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ABSTRACT: T he  pro tozoan  parasi te  Bonam ia ostreae  (Pichot et al., 1980) is a serious p a th o g e n  of the 
native E u ro p ea n  flat oyster O strea edulis. Field and laboratory  b a se d  exper im en ts  w e re  carr ied  out in 
I reland an d  Spain  to investigate  the susceptibility to this p ro tozoan  of the Pacific oyster  Crassostrea  
gigas, the m ussels M ytilu s edu lis  a n d  M ytilu s galloprovincialis, the  E u ro p ean  na tive  clam R u d ita p es  
decu ssa tu s  an d  the  M anila  c lam R u d ita p es ph ilipp inarum . Their  ability to act  as vectors or in te rm ed i 
a te  hosts was also investigated. T he  s tudy corrobora ted  previous f indings that  d em o n s tra ted  tha t  flat 
oysters  can  be successfully infected both naturally  in the field a n d  experim ental ly  in the  laboratory, and  
the p a th o g e n  can  be  transm it ted  directly b e tw ee n  flat oysters in the laboratory. However,  the other 
bivalves tes ted  could not be  infected with the parasite  e ithe r  naturally  or experimental ly ,  a n d  these  
bivalves did not a p p e a r  to act  as vectors or in te rm ed ia te  hosts for the parasite.  T h ese  results  have  impli
cations for m ovem en ts  of bivalves b e tw een  a rea s  within the E u ro p ea n  Union.
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INTRODUCTION

The flat oyster O strea edulis  L. is a valuab le  bivalve 
mollusc species tha t is harves ted  in all major oyster 
g row ing  areas  th roughou t Europe. A drop in p ro d u c 
tion in Europe since the  1960s has  b een  mainly a t tr ib 
u ted  to 2 parasites that h av e  affected this species with 
devasta t ing  results,  nam ely  M arteilia re fringens  
(Grizel et al. 1974) and  Bonam ia ostreae  (Pichot et al., 
1980). T hese  protozoans have  b ee n  responsible  for sig
nificant mortalities of up  to 90%  in some areas, and  for 
a gene ra l  drop in production, tha t  has caused  some 
oyster farmers to turn to a l ternative  species to offset 
their losses.

In Europe, Bonam ia ostreae  w as first de tec ted  in 
France in the late 1970s (Pichot et  al. 1980). The com-
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plete life cycle of this p aras i te  rem ains  uncerta in .  H o w 
ever, it appears  tha t transm ission can occur directly 
from oyster to oyster and  tha t even  w h en  an  a rea  has 
b ee n  left fallow for a n u m b e r  of years  the  parasi te  p e r 
sists, infecting flat oysters after they are  re in t roduced  
to the a re a  (van B anning  1985, 1987). T h ree  species of 
flat oyster, O strea edulis, Tiostrea ch ilensis  (Hutton), 
and  Ostrea puelchana , h ave  b ee n  te s ted  and  have 
b e e n  found to be  susceptib le  to this d isease  (Grizel et 
al. 1983, Bucke et al. 1984, Bougrier et  al. 1986).

As d irect transm ission of this parasi te  occurs and 
uncer ta in t ies  exist re la ted  to its life cycle, legislation 
has  b e e n  im p lem en ted  to restrict the  m o vem en t  of oys
ters within the  E uropean  Union particularly  from areas  
know n  to contain  the d isease  (EU Directive 91/67). The 
susceptibility of o the r  bivalves to this paras i te  has  also 
b ee n  questioned: particularly  those b ivalves found 
within the  sam e growing  a reas  w h e re  oyster losses due
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to B onam ia ostreae  h ave  been  recorded .  Furtherm ore, 
the  possibility tha t bivalves o ther  than  oysters could 
act as vectors or in te rm ed ia te  hosts of B. ostreae  n eeds  
to be investigated ,  to ensu re  tha t  this paras i te  is not 
transfe rred  from one country to an o th e r  within the 
E u ro p e an  Union.

This study h ad  2 m ain  objectives. Firstly, to d e te r 
m ine  w h e th e r  a n u m b e r  of bivalve species such as the 
Pacific oyster Crassosstrea g igas  (Thunberg), the E u ro 
p e a n  native clam R ud itapes decussa tu s  (L.), the  M anila  
clam R. p h ilip p in a ru m  (Adams an d  Reeve), and  the 
m ussels  M ytilu s  edu lis  (L.) an d  M. galloprovincialis  
(Lmk.) a re  susceptib le  to B onam ia ostreae  following 
e i ther  na tu ra l  or exper im en ta l  exposure; and  secondly 
to de te rm ine  w h e th e r  these  bivalve species, after 
exposure  to B. ostreae, could act as vectors or in te rm e
d ia te  hosts for B. ostreae  and  thus infect co-habiting  
un in fec ted  flat oysters.

MATERIALS AND METHODS

Sites. Bivalve molluscs for the  trials w ere  obta ined  
from a n u m b e r  of sites in Ire land inc luding Cork H a r 
bour  (B onam ia ostreae  p re se n t  for over 10 yr), Tralee, 
Bantry Bay, F ountains tow n an d  Sligo Bay (B. ostreae  
n ev e r  d e tec ted  in these  areas), as well as Norfolk, E n g 
land  (B. ostreae  n ev e r  detec ted)  and  Villagarcia, Gali
cia, Spain (B. ostreae  p re se n t  for over 14 yr) (Fig. 1). 
E xperim ents  w ere  carried  out in Cork (Ireland) and  
Vigo (Spain).

D iagnosis of Bonam ia ostreae. Diagnosis of B. ostreae 
w as  carried  out using heart,  gili or hem olym ph  sm ears 
or exam ination  of histological sections (Bachère et al. 
1982, Bucke & Feist 1985). Ventricular h ea r t  tissues or 
p ieces  of gili tissue w ere  excised, p laced  onto tissue 
p a p e r  and  then  d a b b e d  onto a c lean  dry  slide. Slides 
w e re  al lowed to air dry  and  w ere  th e n  fixed in 
m ethano l an d  s ta ined  using H em aco lo r  2 and  3 
(Merck). For histological exam ination, tissues w ere  
fixed in Davidson 's solution, p rocessed  using  s tandard  
techn iques  and  5 pm  sections w ere  s ta ined  using 
haem atoxylin  and  eosin. For exam ina tion  of h e m o 
lym ph smears, a drop  of hem olym ph  w as rem oved  
from the adduc to r  m uscle sinus, p laced  on a slide and  
the  blood cells al low ed to settle. Sm ears  w ere  fixed in 
m ethanol an d  s ta ined  with H em acolor  2 an d  3.

A sub-sam ple  of 30 oysters w as ta k en  from each  p o p 
ulation before the  trials b e g a n  to de te rm ine  initial 
p reva lence  of infection.

H olding conditions. Field: In Cork H arbour  bivalves 
w ere  p laced in oyster bags  (1 x 0.5 m) on trestles in an 
a re a  that is exposed  at low spring tide only. The t re s 
tles held  the bags  approx im ate ly  40 cm off the bed. 
Larger  m esh  size bags  w ere  used  as the shellfish grew.

Fig. 1. Areas w h e re  trials took p lace  a n d  oysters w ere  
obtained. 1: Cork Harbour; 2: Fountains town, 3: Bantry Bay; 

4: Tralee; 5: Sligo Bay; 6: Norfolk; 7: Vigo

Laboratory: In Cork, bivalves w ere  held  in the labo 
ratory in 500 1 static tanks that w ere  continuously a e r 
ated. S eaw a te r  was changed  completely 3 times per  
week. The w ate r  w as at am bien t te m pera tu re  and  v a r 
ied over the  trials from 8 to 15°C. Bivalves w ere  fed on 
Tetraselm is  daily. T hey  w ere  m onitored  twice daily 
and  any  m oribund  individuals rem oved. In Vigo oys
ters w ere  held  in the laboratory in 75 1 tanks and  fed 
daily with Tetraselm is. S eaw a te r  w as filtered and  
passed  th rough  a UV system before  going into the 
tanks. Tanks w ere  monitored  twice a day  and  m ori
bu n d  individuals removed.

Infection of b ivalves. L abora tory  ba sed  ex p erim en 
tal in fections: To obtain high num bers  of parasites for 
experim ental infections oysters w ere  ob ta ined  from 
areas  w here  the p a th o g en  had  b ee n  p resen t  for a n u m 
ber  of years. P revalence and  intensity  of infection in 
the oysters was d iagnosed  using h ea r t  smears. Heavily 
infected  oysters w ere  re ta ined  and  tissues hom o
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Table  1. Expts 1, 2.1-2.2, 3 .1-3 .2  and 4 sum m aris ing  trials involving na tu ra l  and  exper im en ta l  exposure  of bivalve molluscs to
the parasi te  Bonam ia ostreae  a n d  their  objectives

Expt Location Laboratory/ 
field based

Objective

1 Cork Field Determ ine  if a n u m b er  of bivalve mollusc species  could be infected 
with B. os treae  following t ransfer  to an  oyster  g row ing  a rea  w h e re  the 
p a th o g en  has been  p re sen t  for a n u m b er  of years

2.1-2.2 Cork/Vigo Laboratory D eterm ine  if a n u m b er  of bivalve molluscs could  be  infected  with B. 
os treae  by exper im en ta l  injection of a k n o w n  n u m b e r  of v iable 
parasi tes  in the  laboratory

3.1-3 .2 Cork/Vigo Laboratory D eterm ine  if bivalves naturally  exp o sed  to B. o s t reae  in the field could 
act  as vectors or in te rm ed ia te  hosts for this p a th o g e n  w h e n  held in the 
laboratory  with  Ostrea  edu lis  from an  oyster g ro w in g  a rea  w h e re  B. 
ostreae  has never  b e en  de tec ted

4 Cork Laboratory D eterm ine  if bivalves which  h ave  b e e n  in jec ted  with B. ostreae  can 
act as vectors or in te rm ed ia te  hosts for the p a th o g e n  w h e n  he ld  in the 
laboratory with O. ed u lis  from an  oyster g ro w in g  a rea  w h e re  the 
pa th o g en  has  nev er  b e en  de tec ted

genised  and  parasites  isolated according to the m ethod  
of M ialhe et al. (1988). Parasite cell viability was 
assessed  using T rypan blue exclusion. Cells that 
exc luded  the dye w ere  r eg a rd e d  as viable and  were  
counted  using a N eu b a u e r  counting ch am ber  Using 
this m ethod  for determ in ing  viability, cell concen tra
tion of viable parasites was ad justed  using filtered s e a 
w ate r  (0.45 pm).

In Cork, the nu m b e r  of viable parasites injected  into 
each  oyster was ad justed  to 5 x IO6 Bonam ia ostreae  in 
500 pi filtered seaw ate r  (FSW). In Vigo the n u m b e r  of 
injected parasites was 4.15 x IO6 B. ostreae  cells in 
500 pi FSW.

For injection of the parasites  the bivalves w ere  first 
anaes the tised  using 3.5% M gC l2-6H 20 .  The time 
requ ired  for anaes thes ia  varied from 1 to 3 h d e p e n d 
ing on the bivalve species. W hen the  bivalve was 
anaes the tised  and  the  shell was gap ing  the  inoculum 
w as injected  into the  m an tle  cavity. Animals w ere  kep t 
out of the w ater  for approxim ate ly  1 h following in jec
tion and  w ere  then  re tu rn ed  to ae ra ted  seaw ater  
w h ere  they w ere  allowed to recover. T he  control a n i
mals w ere  anaes the tised  in a similar m a n n e r  and  
injected  with filtered se aw a te r  only.

F ield b a sed  natural ch a llen ge experim en ts: Bivalves 
to be infected natura lly  w ere  p laced  in Cork H arbour  
w h ere  the p a thogen  had  been  p resen t  for a n u m b e r  of 
years. They w ere  held  for up to 10 mo. Sub-sam ples  of 
30 oysters w ere  rem oved  after 0, 1, 2, 5 and  10 mo to 
sc reen  for p reva lence  of infection.

Experim ents. The following series of experim ents  
was carried out:

Table 1 lists the exper im en ts  carried  out during  the 
study and  their objectives. Table 2 lists the transm is

sion experim ents  carried  out by natura l  cha llenge  in 
the field an d  expe r im en ta l  infection in the laboratory. 
Table 3 lists the d ifferent co-habitat ion  trials carried 
out be tw e en  the different bivalve molluscs that had  
been  exposed  to Bonam ia ostreae  e i ther  naturally  in 
the  field or experim entally  in the laboratory and  
O strea edulis  from areas  w h e re  bonam ias is  has  never  
b ee n  d iagnosed.

RESULTS 

Isolation of parasites, assessm ent of viability

A pproxim ately  8 x IO7 parasites  w ere  isolated from 
each  heavily infec ted  oyster in approx im ate ly  1 ml of 
FSW, A ssessm ent of viability ind icated  tha t 95 % of the 
cells w ere  viable following the  isolation process in all 
cases.

Experim ent 1

N atural transmission: to d e term in e  i f  a n u m b e r  o f 
b iva lve m ollusc  sp e c ie s  could  be in fe c te d  w ith B ona
m ia ostreae fo llow ing  transfer to an area w here  B. 
ostreae has b een  p re se n t for a n u m b e r  o f  years.

Five bivalve species, O strea edulis, Crassostrea  
gigas, R ud itapes decussa tus, R. ph ilipp inarum , and 
M ytilu s edulis, w ere  m onitored  over a 10 mo period 
after be ing  p laced  in a B. ostreae  infec ted  area  
(Table 4). No infection with B. ostreae  was found in 
any  of the sub-sam ples  of each  popula tion  taken
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T ab le  2. Expts 1, 2.1 an d  2.2 outlining transmiss ion  experim ents  carr ied  out by na tura l  infection in the field an d  experim ental
injection in the laboratory

Expt Location M o d e  of 
t ransmission

Bivalves
exposed
(number)

Source of 
bivalves

M ethod  of 
holding

W hen
sam pled

M ethod  of 
diagnosis

1.1 C ork 
H arbour  
-  Field

N atural
O. ed u lis  (327)
M . ed u lis  (900)
R. d ecu ssa tu s  (375)
R. p h ilip p in a ru m  (336) 
C. gigas  (300)

Tralee, Ireland 
Bantry, Ireland 
Bantry, Ireland 
Sligo, Ireland 
Cork, Ireland

Bags on trestles:
327/bag
300/bag
125/bag
112/bag
75/bag

After 0, 1, 2, 5 
an d  10 mo 
(30 bivalves 
from each 
group  on 
e ach  occasion)

Heart
sm ears

2.1 Cork
-  Laboratory

E xperim enta l
injection:
5 xlO6 B. 
ostreae  in 
500 pi FSW/ 
oyster 
Controls:
500 pi FSW/ 
oyster

O. ed u lis  (180)
R. d ecu ssa tu s  (180)
R. p h ilip p in a ru m  (180) 
C. gigas  (180)

Tralee, Ireland 
Bantry, Ireland 
Sligo, Ireland 
Fountains town, 

Ireland

500 1 a e ra ted  
tanks; 
fed on 
Tetraselm is

30 animals 
rem oved  2 w k  
post-inoculation 
all rem ain ing  
animals rem oved  
after 6 mo

Heart
smears

2.2 Vigo
-  Laboratory

E xperim enta l
injection:
4.15 x IO4 B. 
o streae  in 
500 pi FSW/ 
oyster 
Controls:
500 pi FSW/ 
oyster

O. edulis  (19) 
M. g a llo p ro v

incialis  (20) 
O. edulis  (10)

Norfolk, UK 
Norfolk, UK

Norfolk,  UK

75 1 aera ted  
tanks  (water 
fi ltered and 
p assed  th rough  
UV system); 
fed on 
Tetraselm is

H em olym ph 
tes ted  after 
7 wk, all a n i 
mals rem oved  
by 6 mo

H e m o 
lymph 
sm ears  and  
histology

Tab le  3. Expts 3.1, 3.2 a n d  4 outlin ing  co-habita t ion  trials carried  out b e tw e e n  Ostrea  edulis, M y tilu s  edulis, M. galloprovincialis, 
R u d ita p es decussa tus, R. p h ilip p in a ru m  a n d  C rasssostrea g igas  tha t  h a d  b e e n  e xposed  to Bonam ia ostreae  e i the r  naturally  in the 

field or  e xperim ental ly  in the  labora tory  a n d  O. ed u lis  from a rea s  w h e re  bonamiasis  has  nev er  b e e n  d iag n o sed

Expt Location M ethod  of
transmission

Bivalves
exposed

M ethod  of 
exposu re

Held
with

Source Holding
facilities

Sam pling M ethod  of 
diagnosis

3.1 Cork C o-habita tion O. edu lis N atural O. edulis L. Foyle, 500 1 ae ra te d M oribund Heart
-  Laboratory (150) -  Field (87) Ireland tanks, at animals smears

M. edu lis O. edu lis am bien t rem oved
(150) (87) tem p era tu re th roughou t
R. d ecu ss O. edu lis and  fed on trial, all
atus  (150) (87) Tetraselm is rem ain ing
R. p h ilip p  O. ed u lis anim als
inarum  (150) (87) rem oved
C. gigas O. ed u h s after 6 mo
(150) (87)

3.2 Vigo C o-habita tion M. g a llo  Natural O. ed u lis Norfolk, 75 1 tanks « Hem olym ph
-  Laboratory p ro v in c i -  Field (25) UK sm ears and

alis (21) histology

4 Cork C o-habita tion O. edu lis E x p er im en  O. edulis Tralee, 500 1 a e ra ted » H eart
-  Laboratory (150) tal in jec  (100) Ireland tanks, at sm ears

R. d ecu ss tion 5 x IO6 O. edulis am bien t
atus  (150) B. ostreae/ (100) tem p era tu re
R. p h ilip p  - 500 pi FSW/ O. edulis an d  fed on
arum  (150) oyster (100) Tetraselm is
C. gigas O. edu lis
(150) (100)



Culloty et a).: Susceptibility of bivalves to Bonam ia ostrea 77

Table  4. Monitoring (% p rev a len ce  of infection and  % cumulative  mortality) of O strea edulis, M ytilu s  edulis, R u d ita p es d ecu ssa 
tus, R. ph ilipp inarum , an d  Crasssostrea g igas  a t 0, 1, 2, 5, and  10 mo after transfer  to an  oyster g row ing  a rea  (Cork Harbour,

Ireland) w h e re  Bonam ia ostreae  has b e en  p re sen t  for over 10 yr

Species N 0 mo 1 mo 2 mo 5 mo 10 mo
Prev. of Prev. of Cum. Prev. of Cum. Prev. of Cum. Prev. of Cum.
infection infection mortality infection mortality infection mortality infection mortality

( % )  ( % )  ( % )  ( % )  ( % )  ( % )  ( % )  ( % )  ( % )

Expt 1
O. edulis 327 0 0 9.1 0 14.3 0 ND 25.0 24.7
M . edu lis 900 0 0 1.6 0 2.0 0 ND 0 7.2
R. decussa tus 375 0 0 1.6 0 2.7 0 ND 0 19.3
R. p h ilipp inarum 336 0 0 92.3d 0 2.9 0 ND 0 10.0
C. g igas 300 0 0 0 0 0.3 0 0.3 0 0.3

■“Following heavy  mortalit ies this g roup  was rep laced  with a n ew  sam ple  after severa l  w e ek s  in the field

before re laying took place. Over the 10 mo period 5 
sub-sam ples of the bivalves w ere  taken  to monitor 
p reva lence  of infection. After 1 mo the M anila clams 
suffered very heavy mortalities of 92.3% and  had  to 
be  rep laced  with a n ew  cons ignm ent of clams. The 
cause  of these mortalities was not de te rm ined  but 
similar losses occurred  in the ha tchery  of origin at 
the time. Up to and  including 5 mo after transfer 
none of the bivalves show ed any infection with B. 
ostreae  following monitoring with  hea r t  smears. 
However, w h en  sc reened  after 10 mo the  flat oysters 
that had  survived show ed  a 25%  preva lence  of infec
tion. All other species rem a ined  uninfected. The flat 
oysters also show ed  the h ighest cum ulative mortality 
at 24.7% over the 10 mo trial period. Cum ulative 
mortalities in the other bivalves varied from 0.3 to 
19.3%.

Experim ents 2 .1 -2 .2

E xperim en ta l transmission; to d e term in e  i f  a n u m b e r  of 
biva lves could  be in fe c ted  w ith B onam ia ostreae fo l
low ing  in jection  w ith the parasite.

In parallel exper im en ts  in Cork and  in Vigo, Ostrea  
edulis, M ytilu s  galloprovincialis, R ud itapes d ecu ssa 
tus, R. ph ilipp inarum  and  C rassostrea gigas, ob ta ined  
from areas  w h e re  the  d isease  has  n ev e r  b e e n  d ia g 
nosed, w ere  held  in the  laboratory  and  individuals 
injected with a know n  dose of viable parasites  in fil
te red  seaw ate r  (Table 5). No infection with Bonam ia  
ostreae  was found in any of the sub-sam ples  taken  at 
the beg inn ing  of the  trial. M oribund  anim als w ere  sa c 
rificed during  the course of the exper im en ts  and  e x a m 
ined  for B. ostreae. The m oribund  flat oysters show ed

Table  5. Monitoring over a 6 mo period (% prevalence  of infection an d  % cumulative  mortality) of O strea edulis, M ytilu s ga llo 
provincialis, R u d ita p es decussa tus, R. p h ilip p in a ru m , and  Crasssostrea gigas, following injection of each  an im al  with  a  know n

n u m b er  of viable Bonam ia ostreae  cells

Species N M oribund  animals (during trial) 
C um ula t ive  P reva lence  of 

mortality (%) infection (%)
Survivors

(%)

Survivors
Preva lence  of 
infection (%)

O. ed u h s  
Expt 2.1 (Cork) 150 53.0 31.2 46.7 80.4
Expt 2.2 (Vigo) 19 5.5 100 94.5 29.4

M . galloprovincialis  
Expt 2.2 (Vigo) 20 40.0 0 60.0 0

R. decussa tus  
Expt 2.1 (Cork) 150 25.0 0 75.0 0

R. ph ilipp inarum  
Expt 2.1 (Cork) 150 85.8 0 13.3 0

C. gigas  
Expt 2.1 (Cork) 150 4.2 0 95.8 0
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31.2 an d  100.0% p reva lence  of infection respectively 
in the  Cork and  Vigo laboratories. At the  end  of the 
6 mo trial the  rem ain ing  live oysters h ad  80.4 and  
29.4 % preva lence  of infection respectively. No B. 
ostreae  w e re  found in the  mussels, clams and  Pacific 
oysters e i ther  during or at  the end  of the trials. H igh 
cum ula t ive  mortalities occurred  in Cork in the M anila 
clams at 85.8% and  w ere  lowest in one g roup  of flat 
oysters at  5 .5%  and  Pacific oysters at 4 .2%. The high 
mortalities in the M anila  clams a p p e a re d  to be  a result 
of the  stress induced  by the  holding conditions an d  f re 
q u e n t  handling .

Experim ents 3 .1 -3 .2

C ohabitation experim ents: to d e term in e  i f  na tura lly  e x 
p o se d  biva lves can act as vectors for Bonam ia ostreae.

In Expt 3.1, flat oysters, mussels, clams an d  Pacific 
oysters tha t w ere  held  in an  area  in Cork H arbour  
w h e re  B onam ia ostreae  is p resen t  w ere  r e tu rn ed  to the 
laboratory  in Cork after 10 mo (Table 6). The flat oys
ters h ad  a 25% preva lence  of infection on being 
re tu rn e d  to the  laboratory  but B. ostreae  w as not d ia g 
nosed  in the  o ther  species  (Table 4). T hese  bivalves 
w ere  he ld  with  groups of flat oysters from an  area  not 
previously  d iagnosed  with  the  disease. After 6 mo co
habi ta t ion  the flat oysters tha t h a d  b e e n  naturally  
infec ted  in the wild show ed  a 66.7% p reva lence  of 
infection. T he  g roup  from an  a re a  free of B. ostreae  
held  with  them  show ed  a 46.6%  p reva lence  of infec
tion. B. ostreae  was not d e tec ted  in the o ther  bivalves 
that h ad  b e e n  held in the  infected  area  nor in the  flat 
oysters held  with them.

Expt 3.2 took place in the  laboratory  in Vigo. N a tu 
rally exposed  M ytilu s galloprovincialis  w ere  held  with

O strea edulis  from an area  w here  the d isease has 
never  been  d iagnosed. No infection was found in 
e i ther  group during or at the end  of the 6 mo exper i
m en ta l  period.

Experim ent 4

C ohabitation experim ent: to d e term in e  i f  e x p e r im e n 
tally in jec ted  b iva lves can act as vectors or in te rm e d i
a te hosts for Bonam ia ostreae.

In Expt 4, flat oysters, clams and  Pacific oysters w ere  
injected  with a know n n u m b e r  of parasites  and  held 
with groups of flat oysters tha t cam e from an  area 
w h ere  Bonam ia ostreae  has  never  b ee n  de tec ted  
(Table 7). All species had  b ee n  sc reened  at the b e g in 
n ing  of the trial and  no infection was detec ted .  After 
6 mo of co-habitation the  experim entally  infected  oys
ters had  an  80.4% p reva lence  of infection and  the flat 
oysters held  with them  h ad  a 22.1% preva lence.  B. 
ostreae  was not de tec ted  in any of the other species 
injected  with the  parasite  nor in flat oysters held  with 
them.

DISCUSSION

It has  b een  know n for a n u m b e r  of years tha t the  flat 
oyster O strea edu lis  can be successfully infected  with 
Bonam ia ostreae  following either  exper im en ta l  in jec
tion in the laboratory or na tu ra l  transmission in the 
field, and  tha t transm ission occurs directly w hen  
infected  and  un infected  oysters are  held  together  
(Bachère et al. 1982, Poder et al. 1982, Tigé et al. 1982, 
Tigé & Grizel 1984, Elston et al. 1986, M ontes 1991). 
T hese  results w ere  corrobora ted  by the p re se n t  study.

Table  6. Results of labo ra to ry -based  monitoring  of co-habita t ion  trials involving O strea ed u lis , M ytilu s edulis, R ud ita p es d e c u s
satus, R. p h ilipp inarum , Crasssostrea gigas, a n d  M ytilu s  galloprovincialis, all exposed  to the p a th o g e n  Bonam ia ostreae  in the 

field a n d  held with g roups  of O. ed u lis from  an  area  w h e re  bonamiasis  has n ev er  b e en  de tected .  ND: no da ta

Species N Cum ula t ive  mortality  (%)

Uninfected  Infected 
O. ed u lis  bivalve

Prevalence  of infection 
during  the  trial (%) 

Uninfected  Infected 
O. edu lis  bivalve

P revalence  of infection 
at the e n d  of 6 mo (%) 
Uninfected  Infected 

O. edulis  bivalve

Expt 3.1 (Cork)
O. edu lis 120 19.5 91.6 ND 56.5 46.6 66.7
M . ed u lis 120 17.0 25.8 0 0 0 0
R. d ecu ssa tu s 120 9.2 8.1 0 0 0 0
R. ph ilip p in a ru m 120 2.3 95.0 0 0 0 0
C. gigas 120 2.5 0 0 0 0 0

Expt 3.2 (Vigo)
M. galloprovincialis 21 ND 0 0 0 0 0
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T able  7. Results of labora tory-based  monitoring (% p rev a len ce  of infection and  % cum ula tive  mortality) of co-habita t ion  trials 
involving O strea edulis, R ud itapes decussatus, R. ph ilipp inarum , and  C rasssostrea g igas  all experim ental ly  in jec ted  with the 

p a th o g e n  Bonam ia ostreae  and  he ld  with groups of O. edu lis  from an a rea  w h e re  bonamiasis  has nev er  b e en  de tec ted

Injected
species

N C um ula t ive  mortality (%)

Injected Uninfected 
bivalve O. edulis

Preva lence  of infection 
during  the trial (%) 

Injected Uninfected  
bivalve O. edu lis

P reva lence  of infection 
at the en d  of the  trial (%) 

In jec ted  Uninfected  
b ivalve O edulis

Expt 4 (Cork) 
O. edulis 150 53.3 32.0 31.2 12.5 80.4 22.1
R. d ecussa tus 150 25.0 31.0 0 0 0 0
R. ph ilip p in a ru m 150 85.8 10.0 0 0 0 0
C. gigas 150 4.2 5.0 0 0 0 0

The susceptibility of a n u m b e r  of bivalve species in 
c luding Crassostrea gigas, M ytilu s  edulis, M. ga llo 
provincialis, R ud itapes decussa tus  and  R. p h ilip p in 
arum  to Bonam ia ostreae  w as investigated. Following 
natura l exposure  or exper im en ta l  injection of parasites 
the  disease did not develop in any  of these species. 
T hese  results  would  indicate tha t  culturing any of 
these  species in close proximity to B. ostreae  infected 
flat oysters is possible and  these  species will not 
develop the disease. The basis of this 'resistance ' or 
lack of susceptibility needs  to be  investigated  further. 
Several authors  have previously indicated  that B. 
ostreae  has not been  de tec ted  in a n u m b e r  of bivalve 
species such as mussels M. edulis, the cockle C erasto
derm a edu le  (L.), the native clam, R. decussa tus  and  
the M anila clam R. ph ilipp inarum  (Balouet & Poder 
1983, van Banning 1985, Tigé et al. 1987, Grizel et al. 
1988, van Banning 1990). F igueras  & Robledo (1994) 
found that B. ostreae  in flat oysters in Galicia does not 
infect neighbouring  M. galloprovincialis. Renault et al. 
(1995) w ere  unab le  to experim entally  induce an  infec
tion by inoculation of purified parasites into Pacific 
oysters.

Furtherm ore, it appears  that these bivalve species 
cannot act as ei ther  vectors or in te rm ed ia te  hosts for 
this parasite, as no infection occurred  in any flat oysters 
tha t w ere  held  with these  species for up  to 6 mo follow
ing either natura l  or experim ental exposure  to Bonam ia  
ostreae. This would  indicate tha t these species would 
not be  responsible  for the sp rea d  of the disease.

These results are  re levan t to the m ovem ent of a 
n u m b e r  of bivalve species within the E u ropean  Union, 
particularly those originating from areas  w here  
Bonam ia ostreae  is p resen t.  In this study u n d e r  a var i
ety of conditions, in both the  laboratory  and  the field, a 
n um ber  of bivalve species did not act as vectors for the 
protozoan parasite  B. ostreae  nor did they ap p e a r  to be 
susceptible to this parasite. The fact tha t questions still 
rem ain  in relation to certain  aspects  of the life cycle of 
B. ostreae  and  presen tly  available  diagnostic te c h 
n iques m ay have  their limitations should be taken  into

consideration. However, w hen  shellfish are  cu ltu red  
and  m oved  u n d e r  conditions com parab le  to those used  
in these  exper im en ts  it is unlikely tha t the  sp rea d  of B. 
ostreae  will occur.

A ck n o w led g e m e n ts .  This work was su p p o r ted  by E uropean  
Union FAIR contract 94C 85/13.
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