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ABSTRACT: To replenish the exploited native stocks of Ostrea edulis, imports from almost all Eu- 
ropean coasts have arrived in the North Sea, particularly in the Dutch Oosterschelde estuary. The 
American oyster Crassostrea virginica and the Portuguese oyster C. angulata have also been im- 
ported into the North Sea several times. However, only the introductions of various genetic strains 
of the Pacific oyster C. gigas have been of lasting success. Spat from British Columbia (Canada) 
was first imported to the Oosterschelde in 1964. First spatfalls in this area took place in the warm 
summers of 1975 and 1976. Further larval outbursts occurred in 1982 and 1989, and good settle- 
ments took place on culture plots as well as along the dikes of the Oosterschelde. Since 1977 no 
more cupped oysters have been imported from overseas. The population maintained itself and was 
able to spread in a northern direction along the Dutch North Sea coast. In Britain, hatchery-pro- 
duced C. gigas were transferred to several sites, in the 1970s including the British North Sea coast. 
Here, occurrence in the wild seems to be rather limited up to now. Into the German Wadden Sea, 
C. gigas larvae and spat from a Scottish hatchery have been introduced since 1971, as were me- 
dium-sized oysters from a variety of European sources in the 1980s. Strong spatfaHs on intertidal 
mussel beds in the northern German Wadden Sea occured in 1991 and 1994. For the introductions of 
C. gigas along the west European coasts, precautionary measures to minimize unintentional trans- 
fers of associated organisms, as recommended by the ICES Code of Practice in 1994, came too late. 

I N T R O D U C T I O N  

T h e  Pacif ic  oys te r  Crassostrea gigas ( T h u n b e r g ,  1793) is na t ive  to J a p a n .  B a s e d  on  

m o r p h o l o g i c a l  a n d  phys io log i ca l  cha rac t e r i s t i c s ,  Imai  & Saka i  (1961) i d e n t i f i e d  four  lo- 

cal  r aces  w h i c h  t h e y  ca l led  FIiroshima,  H o k k a i d o ,  K u m a m o t o  a n d  Mi y ag i  s t ra ins .  In this 

c o n t e x t  it is i m p o r t a n t  to k n o w  tha t  Imai  & Saka i  (1961) w e r e  eas i ly  a b l e  to p r o d u c e  hy-  

b r ids  of C. gigas a n d  C. angulata, t he  P o r t u g u e s e  oys t e r  ( see  a lso  M e n z e l ,  1974). Boudry  

et  al. (1998) s h o w e d  tha t  the  la t t e r  s e e m s  to o r ig ina t e  f rom T a i w an  a n d  c a n  b e  g e n e t i -  

cal ly d i s t i n g u i s h e d  f rom C. gigas. T h e  va r ious  s t ra ins ,  c ros s ings  a n d  e n v i r o n m e n t a l  dif- 

f e r e n c e s  m a k e  the  ' c u p p e d  oys te r s '  or ' c r e u s e s '  h igh ly  v a r i ab l e  in s h a p e .  M o r e  t h a n  

o n c e  in the  past ,  a t t e m p t s  h a v e  b e e n  m a d e  to rev ive  e x p l o i t e d  s tocks  of t h e  E u r o p e a n  

flat oys t e r  Ostrea edulis with  i m p o r t e d  A m e r i c a n  Crassostrea virginica a n d  P o r t u g u e s e  

C. angulata at s e v e r a l  s i tes  on  the  N o r t h  Sea  coas t s  ( N e u d e c k e r ,  1985; Eno  et  al., 1997). 

T h e s e  a t t e m p t s  l a rge ly  fai led.  Ear ly  in the  1970s, t he  D u t c h  oys te r  f a r m e r s  w e r e  g r o w -  

ing  c u p p e d  oys t e r s  of the  g e n u s  Crassostrea to a l imi ted  ex ten t .  T h e s e  m u s t  h a v e  b e e n  

of P o r t u g u e s e ,  J a p a n e s e  or m i x e d  origin.  In 1980 it w a s  r e p o r t e d  tha t  v i r tua l ly  no C. an- 

gulata oys te r s  w e r e  left in D u t c h  wa te r s .  
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Fig. 1. Position of the south-west  of The Nether lands  to the North Sea. 1 Wadden Sea; 2 0 o s t e r -  
schelde and Lake Grevel ingen;  3 Westerschelde 

Fig. 2. Natural  broodstock of Crassostrea gigas on the Yerseke bank, Oosterschelde estuary, 
9 August  1982 

At  t he  b e g i n n i n g  of th i s  c e n t u r y  t r ia l  p l a n t i n g s  of C. gigas w e r e  s t a r t e d  in  t h e  n o r t h -  

w e s t e r n  p a r t  of A m e r i c a .  H e r e ,  s p a w n i n g  p o p u l a t i o n s  h a v e  b e c o m e  e s t a b l i s h e d  in  sev -  

e ra l  a r e a s  s i n c e  t h e  1930s (Steele ,  1964). M o r e  r ecen t ly ,  o t h e r  cases  of C. gigas i n t ro -  
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ductions have  shed some light on the potential  of this oyster to become  established 

(Walne & Helm, 1979; Beattie, 1983; Grizel, 1988; Quayle,  1988; Chew, 1990; Ayres, 

1991; Dinamani,  1991). The history of oyster introductions into the Dutch coastal waters 

has not been  descr ibed before. For locations see Fig. 1. To bring this into perspective,  in- 

troductions of C. gigas to other North Sea coasts are also considered in this review. 

In the case of the Dutch C. gigas importations, it was not predic ted  that offspring 

were  to be expected.  In 1966 the oyster farmers were  informed that the introduction of 

the Pacific oyster as seed  stock was acceptab le  since these oysters could not reproduce  

at the lat i tude of the Dutch coastal waters.  However ,  in 1976 spat se t t lement  on jetties 

and rocky dike loots was obvious enough.  In an official report it was concluded that 

"Perhaps measures  are necessary to nip this spatfall in the bud!" Political pressure 

s topped the importat ion of C. gigas in the following year. At that time 20-30 million so- 

called weed  oysters was the estimate. The  hand-picking  of oysters a long the dikes was 

decontrol led to reduce the cupped  oysters. Also, in 1981 the littoral zone outside the 

culture plots was opened  up to the public fishery. However,  the thinking changed  in 

1982 with a new natural larval outburst with up to 50 cupped  oyster larvae per 100 1 

Oosterschelde  water  as against  5 0 .  edulis larvae. From that time on the new 'creuses '  

were  accepted  as be longing to the fauna of The  Nether lands  (Fig. 2) and the commer-  

cializing of the Dutch cupped  oyster stock could really start. 

THE DUTCH STRUGGLE IN PRODUCING OYSTERS 

T h e  flat  o y s t e r  Ostrea edulis 

Before the severe  winter  of 1962/1963 in the Zee land  streams (Oosterschelde estu- 

ary) usually three year classes of O. edulis part ic ipated in reproduction. The est imated 

stock size was 120 million oysters. After that winter  the number  was reduced  to 4 mil- 

lion to which soon 6 million oysters from Brittany (France) were  added.  The  market  pro- 

duction in the years before the winter  catas t rophe was about  30 million oysters per year. 

Looking around in Europe, the Norwegian  pond culture of O. edulis seed  was one of the 

possibilities to enlarge  the broodstock. More than 20 million spat and seed  oysters were  

del ivered  in 1963 and 1964. In spring 1967 some 15 million oysters were  imported from 

Brittany, some from Ireland and some from natural  beds in the Adriatic Sea. During 

1967 the cl imatological  circumstances were  favourable  for a good spatfall. It was esti- 

mated that the spat collection on 3000 m 3 mussel  shells amounted  to 50 million, the first 

good set since the disastrous winter. 

Struggl ing from year  to year, considerable  quanti t ies of flat oysters were  still be ing 

imported in the 1970s. However ,  Aber  disease among  flat oysters in Brittany, caused by 

the protozoan MarteJlia refringens, made  it necessary  to instruct the importers to limit 

their purchases  to unaffected areas with the help  of the French authorities. In 1975 only 

marke table  oysters for direct del ivery were  imported.  In 1977 the O. edulis farmers im- 

ported oysters from England,  Ireland, Italy and Greece.  Thus, near ly  all European 

strains of the flat oyster came together  in the Oosterschelde  and there was a spatfall of 

a completely  mixed broodstock. The high mortali ty dur ing the following winter  among  

these spats had to be ascribed to the low winter  hardiness as compared  with the spat of 
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the original Zeeland broodstock in the marine  Lake Greve l ingen  nearby. The inter- 
b reed ing  with Atlantic and southern strains of the flat oysters had a nega t ive  effect on 

the offspring. 
The same h a p p e n e d  with Dutch Wadden  Sea oysters, after the former Texel oyster 

fishers and merchants  imported large quanti t ies of French oysters. The O. edulis Wad- 
den  Sea strain reproduced at 15 ~ and was sufficiently winter hardy for this area.  How- 
ever, since 1962 they have completely gone. In the marine Lake Grevel ingen ,  since 
1971 a tide-free locked sea-arm, a spatfall of O. edulis was observed rather unexpect-  

edly in 1975. The numbers  of spat were high in relation to the small n u m b e r  of adult  
oysters staying behind,  thanks  probably to the absence of seawater  exchange  and lack 

of predators. The oyster stock in Lake Greve l ingen  had been  out of commercial  pro- 
duction since 1964 and  was not mixed with foreign imports. 

T h e  c u p p e d  oys te rs  Crassostrea angulata a n d  C. gigas 

In 1964 a Dutch oyster farmer imported spat of the Pacific oyster from British Co- 
lumbia. This spat was settled on empty shells and placed on trays in the water  supply 
channel  of a large lobster storage park at Yerseke (Oosterschelde estuary). In this chan- 
nel a cont inuous flow of seawater  was guaranteed.  On arrival in May the spat was 
about  1 cm in diameter. In September  the spat of the Kumamoto strain had grown to a 
length of 5 cm and the spat of the Miyagi strain up to 10 cm. After the winter  of 
1964/1965, the oysters were separated from the collector shells and  brought  to an oys- 
ter culture plot on the Yerseke Bank, be longing  to the Molluscan Shellfish Depar tment  
of the Nether lands Institute for Fishery Investigations (personal observations).  On this 
plot the growth was followed till the end of 1965, when  the oysters were raked  from the 
bottom. The growth in length of the Miyagi strain oysters had been  too fast for a mar- 
ketable shape, while the growth of the Kumamoto strain was acceptable  but could have 
been  better. In 1966 exper iments  were also carried out with the Japanese  strain of the 
Hiroshima area (Korringa, 1976), but near ly nothing is reported about  the in t roduced 
quantities.  In covert terms the incoming consignments  of Japanese  spat were  'fair' and 
showed a remarkable  growth. 

The French inves tments  in Japanese  oysters did not escape the notice of the Dutch, 
but they did not expect a spatfall in their own waters. However, in 1975 this h a p p e n e d  
dur ing a very warm summer  when  10 000 m 3 mussel  shells as collectors for O. edulis 
spat were laid on about  500 ha of the Oosterschelde bottom. The spat also sett led onto 
some shallow intert idal  mussel  plots. The real breakthrough came with the spawning  
again in ! 976. The cause of this new situation was the fact that the tempera ture  of the 
seawater  in the Oosterschelde rose above 20 ~ on 25 June  and  remained  above that 
level till the end of July. Also, during the second half of August  the tempera ture  was 
again above 20 ~ That  mean t  50 days in total. After arrival of the already ordered spat 
from Japan  and the United States., these importations came to an end in 1977. For 1979 
it is reported that marke tab le  C. gigas oysters were imported ' largely'  from France and  
Belgium. In Belgium, depot basins were establ ished at Ostend; nearby  a pilot-scale in- 

stallation for nursery  cul turing of bivalve molluscs, e .g .C,  gigas, was in operat ion dur- 
ing 1979-1982. In 1981 all importations from France to The Nether lands  were s topped 
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Fig. 3. Harvest of Crassostrea gigas in the Netherlands in tons per year. One ton corresponds 
roughly to 9000 oysters 

and all p lant ing of such oysters in the Oosterschelde  was prohibited, because  a new dis- 

ease, caused by the protozoan Bonamia ostreae, had been  introduced. The  policy of 

checking and grant ing the importations from abroad had failed. The defini t ive intro- 

duction of the cupped  oysters became a mat ter  of fact by a new natural larval outburst 

in July 1982. With l imecoated plates the broad outl ines of the spat se t t lement  of this 

progressive and dynamic population could be followed. Also, the fair footing of the 

1-year-old spat along the dikes of the western part of the Oosterschelde became a normal 

sight. As had been  done 25 years ago for the flat oysters, the larvae of the cupped  oys- 

ters were monitored, ranging from 5 to 15 larvae per 100 1 in 1984 to 75 larvae per 100 1 

in 1989, with an abundant  spatfall afterwards. An increase by a few degrees  above the 

'normal '  s eawa te r  tempera ture  in summer  leads to new recrui tment  to the wild and cul- 

t ivated populations,  as in 1986. Also, the duration of the reproduct ive season is impor- 

tant. During the 1990s the harvest  per season, including the wild fishery, may surpass 

2000 tons (Fig. 3). About 20 growers, more or less in the margin of other  activities, are 

occupied with this fairly new farming operation. 

The marine Lake Greve l ingen  could not be kept  free from the new cupped  oysters. 

A spatfall m 1987 had to be accepted.  In the Dutch Wadden  sea, only medium-s ized  and 

somewhat  larger  cupped  oysters were  reported by Dutch mussel  farmers who were  re- 

laying imported mussels  from the Danish and northern German  Wadden  Sea. Transport 

of mussels from the Oosterschelde estuary to the Dutch Wadden Sea occurred during a 

short period too. Otherwise,  larvae may escape via the Oosterschelde  s torm-surge bar- 

her  and drift in mostly a northern direction with the residual current at a speed  of 8-10 

km day  -1 (0.1 m s-~). The  distance to the entrances  of the Dutch Wadden  Sea is not more 

than 200 km. 

Se t t lement  of C. gigas in littoral locations of the Westerschelde (sporadic during the 

1980s, but increas ing during the beg inn ing  of the 1990s) may ei ther be due to spread- 

ing from the Oosterschetde,  or to the exper imenta l  nursery rearing along the Sluice 

Dock of Ostend.  The  distance from Ostend to the mouth of the Westerschelde  is only 

40 km. 
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CUPPED OYSTERS IN GREAT BRITAIN 

After a Portuguese oyster trade of 10-20 million oysters a year during the 1950s and 
early 1960s, a new start was made with the Japanese  oyster C. gigas. In 1965 the MAFF 
Shellfish Culture Unit at Conway (Wales) received a small cons ignment  of C. gigas oys- 

ters from British Columbia (Canada). In a controlled breeding programme the oysters 
were successfully induced  to spawn in 1965 and 1966 (Walne & Spencer, 1971). At the 
beg inn ing  of the 1970s batches of hatchery-produced Japanese  oyster seed were  grown 
in stacks of trays, held on rafts, at five different sites: Menai  Strait (Wales), Helford 
(Cornwall), Poole Harbour  (south coast of England),  Paglesham and Walton (North Sea 
coast). 

Since the end of the 1970s the annua l  production of C. gigas seed by the operat ing 
hatcheries and nurseries in Great Britain has increased continuously. In 1997 the annua l  
production was in the range of 200 million spat oysters per year (J. C. Bayes, personal 

communication).  In 1979 the MAFF Conway hatchery imported small numbe r s  of C. gi- 
gas from Oregon (USA) to improve the viability of the broodstock (Utting & Spencer, 

1992)�9 This became 'common sense '  for the other hatcheries too. To main ta in  viable 
hatchery broodstocks, different strains of the Pacific oyster have been  used from various 
locations. In 1977 the UK already had a marketable  C. gigas stock of 100 tons. In 1983 
there were 175 tons of marketable  oysters available, while the Shellfish Association of 
Great  Britain est imated a 1997 harvest of 1000 tons from more than 1000 sites used for 
production. 

The effect of the UK Wildlife and Countryside Act of 1981 on the Pacific oyster in- 
dustry is not clear. The Nature Conservancy Council  must be consulted before licences 
are granted for re leasing animals of a species that is not ordinarily resident  in the wild 
state or not a regular  visitor. It has been  stated that the British climate is unsu i tab le  to 
the natural  reproduction of C. gigas, but during recent  years some sporadic spatfalls in 
the wild have been  observed at some places along the British coast, e.g. Emsworth Har- 
bour. However, till now the production is in no way sustained by natural  populat ions as 
it is in France and The Netherlands (E. Edwards, personal  communication).  

CUPPED OYSTERS IN GERMANY 

Several at tempts to revive the former O. edulis stock in the German  Wadden  Sea 
have failed. Besides O. edulis, also C. virginica and C. angulata have been  imported. 
Early attempts before the war with flat and cupped  oysters of Dutch and French origin 
showed good stock growth, but  they did not resist the hard winter  conditions. In June  
1961 25 metric tons of C. angulata were relaid near  the Isle of F6hr, of which only 10% 
survived. In 1971 C. gigas was introduced into the German  waters for the first time. 
These 0-group oysters were imported from a Scottish hatchery for a raft culture experi- 
men t  in the Wadden  Sea off the island of Sylt. In 1972, again  spat of the same origin was 

imported. Growth was successful in this North Sea area. At the end  of the 1970s both 
outdoor experiments  on the growth and  fat tening to marke tab le  oysters and  indoor ex- 
per iments  devoted to the rearing of spat from larvae were continued.  

In 1985 private commercial  enterprises started up with production on the basis of 
the acquired knowledge.  In 1987 farming activities were in operation nea r  the islands 
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of Norderney and Sylt. The overall  commercia l  production of Pacific oysters was then at 

the level of about  25 tons a year. In 1988 the total German  harvestable  production dou- 

bled to 55 tons, about  600 000 oysters a year. However ,  the doubling of the sales was 

based especial ly on imported medium-s ize  oysters. Their  origin was quite  diverse, from 

England,  Scotland, Wales and Ireland. The sale expectat ions for the season 1989-1990 

were  1 million oysters (Dittmeyer, 1989). 

The Sylt company was looking for Pacific oyster strains with a compact  shape. They 

did not want  the long 'bananas '  of French origin. The  supplies from the Dutch Zee land  

area, England and Ireland were  good for the market.  The method of culturing these 

oysters in mesh bags on trestles in an intertidal off-bottom position may well increase 

the possibility of spawning and releasing of the gametes .  Not only does this make  the 

oysters more saleable,  but also recrui tment  by settling of larvae in the wild can be ex- 

pected. Spatfall near  the island of Sylt was observed  at the beginning  of the 1990s 

(Reise, 1998). The present  natural  intertidal mussel  beds formed a good substrate for the 

strong spatfalls in 1991 and 1994. It was es t imated that the wild Pacific oyster popula- 

tion be tween  the islands of Sylt and Romo was in the region of 1 million oysters in 1995, 

with a survival in 1996 of 60-70% after a severe  winter. The consequences  of this pop- 

ulation whose  progeny crossed the Danish border  are not yet surveyable.  

PROPOSITIONS 

For ecological  and maricultural  unders tanding  of the patterns and processes that 

lead to successful or unsuccessful  introduction of non- indigenous  organisms we need  

more than our present -day knowledge .  For the introduction of C. gigas along the west  

European coasts the framed decis ion-models  came too late to be of use. Several  ques-  

tions have now been  formulated in the ICES 1994 Code of Practice on the Introductions 

and Transfers of Marine Organisms.  In practice, r e commended  procedures  prior to 

reaching a decision regarding introductions are not applied to introductions or transfers 

which are part of current commercia l  aquacul ture  activities. It can be expec ted  that by 

the yearly importat ion of Pacific oysters from different sites and origins, the Sylt farm- 

ing location may have  a function in the deve lopmen t  of the gene  pool of the nearby nat- 

ural populations.  It is not possible to say in which direction this inf luence will go - a re- 

duction in the genet ic  diversity or an increase in the viability? The genet ic  variabili ty in 

the introduced stocks and their offspring may be high. These  genetic  aspects need  fur- 

ther  study. 
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