f.QI i ndus trL~2£JJca ti o~; 
also fundamental ~netic informati9J~J:'esul t~_of int~~edin9 - mostly 
oysters; other shellfish 

Inbreeding, both severe and rapid and mild and slow, of several lines would 
be conducted for various purposes.· One of these would be to estimate how well shell­
fish that. are natural outbteeders can tolerate inbreeding; how severe and what form 
inbreeding depression takes in pelecypod molluscs. Another purpose \\fould be to 
appr·aise for industry the feasibility of producing superior hatchery lines by in-
ten s i ve i n b re e din g f 0 11 owe a by c r 0 s s - b r ee din 9 0 f s e 1 e c tin bred s t l~ a ins . Fin a 11 y , 
inbr'eeding should result in the IIsurfQ.cingll of genes useful in basic work and uS 
genetic tags for other applied research. Also, it would make possible an in~depth 
study of cross-incompatibility genes \'Jhich can determine the level of crossability 
in hatchery bred animals, and between different populations and species. 
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31. TASK OUTPUTS AND BENEFITS (Contd) 

Suffici2nt information should be generated to evaluate for' industry the 
usefulness and cost of inbrecd-jng programs for eventual production of hybrids 
bet\'leen inbred lines for market. This should take about seven years to complete, 

. but benefits will accrue along the way. Advisory work based on the information 
develope.d~ and demonstt~ations could continue for yea}~s past termination of the 

. experimental par't of this Specific Task Output. 

3. Information on and ·demonstrations of the tesults of with.~ecies_ 
.b.xbr'idi;:at-ion of natural o'yster populations - mostly Q.Ys(~!S;. other 
shellfish -----

Diffe~ent·geographic populations of oyst~rs within anyone species would 
be collected and test hybr'idized v/ith one another, then the hybrids experimentally 
or field-tested for specific uses. The purpose of this would be the combination of 
particular traits in·the hybrid that could result in superior hybrid types for 
re-stocking on ~'/ild beds oy~ grm"ling for aquaculture. This could include hybriris 
with increased environmental range or adaptab·j·lity, hybrids that vJi.ll thr;\;ebetter 
under stress of heavy pollution, particularly the larval phase, because of heterosis. 
Also, thpse hybrids \'{ould serve (:.s·· seed stock t~C:l~ me.s~_ selection progr'Jmsjn \'!hich 
it \';as oet:iii2J ot:st or vias necessary to include a·n assortment of genes from a wide 
a~ea, as for example, genes for disease resistance. As the applied aspects of this 
program develop, it can be ~xpected that considerable basic genetic infbrmation on 
different wild populatfons v/ould be uncovered of practical use in other aspects of 
the genetic program. 

Sufficient -information should be obtained to advise industry on value of 
hybrid crosses of \'Jild stocks in hatchery breeding pt~ograms, also to advise managers 
of the wild resource about use of such hybrids on natural beds. Demonstrations and 
limited information would be presented before the six years ended. Advisory work 
based on the infor'mation developed, and demonstrations could cont-inue for years past 
termination of the experimental part of this Specific Task Output. 

4. Informat-ion 011) demonstration' of, and production of inte,~-~eci-es hybrids_ 
pf oysters - mostly oysters - include genera other than Crassostrea; 
other shellfish 

- Inter-species hybrids ~vould be exper'imentally produced, studied and tested 
for commercial value. This work would involve a wide variety of species of different 
genera) some di stant ly re 1 a ted, others su"Spect of not havi ng a true spec i es rank 
being merely genetically distinct populations of the same species. Conunercial and 
non-commercial types al ike \-JolI1d be explored. Infor'mation resulting shoul~J be of 
use to commercial hatcheries, and also for management and stocking of wild beds, 
and for the opening up of new beds. Probably greatest use of the hybrids would be 
in backcrossing programs ~·Jith the favored prevalent comlllercial type. Backcrossing 
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31. TASK OUTPUTS AND OENEFITS (Contd) 

would lead to the incorporati6n of desirable genes (as for example resistance to 
larval diseases) from a generally less desirable non-commercial or unadapted species 
into the popular commer'cial type. The possibility even cannot be excluded that 
some Fl "hybrid vlould itse-If be a superior ,market type under ma'ny circumstances. 
Some small amounts of especially difficult-to-come-by hybri~ seed might be dis-

,·tribute-a"~to industry foy' experimental purposes. 

'CommerciallY practical methods should b~ developed to achieve wide species 
hybridization v;hich cannot occur under normJl conditions of laboratory or hatchery 
fertilL~ation; also a large ellough number of hybrid combinations should be tested 
to get a good enough evaluation of'~uch hybrid usefulness. These should' be a 
demonstration of the role of wide hybrids as one step in a hatchery program involving 
backtrosses of Fl hybrids to lo~al types v;ith se,lection. F"inal1y there would be' 
the production of some initial hard-to-collle-by seed for industry. Advisory vlork 
and demonstr~ations could continue for years' after experimental portion of ~his Specif 
Task Output is completed. 

5. Studies on experimental mutation br~eding ~? applicable to unique problems 
~X' ~:sh~_11 Lt~J ;_l?";~~_~_djl,~j~q" _,-:--,-,}l1~.sJ.l,."L qZ~,t_E~r~~'_~ ___ qtLi_~'~ __ s he 1· Lf ish 

Evaluation of the usefulness for applied breeding programs of inducing 
mutations in shellfish by ionizing radiation ~nd recognized chemical mutagens. 
At the sarne time develop a basic understanding of mutations in these gY'oups. Pre­
serve any basically useful genetic markers that are induced. (Also Use radiation 
as a means of inducing par'thenogcnesis by 'induction of lethal mutations in sperm.) 
While this is a more radical approach than the ones just li~ted above, it is jus­
tified by the primitive nature of shellfish, their enormous fecundity, and paucity 
of easily handled marker genes. {\lso, a very rapid domestication of the oyster in 
the genetic sense could probably well utilize genes readily available now in these 
species only through mutation. For example, a (lIutation expressing itself in some 
aspect of larval morphology or physiology might broaden the spectrum of micro-algae 
on vlhich fastidious larvae must be fed in commercial hatcheries. (Such an approach -
induced mutagenesis - has broad public and scientific visibility.) 

Sufficient knowledge should be generated to evaluate mutation breeding as 
an approach to rapid domestication of wild shellfish for intensive, artificial culturE: 
There should be isolation of Saine induced mutations for commercial use and for basic 
research. Advisory work and demonstratiDns could continue for years after this 
Specific Task Output is tenninated. 

6. f!'yopreservation Qf male and fen!9k.l@mete~_of shellf.ish 

Research \'JOuld be conducted on experimental cryopreservation and live 
recovery of both male and female 9urnetes of the shellfish. There \Vould be work on 
the develorment of gamete preser\/Jtion techniques suitable for commercia.l use. 

-44-
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31. TASK OUTPUTS AND 8ENEFITS (Conte!) 

7.. Con-~ervation_ of important vli1d gene pQols of shellfish for future 
, comr:lerci a 1 lise 

, -( First the more important gene pools needing conservation would be iden­
tified_; ... in part from results of selection 'experiments, studies of hybrids betvJeen 
differ~rit geographic populations within a species, and of inter~species hybrids. 
Conservation would be by information disseminated to those responsible for the ' 
wild resources; by act'ive collection and breeding of specimen groups; lastly 
possibly by cryopreservatio,n methods. 

Summary statement on Task outputs and benefits 

ThiS Task will develop the kind of genetic information,NMFS needs to 
answer the specific questions 'industry poses concerning the development of their 
own hatchery strains - strains which will, enable them to realize a profit from 
their hatchery enterprises. Such information will also enable NMFS to take the 

. initiative in advising industry on certain aspects of breeding in advance of industi' 
request fot such. Spec-lal gene pool'S conserved 'in rH'1FS lab,oratories or under tile 
Serv-jce's auspices \liould d-il'f:ctly benef-it i-ndustry. Industry and consumer alike 
\',iou-l d D(:ne Ti t f('orn the 'i mpr'ov2d IIId11 dgerne nt of \vi 1 d 5 he 1 If is rl bed s tna t v/OU OJ d be 
possible with increased knowledge of the genetic potential of different wild shell­
fish populations. As well as aid in future ho,tchcry production5 the information 
gained from the Task can so be appl ied by comnerci a 1 shell fish grov,;ers, Nf".1FS, and 
other federal agencies and state agencies in managing and protecting econo~ically , 
valuable shellfish resources. 

'I 32. INPACT OF TASK AUG~1ENTATION 
l- -
L.c 

Requested increase is essential to accomplish most aspects of milestones 
L' outlined in TOP. 
L_ 

[ 

b 
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33. CRITERIA FOR TASK COMPLETION 

34. BAC1~~UP DOCUr,1EUTATION 
~, 

(aTl,' NOAA Aquacultut~e Survey, 1972. Report to Participants. fv1ardela 
Corporation, Burlingame, California. 

2. Oyster genetics and future role of genetics in aquaculture - A review 
manuscript by A. Longwell and S. S. Stiles. Malacological R~view, 
1973',6: 151-172. 

3. The genetic system and bree.ding potential oJ the commercial American 
~yster - A review by A. Longwell' and'S. Stiles which appeared in 

. Ende~vour, 29(107): May 1970. 

4. Some impres s ions regard i ng geneti cs and the fi she r'j es of Japa n -
A ma.nuscript by A. Longv)ell - published as Ni,WS Circular' 388, 
p. 123··133,- as p3~~t af the Proceedings of. th;.:; Fi!"stHecting of the 
US/Japan Aquacu'l ture pane', of, tIle Natura', Kesources Council,' 'fokyo') 
Japan, November 1971. 

5. Oyster Genetics: Research and corlllnet~cial application.' Revievi by A. 
Crosby Longwell. Proc. Conf. Shellfish Culture~ Selden, Long 
Island, April 1960, p. 91-104. 

6. 'Evaluation of thE m~tagenicity'of ~arine contaminants for marine species 
as affecti'ng in-shore and off-shore fisheries. Informal,' in-house 
report by A. Crosby Longwell, 1974. 
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Fundin~ of this Investigatioii must be increased in- order to provide the 
information fundamental to the success of molluscan tlquaculture. 'You are 
what you eat' is a dictum that is most apt for species in aquacul ture. 
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29. STATEf,1ENT OF r~EED 

Pressures on land food resources demand that there be also an increased 
productivity from aquat-ic environments. The pctential for increasin9 aquat·jc 
productivity through controlled aquaculture has been largely untapped because of 
fundamental problems in the methodology. The consensus of op-inion is that an 
~increas_e-in aquatic' p'roductivity through aquaculture should be provided by the 

, "pr'ivate''''sector but assistunce in prob'iem solving and the introduction of innovative 
procedures can best be provided by govcnlrnent scientific laborator'ies as a public 
service. 

Commercial shellfish operators consistently urge that high priority emphasis 
be placed upon the problem of providing nutrition to the animals in aquacultur'e, 
Obviously, the' ability to feed animals nutrients that will s~pport growth, that 
are non-toxic and are economical is fundamental to the success of any aquaculture 
efforts', 

At present unicellular marine algae are cultured for use as molluscan foods 
r along the lines developed in the past at the t~ilford laboratory_ The method has 
I numerous i nherentbenefi ts to ach; eving the end 90(11 but a 1 so presents many prob­

lems to the con~:712r"ciul aqLwculture producer. The possibility of developi,n'J other 

I 
L· 

L 
L 

r= 
L~ 

L 

food S()u'rces should be pUl~sued. IhlS lntorrilat;on shoulCl l)e based upon lllronnatlOn 
on the nut r i t i on a 1 re qui r erne n t s 0 f the sea n i mJ 1 s as far as i tis po s sib 1 e to de..,. 
termine thcr.1. Allied to the need for providing commercial aquaculture vlith infor­
mation on nutritional' requirements and how to provide this nutrition are other 
factors, such as cost, ,engineer'ing of feeding system, acceptability of food material 
at different life cycle stages, and monitoring for the invasion of pathogens. 

The intent of this Task is to provide information on the cultivation of rnar-ine 
phytoplankton for molluscan foods that v,'ill improve the method currently available 
and will provide an immediate benefit to the, industry \'/hile a mOfl~ ideal food is 
being sought. To accompli'sh this Ta:sk research \·till be conduct.ed on the chemical 
and physical factors that affect phytoplankton growth~ Nutritional requirements 
of molluscs will be investigated'as they relate to living and non-living food 
sources. 

30. ACTIVITY PLAN 

This Task will utilize basic methods for studying the nutrition and physiology 
of marine phytoplankton food-chain orga,ylisrns. This information will be applied to 
the development and improvcll1ent of existing large-scale culture methods. 11ethods 
for efficient harvesting and for long-term storage of this product will be sought 
to increase efficiency of mass culture operation. Activities will then proceed to 
experiments on replacing the living food with a partially or v/holly synthetic food 
product. Simultaneously a critical system for eVc.11uation of nutritional supplements 
will need to be developed. 

-51-
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L 31. TASK OUTPUTS ANG BENEFITS 
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r 

1. Information on the ma'intenance of a collection of marine unicellular 
algae under controlled conditions will become available. 

2. Methods of obtaining and maintaining axenic phytoplankton cultures 
will be ivailable. 

3. Production of large quantities of algal foods for utilization by 
rnollu~cs. ' 

4. Information on the effects of various pollutants on algal growth will 
become available for determining potential productivity of natural bodies of water. 

5.- Information on cer'tain aspects of nutr-ition and physiology of pure 
cultures of marine algae will be published. 

6. Methods for obtaining axenic molluscan larvae for use in critical 
nutrition studies \'1i11 be developed tQ support critical evaluation of molluscan 
nutri ti on. 

7. Infoi-iiiatioii Oii Litilizat;oii of iir·~ct~oSc;optc 2ilg(i2 ZlS foed sou,~(,'f:s tv e,:-t2(id r- the current options available in aquaculture. 

( 
l-= 

f : 
L- . r-: 

8. Information on utilization of'synthetic nutritional formulations as food 
Sources to extend the curTent options avai"lable in aquaculture. 

9. Consultation on best methods of providing nutrients for molluscan aqua­
culture \'>/i1l be available to "industry. 

,32. IMPACT OF TASK AUGMENTATION 

At the present level of funding work can continue on maintenance of the stock 
culture collection and maintenance of the algal mass culture food production unit 
\',ith a minimum amount of experimentation in algal nutritional and physiological 
requirements. Hith the estimated potential increase in funding, in addition to the 
above work, investigations into methodology for evaluating nutritional food require­
ments in'molluscan larvae can be conducted, e.g., the culture of axenic larvae, 
testing of algal species for v/hich no information on food value is available, testing 
of synthetic nutritional fonTlulation for evalu3ting nutritional requirements in 
larvae, and work can also be initiated into determining nutritional requirements for 
other life cycle stages. 
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33. CRITERIA FOR TASK COMPLETION 

34. BACK-UP DOCUMENTATION 

b) 

c) 

NOAA Regional Aquaculture Wo~kshop Project #A/a-Ol, -Mardela Corp. 
Report. 

2. Informal Report No.4 - t'1iddle Atlantic Coastal Fisheries Center, NMFS -
Investigation Summaries - A summary of research in on-going programs 
\.Ji t h i nth e t·j i d d 1 eAt 1 ant ice 0 u s t a. 1 F ish e }~ i esC en t e r. . 

3. NOAA Heek. Nr·1FS ~1i-lford scientists develop a"'gae culture for shell­
fish food. 

4. NOAA Techn i ca 1 Report, m,1FS C i rcu 1 a r 388. Pl~OC. Fi rs t USj Japan 
meeting on Aquaculture at Tokyo, Jdpan. 

5. t-ionograph - "Continuous culture - a method for the production of uni-
e ell u 1 a r a 1 Q a 1 f () 0 d s !! - R. U k 21 r:s . Tn: H i1 n ct h 0 0 k (If P h v colo q i (>1.1 
f\1et.hods, J.R. Stein (ed.), Cambridge Univ. Press, pp:233-254, 1973. 

6. t·1onograph - "Nutritioi1al"requi}~ernents in shellfish culture" - R. Ukeles. 
In: Proc. Conference on A}~tificial Propagation of Commercially Valuable 
Shellfish, pp. 43-64, 1971. 

7 . r~ 0 n 0 g rap h - II C u 1 t i va t ion 0 fun icc 11 u 1 a r a 1 g a e II - R. U k e 1 e s . To a p pea r 
in a five-volume series in Mar~~e Ecology~ 

8. Mass culture of phytoplankton as foods for metazoans - H. C. Davis and 
R. Ukeles. Science, 134: 562-564, 1961. 

9. Dri~d unicellular algae as food for larvae of the hard shell clam, 
~1er'Cenaria mercenaria - H. Hidu and R. Ukeles. Proc. fiat!.' Shellfish. 
Assoc~53:'-85-l of~-T964. 

10. A simple f.lethod for the mass culture of rllarine algae - R. Ukeles. 
Limnol. OccJnogr., 10(3): 492-495, 1965. 

11 . I n f 1 u en ceo f d i no f 1 a 9 C 1 1 ate t ric hoc y s t san d ot her fa c to r s on t he 
feeding of ~J~~5_~os_trt?.~ -Yii'Sti_rl..i~i~ lat~vae 011 !'1ot~qS:_hJ'}'_~is_ JJ:~theri -
R. Ukeles and B. SvJeenoy. Lii!li1ol. Oce<.1nogr.·, 14(3): 403~410, 1969. 

d) This Task will htlve no advet'sc il;lpact on the environment. 
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TOP NumiJer: 

I 

of Pil9cS 7 
~1l\C~058-75-I\Q-A 

l ~ 
FB6410 - Aquaculture - Control of Molluscan Disease - FY 1977 

1-

" t ~ 

r~ 

29~ Statement of Need 

Increased exploitation of the nationls estuaries and coastal zones for industrial 
and residential developmeflt and r'ecreational activities has markedly reduced the 
area. 5 il va i 1 a h 1 e for' the pro d u c t ion and ha r v est 0 f f ish and she 11 f ish . ~:j 0 r e 
efficient and effective means to enhance U.S. seafood production nlust be found. 
Aquaculture methods req~ire: 1) an adquate supply of genetically desirable brood' 
stocks; 2)'methods to increase larval survival and normal development;, 3) rnethods 
to.,pr'ornotri~apid 9Y'm'ith. Disease i,s often a limiting factor to successful aqua­
culture operations. vlith increasing interest in aquacul tur-e, WI1ere populations 
reach maximum density and the transfer of susceptible stocks (as eggs, larvae, 
fry, fingerl'jngs) becomes a routine procedure, it is necessary to conduct scientific 
studies on the role of disease' so that its effects can be prevented, minimized, 
or eliminated. 

The successful application of disease research to the intensive propagation of 
-fish and shellfish in controlled environments would increase industrial 
initiatives for commercial aquaculture. A program of disease research would 
involve: 1) the develo~TIent and implementation of a research program for disease 
prevention and control, particularly i~ hatchery and nursery systems; 2) the 
development and implementation of an inspection system for routine diagnosis and 
identification of infectious agents; 3) contracts and interMisciplinary research 

. :)r'O_~Bcts ,in ·~~o·~·ff1.t~:rJ~--:~t~iGr~ \~litJ1 i.~l{Jus·tr"j/, u~li\!2r~sities, StG.~2~ ci1~ ; 2cjc"~a1 a0t:,",(: itS 
1- -- and-other research inst'ftutions; 4) legislation pr-oviding a favorClble cl irnate for 
II aquacultuy'c resedl~ch; e.g., specific NOl\!~ appropriations, Ilcoasta.l zone legislation," 

"ocean dumping (let,il and fish disease legislation 5 thus leading to coordinated 
programs with other NOAA elements such as Sea Grant and Federal Aid (88-309) 
projects. Information gene0ated would be disseminated to'all user groups and 
others interested in aquaculture operations, particularly industry, state, and L some university laboratories vlho cannot do the ,Iork themselves. 

30. 8ctivity Plan 

t As far as possible, research will be integrated with ongoing Pathobiology 
Investigations nm'l dea"ling primarily with diseases of wild fish dtld shellfish. 
Resear"ch emphasis will focus on prophylaxis and treatment of infectious a~id non­r

L
" - infectious diseases of 'larvae and juveniles of selected shcnlfish species produced 

~ under hatchery systems. Subsequently, diseases occurring in nursery systems and in 
adult and reproducing populations, both foreign and domestic, wi11 be studied. 

r~_~ Field and laboratory expet~iments will be implemented to test hypotheses on disease 
~i contt"ol and to test fishery management practices as they apply to various phases of 

aquacult.ure operations; particularly in hatchery systems. Techniques will be 
E developed to: 1) monitor', isolate, identify, culture, and diagnose micropathogen 
b ~resence; 2) determine the meChan)isms of micrcpathogen transmission, penetration, 

lnfectivity, host specificity; 3 qualitativl~ly and quantitatively measure micro­
pathogen activity and host responses via biochemical, cytological, physiolog-ical, 

(_ i mrn uno log i cal, and b i 0 p h y sic a -1st u die s . ' 
= 
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30. - cont fnu ed 

r 
[ - Long~-r2nge plans c(1.11 for implementing research activities as described above 

,to include spec~es of crustaceans and finfish . 
. r-:-
~ t 31. Task Out~lIts and Benef; ts 

t- -
! 
I -

1. Output s 
- I ... , 

. -~ Successful implementation of this task and consequent productivity 
therefrom \'/il1 ~2ri11it the: N;·;FS to serve as a national and intcrnat~onal clearing 
house and disseminator of technical information on disease control in aquaculture 
systems, including est3blishment of disease registries and publication of manuals, 

'bulletins, brochures on diseases encountered in aqu~culture and methods for disease 
control and prevention. It will permit NMFS to integrate inhouse rEsearch projects 
\'lith Federal, State, univc-rsity, and other research laborator'ies in order to 
provide training facilities and to implement and augment programs to prevent diseases 
in hatch~ry and nursery systems. 

B. Research productivity and termination of task elements will be 
measured through successful operation Qf aquaculture programs of cooperating units 
and through communication of results in the ~cientific literature and in industry 
pub l-j ca ti ons. 

-f 2. Benefi ts 
i 

r= 

Task outputs would substantially benefit those user groups whose success 
in various aquaculture operations are precluded because of problems related to 
disease. Examples are: ·inability to bring molluscan species through larval 
and j u v e nil est age son a OJ ass sea 1 e to a poi nt\'/ her e they can bet ran 5 p 1 ant ed 
sue c e s s full y ; s pre ad i n g of dis e a s est h r 0 ugh i n dis c r i rl ina t e t ran sf e r of ani rna 1 s 
for farming or for use as brood stocks which may harbor infectious agents; 
inabi1ity to l~ecognize signs of abnonnal \'/ater quality conditions or the presence 
of infect'ious disease entities in the environment in \yhich the animals are gro\'ll1 and 
inability to distinguish these organisms from innocuous ones; 1.ack of reliable, 
objective, readily usable information for solving problems in disease related 
molluscan aqu2culture. 

L- 32. Impact of Task r~ugmentation 

FY 1975: This TOP represents a modified submission in \·Jhich funds for the. 
last half of FY 75 are,to be reprogrammed~ Specific actions for FY 75 include 
reprogrcmming rart of the current Comparative Pathobiology task to the control of 

F aquacu'lture diseases. The totJl fY 75 funding for this task is 20K. Of this 20K 
~ and 1 man year \,/~ll be reprogrammed beginning JanuJry 1, 1975. This vli11 o!Jviously 

reduce the amount of available funds, activity," and output for CompJrative 
Pathobio1ogy I~vcstigations at Oxford. 

L 
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,fJ __ 1..97~: Specific reprogramming action for FY 76 fnclude the same proportion 
off II nd san d per son n e 1 \1 e P fa 9 r a mm edt he pre v i 0 us yea r; i. e., 40 K and 2 rna n yea r s . 
The COillparotive Pathob-jology Investigation will decrease' cOl'Tespondingly in terms 
df funds, persoT}nel, and output. 

FY 1977: An additional 83K increase for this task is anticipated a10ng 
\'Ji th jrlew cei 1 i ng s. 

33. 

.. 

34. 

Criteria for Task Completion 
.. 
-r.~. 

, , 

Back-up Documentation -._---

A. 1. Shellfish Institute of North America - resolution to reactivate 
molluscan aquaculture studies - genetics~ disease, nutrition. 

2. Mardela Corporat-ion report to NOM - includes NrvlFS needs to 
study molluscan aquaculture - disease) nutrition, genetics. 

B. Related task~ ~ none on diseases 

Inhouse (NMFS) aquaculture (hatcheries, nurseries) 
Center, Milford, Conn. - Oxford to do cooperative disease studies 
Sea Grant-University of Delaware - Oxford to do cooperative disease 

; studies; 8S-30g/Federal Aid-State of Maryland - Oxford to do, cooperative 
disease studies. • 

c. legislation not required 

D. No environmental impact statement needed.-

t,.n. 
-vv-
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1. DATE PREPARED 
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(Submit live copies by 1ttn. 2) 
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National Oceanic and· 
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BY TARGET I BY + I INC. 
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Spawning and Rearing of Molluscs 
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Objectiv~3, Subgoal A, Goal III of the P,E,D.{ Ie 

Develop'ing method for rearing surf clams to minimum 
market size in controlled labor'atory environment. Base ft 

f_undi_.QQ . X --

t -

I i 
-- X 

A 

L_ 

l) 
-:;J A 

5 J\ 

I 
6 fJ. 

L 

Developin~ ~ommercially practical) large-scale rearing 
of the surf clam to market size. Funding increC!s~ 

Developing method for rearing the bay scallop through 
the juvenile stage in contt~olled laboratofY environment. 
Sa s e _L~r!..cl~iI19. 

rearing of 
F"nri:; nn 

Uit"' •• ~ 

Developing field methods for 91"o':lin9 juvenile 
scallops to market size. Funcli.tJ9 increase 

Determining amenability of the calico scallop 
trolled culture through the juvenile stage in 
laboratory.- Fundinq inc~'ease 

bay 

to con-
the 

funct,i on 

X' 

,- -- --:-r 
I .,1 X 

)~ 

Rearing bivalve larvae and seed as a service 
for other Aquaculture Investigations Tasks, Base 

.[: ,. 
I ~ll9_1_~·_ K .. - -.. - -- ._-- -_. -.-

lam Complete.laboratot'Y method '.for rearing surf c 
mi nill1ulll market si.ze by December 1976, Bas~ 

to 

9 E 

L 
Complete la15or2ttory method ,for rearing bay s-c 
through tile juvenile stage .by December 1978. 

undi 119_ 

allop 
Base funrJit ------- -- --
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'1t-!r'1 Complete_a-methodfor large-scale rearing of the surf 
clam to-ntrnimurn rna.rket size in controlled environments 
by December 19,8. Fundi n9 . i nCl~ease 

f 
~ 

1 III ~1 

I 
Complete a method for large-s~ale rearing of the bay' 
scal'lop to the field II gro\loJ-out" stage by December 1979. 
Fu nd i D_9 in,c rease 

Complete fi~ld methods for growing juvenile bay scallops 
to market size on a commercial scale by June 1981. 

II 
III 
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[~ 

I un c\ i nS.Li ncr e as e 

-
21. OUT YEAR COMMENTS 

t--
-.- (elloc;: .(;;>propfidld boJ'Cd!l nna 
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d. TermirLHion 

0 } [] 
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Reference NOAA Form 32-1·f,\, henl l~. hl~~ay ;)11 Cuif-time p,;rIll3nem p;sitions reL.ltl:J~~-;his Task-for-~ -
the budger year .10d all positions rcqu~.:!~,;tt'd [l)[ blidget year + 1 increases. Do not include support personnel; 

they shonld n::::I:'~ ::~O~'i2~Of"iHe "'P'H>ftrTns:
s 
Dc\·c1~·['rncnt Pla:·A!\[ Of ItlCUMBEHT % (IF TI,IE 

. LEVeL (If no inclJ.!liln·nf, flfl((.r "I'ncwlf") SP[HT ON 
TIllS T AS I( 

--~-------------------~--------
irector of Inve stigations 15/6 001 James E. Hanks 25 

echo Pub 1. E_ditor (Fish. BioI. ) 9/8 014 Rita Riccio 25 .. 
-r.~, 

ishery Biologist (Re s. ) 13/6 003 Warren S. Landers 100 

ishery Biologist 11/1 009 Edwin W. Rhodes, Jr. 100 

ishery Biologist 9/1 018 Way-he D. Cable 100 

Persornel In:::rease Required 

ishery Biologist 7/1 Vacant 100 

ishcry Technician VaC41nt If'\() 
';'1,./'-" 
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ACTIVITY PLAN 

TASK OUTPUTS AND BENEFITS 34. ·BACK·UP DO~UM~NTATION 
8. Dcwil DL'C"'!1~·~nc·,ti(j!1 (P:ovid" ~.-;c s~n'''r.co dc.>crlfJtlon.) 
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29. STATEMENT OF NEED 

This Task will contribute to Objective 3, Subgoal A, Goal III of the P.E.D. 

As the \'lorld demand for food, including that from the sea, increases, it 
becomes _9_warent that tile cont}~ibution from the vJi ld stocks of marine fish and 
. s""} ell f ish i s 1 i mit e d by nat W' ill re s t ric t ion son the pop u 1 a t ion S 0 vcr VI hi c h rna n 
has little control. A new approach to fish and shellfish production which will 
supplement the wild harvest IDUSt be developed. The most promisiD9 appears to be 
aquaculture - the rearing of aquatic animals for human consumption under the com­
plete control of the culturist. To be successful, the life history of the species 
being considered for commcrciai culture must be cOlllpletelyundersto()d and the 
physiological) nutritional and ecological requirements of each stage of developGent 
determined and satisfied. . 

The most dependa.ble~ year'-round culture systems for molluscs that nO\'/ exist 
are for several species of oysters and the hard clam, f:1ercenaria met~cenaria;. but 
even vlith these spec12s, there are aSRccts of their ear-ly -fife----h--lstm~y~--suc-h as 
nutr-itional requir'ements a.nd susceptibility to disease, that are not fully under­
stood. ~!"ith other' species~ such as the ba.y- scallop, much mon~ life history \'Iork 
is needed. 

The intent of this Task is to develop laboratory techniques for maintaining 
and spavming commercially valuable and potentially valu()ble marine molluscs and 
rearing their embryos, larvae and juven-iles in the laboratory. These investiga-Uons 
will be directed toward the development of aquaculture systems which can be used by 
the industry fOr~ commercial-level production. 

30. ACTIVITY PLAN 

Standard methods available at this laboratory and ill the literature which have 
proven successful for' culturing the oyster a.nd the hard clam will be used initially 
in attempts to deVelop hatchery culture methods for other bivJlve species of kno~'m 
or pot e n t i ale 0 mme Y' cia 1 val u e . Bee a use e a c h s p e c i e s has c e r' t a i nun i que r e qui rc­
ments, these nlethods may have to be modified or nCld technical approaches developed. 
Attempts Idill be made in logical sequence (inducing gametogenesis, spa\'ming the 
adults, rearing the larval stages, gro\A/ing the post-set stage immediately after 
metamor'phosis and finally rearing the juveniles to the ligr'o\'J-out" stage in thc-: field) 
to adapt proven techniques, many of v~hich originated at Milford Laboratory, to the 
culture of new aquaculture candidates, modifying these techniques when necessary. 
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31. TASK OUTPUTS AND 8ENEFITS 
r--c 
~ 

i~ The reproductive hJbits and early development of commercially valuable 

r 
I 
[ 

[ 

b 

marine molluscs will be determined in the laboratory. Subsequently, environments 
in \'Jhich various mar'jne molluscs cun be spa\.'med and their erilbryos, larvae and 
juveniles- can be reared to the adult stage will be developed in the hvtchery and 

, ·in the -Treld at commercial level s of pt~oduction. 

The information obtained from this Task \vi11 be of direct benefit to the 
development of aquacu'lture in general in the United States and to molluscan aqua­
culture in particular. Life' history data vlill be useful in the n:anagement of 
wild stocks of the species invo1ved and will bean aid to the nationwide NMFS 
effort to protect our living marine resources. 

32. IMPACT OF TASK AUGMENTATIO~ 

C. An increase in funds for BY + 1 ,will allow this Task ,to expand its 
activity', which ~'Ji!l be comlll'ltted exclusively to the development 'of laboratory 
cultLwe methods during the CLwrent Year and the Gudget Year, to the pr'oblems 
of scaling ~JP cu1ture methods to the? pilot hutchery 1ev'21 and to field "9rm,:-out" 
methods, 

33. CRITERIA FOR TASK CO!·lPLETIOi~ 

34. BACK-UP DOCUMENTATION 

(a) Infonllal Report No.4 - Hiddle Atlantic Coastal Fisheries Center, Nf"FS -
Investigation Summaries. 

Report of the ~1ardela Corporation, January 1973. 

Sea Grant studies on rearing of marin~ organi~ms at numerous universities. 

A Draft Outline for the National Fisheries 'Plan, Dept. Commerce, NOAA, 
NMFS, August 1974. 

Aquaculture in the National Oceanic and Atmospheric /\dministration, 
Special Emptwsis Document - Harold L. Good~'lin, Program 1\1a'nager, Sep­
tembet~ 1973. ' 

A Cor:-d,ng of Age - David H. vJal1ace. In "Aquacultul'e Section ll
, NOAA, 

Vol. 1, No.4, 1971. 

-66-



- Page of Pages 
6a 6 

MAC-059-77-AQ-A-l 

34. BACK-UP DOCUMENTATION (Contd) 

Ocean Harvests: Promise and Practicality - C. P. ldyll. In 
IIAquacultute Section", NOAA, Vol. 1, No.4, 1971. 

A~uaculture in New Eng12nd - Gates, Matthiessen and Griscom, Univ. 
~~ Rhode Island Sea Grant r,1arine Technical Report Series No. 18, 1974. 

Aquaculture: A New England Perspective ~ T. A. Gaucher (Ed.). New 
England Marine Resources Information Program, 1971. 

The Status and Potential of Aquaculture, Vol. 1 - John H. Ryther, 1968. 
Clearinghouse, Springfield, Va. 

Marine AquicLilture, HilliClJll r~cNeil (Ed.). Selected Papers from Con­
ference on r~arine Aquiculture, 1970, Oregon State Uni\fcrs-ity Press._ 

Shellfish Hatcheries: Pr'esent and Future - H. C. Davis. Trans. Amer. 
Fish. Society, VoL 98, No. '4, -1969. 

(c) No additional Congressional Legislation needed t6 complete Task. 

(d) This Task v;i11 have no adverse impact on the envitonment. 

(e) This Task will not contribute to the Extended Jurisdiction initiative. 
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