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ABSTRACT 

Importation and transplantation of exotic oysters has 

probably resulted in introduction of more marine inverte-

brate species than any other of man's activities. Unintentional 

introductions have resulted from careless movements of oysters 

without planning or consideration of consequences. Diseases 

and parasites are often unknown and oysters cannot be 

adequately diagnosed or inspected for problems by biologists. 
Aft.vr ~tw?JI pl?.nti'~qs t-n 1%0) 
The vigorous Pacific oyster Crassostrea gigas has invaded 

A 

the Atlantic Coast of Western Europe in the past decade with 

serious consequences for native oyster industries. It is 

_now proposed· to introduce it to the Atlantic Coast of North 

America, primarily for culture in New England. Diseases and 

parasites may be excluded by breeding selected brood oysters 

in hatcheries under quarantine conditions. The progeny may 

then be tested in controlled natural environments for growth 

and reaction to native diseases and parasites. Selection of 

races, strains and hybrids may be pursued in hatcheries to 

fit exotic oysters to new environments. Introduction of an 

exotic species is a serious irreversible event that merits 

careful consideration of the reasons for culture of a new 
of 

shellfish and the consequences to native biota and coastal 
"" 

environments . 
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INTRODUCTION 

Since World War II, human population growth with its 

numerous effects on environments, and the consequences of 

rapidly accelerating technology have placed fisheries for 

marine molluscs in jeopardy around the earth. Over-

fishing with increasingly larger fleets and more efficient 

gear,(has depleted shellfish in many areas or forced drastic 

changes in harvesting and cultural patterns to maintain sea-

food supplies. The surf clam fishery off the Atlantic 

'jt,,/£(', {,-~!';'{ Coast of North America is an example of an industry that has 
';\,}! f 111-Z~t{ ~ ~ r-r,,l'J.rr5 ~ .s(,T(!Wf depleted one area after· another by pulse fishing Inshore, 

e-t'~"' ;,I f11 
w,:rr-.;1,d rt oyster fisheries along the Middle Atlantic Coast declined 

severely after 1958 as the result of a disease (Delaware 

Bay Disease) the origin of which is unknown (Andrews, 1979). 

New pesticides and chemicals released from factories or 

washed from land surfaces have further complicated shellfish 

culture and marketing (e.g. Kepone in Virgini~ Schimmel & Wilson, 1977). 

Among the cures that have been attempted for shellfish 

problems are introduction of exotic species and use of 

hatcheries for rearing seed oysters. Extensive transplantation 

of endemic stocks along continental coasts has long been 

utilized to sustain fisheries, and numerous non-endemic bi-

valve species have been imported for trial as replacements 

for depleted stocks (ICES Report, 1972). Hatcheries 

facilitate this cosmopolitan distribution of bivalves around 

the earth by providing tiny spat of many species that may 







When crowding of oysters encompasses most growing areas 

of a region,~ as occurs in Seaside Virginia, South 

Carolina and Georgia coasts, and many Gulf of Mexico estuaries, 

harvesting may require steaming and shaking out meats for 

canned products. These canned oysters involve much waste 

of small oysters and they bring the lowest price of all 

shellfish preparations (Lunz, 1954). Overcrowding has occurred 

in Southern France with C. gigas, a condition for which there 

is no easy remedy. 

The effect of excessive populations of oysters on other 
fl 

species in an ecosystem can only be surmized. Predators, 

diseases, parasites and fouling organisms are likely to 

increase when excessive abundance of an irreversible intro-

duction occurs. The full consequences can only become 

apparent with time. The most desirable introduction would 

be one where reproduction is limited by temperatures or 

isolated to a few favorable seed areas, much as now occurs 

in Delaware Bay and Chesapeake Bay with the native oyster 

C. virginica. An example of a successful introduction with 

·limited reproduction areas is C. gigas on the West Coast of 

North America: 

One might have expected reproductive success on the 

western North American coast to be similar to that on the 

western European coast, but in the latter area the geography 

and the climate are different from the former with wider 

drainage areas and greater runoff into numerous river estuaries. 

These estuarine areas provide temperatures and salinities 

favorable for oyster reproduction. 
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3. Attitudes and Rationales for New Introductions 

Present attitudes and current activities in North 

America can only lead to accidental introductions of exotic 

oysters on the western Atlantic Coast without awareness or 

~nowledge of the consequences. This will follow in the 

tradition of first importations of C. angulata to France in 

1868 (Marteil, 1970) and of C. gigas to the Pacific Coast of 

North America about 1905 (Hopkins, 1946). Because the consequences 

are similar, I consider small, unplanned, unsupervised importa-

tions as equivalent to accidental ones. 

The times and quantities of recent French importations 

are not readily .available in the literature despite the 

volume of papers on new diseases. No description of C. gigas 

importations are given in a comprehensive review of French 

shellfish culture (Marteil, 1976). An uninformed reader 

would not realize that the Pacific oyster was an exotic 

species in France from this extensive review of oyster culture • 

. Perhaps Ranson's (1967) studies, showing that the prodisso-

conchs or larval shells of C. gigas and C. angulata are 

indistinguishable, are accepted as proof of identity of the 

species, and therefore, the Pacific oyster is not considered 

to be an exotic species by the French (Marteil, 1976). British 

importations of C. gigas began in 1964, but were restricted to small 

numbers of oysters for breeding in hatcheries. Hatchery-

reared progeny were planted in open waters with reliance on 

f, 

f 
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cold waters to prevent natural reproduction. A small 

importation of C. gigas seed from Japan was laid in open 

waters in the Netherlands in 1963 (ICES Report, 1972). 

Unplanned introductions on the Atlantic Coast of 

North America that fall in the category of accidental are 

numerous. The potential consequences of importations were 

not fully realized even by prominent biologists in earlier 

eras. It is not surprising, therefore, that many small 

importations were made by laymen with no history of the results 

and consequences. 

It is no longer tolerable to permit the whims of 

individual citizens and scientists to determine the distri- 1 . 

(c 1\Wt1rA..st:>c'M-~ t.{-'f>i 
but ion of exotic species in an increasingly cosmopolitan~)'"" t... ;el"\~ fr'...a.1 

. l l ttNCT .f-.Mt( , · 
manner. Courtenay and Robins (1973) describe the minimal b ,-/( J.,'t,.f,·'/11\ ~; 

I research and public review activities that should precede 

intentional introductions even for the best of rationales 

such as biological control of established pests. It should 

not be necessary to prohibit each species individually by 
' 

specific laws. However, rai;i-ty and uRiqueness are the rne4n 

attributes of aa-i.mals sought ey maa ia pet ancl zeo importa-

tions~ All marine importations for purposes of introductions 

should be made under Federal licenses after public review 

and with clear obligations of control of organisms and 

responsibility for consequences. In the case of commercial 

species such as oysters, exportations should be subject to 

the same controls as importations. They should not remain 

private decisions of individuals or agencies whose motives 

may be profit or ego satisfaction. 
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It is assumed in this context that future importations 

of shellfish species will be made under quarantine conditions 
pfo9en'1 -f..,.u ... o-,. s 

using hatcheries to produce diseasesand parasite-free ,. " 
progeny- for testing and eventual release in open waters. This 

technique has proven to be feasible with oysters and it over-

comes some of the most serious problems of introductions in 

the past. 

The rationale orll:!asons for introducing a new oyster 

species must offer more advantages than just bringing a new 
. JAffJr-Cft,,;;,,g 

competing species to a coastline. -f't~may benefit one sector 

of the coast and endanger a conunercial industry in another 

sector. Ic is important to deter~ine how widely the new 

species will &pread naturally or with man's support. 

Ostrea edulis is already grown in Maine by hatchery reproduction 

from a small adapted wild population in the Gulf of Maine. 

0. edulis is a temperature sensitive species that did not 

surv·Lve well in Chesapeake Bay waters. It does not pose a 
Wt.: tehf/ 

threat to the oyster industry of the southern North Atlantic 
I\ 

Coast in terms of growth and competition with the native 

oyster. However, if European shell disease (Alderman, 1971) 

were to be imported, it could have disastrous effects on 

nat~ve oysters ii:i warm waters. 

4. The Importance of Races 

There are many races of C. virginica along the Atlantic 

and Gulf of Mexico Coasts of North American(Anderson, pers. 
other -Y.ace.s rrF d,lfer?ttf spee1e.1 occ"':,.. ala"Vl.J 

comm., 1976). ~...:..s-trYe of Asian and European coasts too. 

One could argue at length with advocates of exotic introductions 

I 
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about the necessity for adaptive races for local climates 

and hydrographic conditions, but they are interested mainly in 

current economics and how well imported species survive and 

grow in rather casual trials. Planned introductions of Ostrea 

edulis from Conway, Wales in 1957-59 did not survive the cold 

winters in Eastern Canada. A stock from Holland that survived 

in the Gulf of Maine (Loosanoff, 1955), was found to be winter 

hardy at Prince Edward Island, Canada (Medco£, 1961). Since the 
.,(y3 

severe winter kill of 1962, Holland is dependent on seed oysters 
n 

from Brittany. The French race is less hardy than natives 

(Korringa, 1976) and is obtained from areas where threatening 

diseases (Gili and Aber diseases) occur. Lacking seed oysters, 

Holland chose to risk importations of seed from France. Probably . 
most of the risk had·been incurred through shipments of seed 

oysters before the new diseases were generally recognized. Gill 

disease spread rapidly and widely in western Europe in the late 1960's. 

Along the western Atlantic Coast, oysters from Chesapeake 

Bay are winter hardy and grow well in New England but do not re-

produce us:_:ally. Yet experience has taught oystermen to use local 

seed oysters if available. Some disastrous losses occurred in 

transplants from other regions. Thin-shelled Seaside oysters 

from Virginia suffered severe drill predation when introduced to 

Delaware Bay. South Carolina oysters showed severe winter kills 

and remained poor when transplanted to Seaside of Virginia. The 

Malpeque Bay disasterin Canada followed transplantation of New 

England oysters. It is the classical example of the consequences 

of mixing oyster races. 

In Virginia, at least three races of oysters are known 

by growth habits and susceptibility to diseases and predators. 
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Most distinctive are fast-growing, thin-shelled Seaside 

oysters. Spatfall is usually excessive and predation inten-

sive. Therefore, rapid growth and early harvesting are 

necessary. One might attribute all these traits to the environ-

ment, but the oysters fail to survive well within Chesapeake 

Bay for unknownreasQUS. Potomac River oysters, acclimated to 

low salinities, are noted for their susceptibility to diseases, 

particularly Minchinia nelsoni, and for their vigorous growth 

and large size. The typical oyster of Chesapeake Bay is 

represented by James River seed oysters which Nelson (pers. 

comm.) believed were selected for slow growth by one hundred 

years of tonging the largest ones. Perhaps their small 

final size ~s a consequence of early stunting in the un-

favorable growing conditions of James River. These three 

races, whether genetic or environmental in origin, illustrate 

the adaptations that are necessary to grow oysters in only 

one region of the Atlantic Coast. 

Even the vigorous C. gigas may encounter adaptive 

difficulties along the Atlantic Coast, and like C. virginica, 

races could be limited to· certain areas and hydrographic 1 P,-.e f e~ r:-td-e.. 
regimes. It seems absurd to expect one race (Miyagi) of . fl 

C. gigas to fill all these varied niches without multiple 

problems. How much better it would be to utilize the 

n1J.n1er.ous races that must exist along the Pacific Coast of Asia 

bv fiLting them to particular environments. Much needs to 

be learned before this can be done. To learn by trial and 

error from hasty imports, as past experiences exemplify in 

Europe, western North America and Australia, has 
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unacceptable risks for the industry and for the stability 

of present ecosyste~s. 

5. Pre-importation Studies Needed and Controls Required 

The rationale for introduction of C. gigas is based on its 

vigor and fast growth. It appears to grow faster and 
/cMJ(Je r; ) 

during the cold season than native C. virginica. This applies 
II - -

only to the Miyagi race which is the only one tested in most new 

areas. C. gigas presents the potential difficulties of 1) 

competition and hybridization with C. virginica, 2) probable 

susceptibility.to some native diseases, and 3) some question 

as to its marketability in competition with the native oyster. 

It also may be expected to spread all along the North Atlantic 

coast and compete directly with native C. virginica for food and 

space in nearly all salinity regimes and environments. One must 

be prepared for replacement of the native oyster. 

In the opinion of the author, C. gigas could be a useful 

species in New England where artificial reproduction in hatcheries 

can compensate for failure of natural spawning. However, 0. edulis 

and selected strains of C. virginica, based on hatchery seed, 

offer equal or better opportunities for culture of rawbar oysters. 

C. _gi_gas presents high risks in southern waters where it may be 

expected to reproduce naturally and to compete and interbreed 

with native oysters. These advantages and disadvantages of 

C. ~igas will be discussed and contrasted for two large sectors 

of the coast south and north of Long Island, New York. 

The states south of Long Island generally have adequate 

spatfalls of C. virginica rather regularly, or they have the 

f I 
I 
I . r r, , 
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potential to yield large seed oyster crops if properly 

managed. The resurgence of Delaware Bay seed beds in the 

1970s after severe losses to Minchinia nelsoni in the 1960s 

i.s evidence of this capacity. Moreover, the oyster industries 

in the south are much more productive than those in the 

north despite much lower market prices, and greater problems 

of diseases and predators. North of Long Island, the 

major oyster crop is raw bar oysters which sell for high 

prices thus compensating for relatively low production. 

Supply of seed oysters is a constant problem in the north 

except in occasional years of intensive sets. Furthermore, 

slow growth in cold waters prolongs the cycle of marketable 

crops. 

These factors provide a division of interests in use of 

exotic oysters and production of seed oysters in hatcheries. 

In the North, the cost of hatchery seed is not prohibitive, 

if nacural spatfalls do not occur, and the fast-growing C. 

gigas has an added appeal. Drinnan (pers. comm. 1973) re-

po~ted that C. gigas outgrew C. virginica at Ellerslie, Prince 

Edward Island, Canada 4 to 1 by dry meat weight over 12 

months in open waters. A recent report of tray-grown spat 

of the two species in a Massachusetts cove closed to a pond 

in the warm season, also found faster growth in C. gigas 

(Hickey, Woods Hole, Massachusetts Symposium 1978). Another 

commer~ial operation using C. virginica hatchery spat in 

trays is being conducted by Cotuit Oyster Co. because of 

scar~ity of natural seed in Massachusetts (Matthiessen, ibid. 

I 
' 
i 

' f: 
1· 
I 
I 
[ 
1 



:. 37 -

Symposium, 1978). Biologists in Maine would like to replace 

native C. virginica with hatchery-grown C. gigas, along with 

0. edulis already being grown in floats using hatchery seed. 

(Dean, ibid. Symposium, 1978). The failure of C. gigas to 

reproduce in Massachusetts and Maine waters is a strong 

argument for use of hatchery seed in these northern waters. 

The risk of the exotic species-spreading is thereby minimized. 

In the southe~n sector of the North Atlantic coast, 

faster growth of C. gigas may be completely nullified by 

losses resulting from native disea~es, and~;lower growth 
/YI 

in warm summer temperatures and due te low salinities.:i:a seed-

.e-r~as. Hatchery production of seed in the south is not 

economically feasible yet. Unless C. virginica is replaced 

by C. gigas, the problem of separation for marketing of 

two easily distinguished species growing side by side may 

ccc~r. Both quality of meats (fatness and taste) and 

appearance of meats and shells will probably differ noticeably 

to consumers. The proximity of C. gigas in New England 

would_ enhance the chances of accidental introduction in the 

south. Self-appointed "experimenters" could easily buy 

shell stock in Maine and transport it to Chesapeake Bay 

for later "eating". Enactment and enforcement of laws to 

protect against this type of transplanting are not feasible. 

Canadian importations of both C. gigas and 0. edulis are 

not discussed further since additional barriers of distance, 

coid waters, and a national boundary provide added protection. 

Introduction of C. gigas cannot strictly be said to have 

occurred in New England until natural wild populations occur, 

although some are being held in Maine and Massachusetts. 
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• 
f.~s 

In the south, where~~ is not needed, much additional informa-
" tion should be collected before releasing this species in 

open waters. The necessary tests are going to be difficult to 

conduct, control and interpret within closed systems. Needed 

topics of study include: 

1) Characterization of major native seed-source popula-

tions in eastern Asia and along the North American 

Atlantic Coast before mixing and hybridization occur. 

This involves isozyme tests of large wild popu-

lations in genetic equilibrium (Hardy-Weinburg law). 
Th is ph:,c~tl.are,, 
~ is costly and tedious, and depends upon how many 

/I 
enzyme systems need to be tested and the number of 

oysters required to document races. 

2) Testing of races of seed oysters for critical 

temperatures and salinities that induce gonad matura-

tion, spawning, and favorable growth of larvae. 

Tolerances to salinity regimes, and reactions to 

temperature and salinity parameters in terms of 

survival and growth are needed for each species and 

its major races. 

3) Long-term monitoring of oyster diseases and parasites 

for prevalence and effects in native habitats of 

exotic species; and testing of exotic oysters for 

susceptibility to diseases native to proposed sites 

of importation. 

This involves coordination of research efforts 

in two widely separated regions or countries. Testing 

exotic species against native pests may prove diffi-
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cult without exposure in open waters. Diseases 

may be unknown for certain regions and infection 

techniques have not been developed for other patho-

gens and parasites. 

4) Evaluation of comparative growth rates under various 

conditiors of bottom types, intertidal exposure, 

depths, and phytoplankton regimes. 

5) 

The method of culture strongly influences growth 

rates. Oysters grow faster when suspended in the 

water, but currents, seasonal temperature regimes, 

duration of spawning season, and substrate type 

greatly influence growth. 

Exploration of hybrids and selected strains for 

particular uses and localities. 

The availability of hatcheries provides great 

opportunities for hybridizing species and races and 

selection of superior strains to meet special 

conditions. Oysters resistant to sporozoan diseases 

have already been selected. 
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