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INTRODUCTION

The haplosporidian parasite Bonamia ostreae (OIE
2012) is the causative agent of bonamiasis, which is
capable of causing severe mortalities of native Euro-
pean flat oysters Ostrea edulis. The impact of in -
fection is evidenced by the drastic (93%) drop in
recorded production of O. edulis in France, from
20 000 t yr–1 in the early 1970s to 1400 t in 1982
(FAO data) following the occurrence of the disease,
although infection with Marteilia refringens is also
implicated in this decline (Alderman 1979).

Hudson & Hill (1991) documented the initial intro-
duction, impact and spread of bonamiasis in Eng-
land. They noted that it was first confirmed in Eng-
land in wild stocks of Ostrea edulis in the River Fal,
Cornwall, in 1982. In the same year it was also
detected in Essex and in 1983 in the Helford River. By
1986, they showed that bonamiasis was found to

have further spread to Poole (harbour and bay), the
Solent and its adjacent south coast harbours.

Further spread of the disease at the time was suc-
cessfully prevented by controls on movements of live
shellfish made under the Molluscan Shellfish (Con-
trol of Deposit) Order 1974. This legislation recog-
nised 3 separate bonamiasis-infected zones in the
southwest, south and southeast of England (Hudson
& Hill 1991). The reference to zones in the text is to a
geographical unit of one or more contiguous hydro-
logical areas defined by the diseases status. Each of
these areas will comprise one or more sampling sites
(farm or fishery location).

It is useful to consider the legislative background
to the information on bonamiasis collected and
 presented in this paper as this influenced the moni-
toring. A change in the legislation controlling move-
ments of live shellfish for re-laying became ne ces -
sary with the coming of the Single European Market
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to the UK in 1993. Movements of shellfish into the
UK continued to be controlled because the UK was
able to apply for Approved Zone status for listed mol-
luscan diseases, i.e. Marteilia refringens at Member
State level and Bonamia ostreae free zones. Initially
only bivalve molluscan shellfish originating from
areas of equal or higher health status could be intro-
duced into proposed Approved Zones, although the
rules were later relaxed for species that were not
susceptible to these diseases. An annual programme
of sampling and testing from 1993 onwards, as de -
scribed be low, of Ostrea edulis as the susceptible
species to bonamiasis and marteiliosis was carried
out in support of the application for and maintenance
of Approved Zone status, which was not officially
granted until 2002 (Commission Decision 2002/
300/EC). More recently, new aquatic animal health
legislation has been agreed by all the EU Member
States (Council Directive 2006/88/EC and Commis-
sion Regulation [EC] No 1251/2008) and transposed
into UK national legislation. Regular and routine
sampling and testing for maintenance of disease-free
status for marteiliosis was no longer required, pro-
vided that effective controls on movements were in
place, and so a much reduced monitoring programme
was initiated from 2008 onwards. Subsequent to the
official confirmation (OIE 2011) of marteiliosis in a
sample of mussels from the River Tamar in 2011 the
monitoring has once again increased slightly. Sam-
pling has also been (and continues to be) carried out
in response to reported unusual mortality.

The 1993−2007 programme in support of Approved
Zone status for marteiliosis entailed regular sampling
from all of the areas within the bonamiasis-infected
zones. As all samples are examined by histological
methods to give a complete examination of any
pathology, this together with results from previous
and subsequent sampling efforts, enabled an assess-
ment to be made of the status of bonamiasis in the
3 infected zones during at least the 15 yr period of
this programme and in some cases longer. An analy-
sis of this information is presented in this paper,
which includes data on outbreaks of bonamiasis in 7
new areas in England, Wales and Northern Ireland
since 2005.

MATERIALS AND METHODS

Following the first occurrence of bonamiasis dis-
ease in the UK in 1982, in the Fal estuary, the initial
sampling programme in England and Wales was
designed to determine geographic spread of the

 disease with the movement and deposit of live oys-
ters from known and suspected infected sites, to -
gether with a need to respond to reports of unusual
mortality.

From 1993 to 2007 inclusively an extensive planned
programme of sampling and testing of flat oysters
was undertaken for the reasons described above.
Oysters were obtained from shellfish farmers and
fishermen in all sites around the UK coast where this
species occurred in sufficient numbers. Two samples
(spring and autumn) were taken each year in areas
free of bonamiasis and marteiliosis and one sample
(autumn) in the various areas infected with bonamia-
sis but free of marteiliosis. The Official Services in
Scotland, Northern Ireland and England and Wales
were responsible for collection and testing of sam-
ples. The level of statistical confidence required for
the survey dictated the number of animals required.
In the initial application period of 2 yr, 150 animals
per site were tested by histological methods (see
remainder of this section), giving a 95% probability
of detecting disease if it were present at ≥2% preva-
lence in the population (assuming a perfect test). His-
tology is the ‘gold standard’ diagnostic method for
the diagnosis of Bonamia ostreae; it has good sensi-
tivity for moderate to high intensity infections but low
sensitivity for low intensity infections. Specificity is
low since the technique cannot discriminate between
Bonamia species. Once this initial survey had been
completed, a lower level of confidence, requiring only
30 animals per site satisfied the legislation (91/67/
EEC as amended by 95/22/EC).

In Scotland, usually between 6 and 10 areas were
sampled each year from both wild and cultivated
stocks, taking samples of 30 oysters from each area,
although in the first few years (1993 onwards) of
monitoring up to 25 samples, each of 150 oysters,
were obtained. In Northern Ireland, 7−8 samples
were taken each year from sites within loughs with
wild stocks of native oysters to give a total of
150 oysters from 1993 to 2001, and 30−60 oysters
thereafter.

In England and Wales, samples were collected
from a total of 145 sampling sites in 26 hydrological
areas. The number of sites per area ranged from 1 to
30 (median = 3.5). Sixty-eight sites were classified as
farmed sites and 76 sites as fisheries (see Table 2).
During the planned monitoring programme (1993−
2007) there were several suitable sites in many areas,
and wherever possible these were sampled in rota-
tion, usually over a 2 to 3 yr period. There were some
sites in some areas infected with bonamiasis where
sampling was carried out in the autumn every year,
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providing a continuous record of the levels of infec-
tion in these areas. The number of samples obtained
for the 1993−2007 spring sampling programme was
dictated by availability of flat oysters in areas still
free of bonamiasis. Usually about 5−8 samples (of 30
or 150 oysters) were obtained each year from each
sampling site.

Spring samples were usually taken between March
and June inclusive and the autumn samples in the
period September to December inclusive. The data
on prevalence and intensity of infection presented
are predominately from the results from the autumn
samples, unless spread to a new area is noted.

Oysters collected from each site in England and
Wales were submitted to the Cefas Weymouth Labo-
ratory in cool boxes containing ice blocks. Samples
were normally of marketable size stock, although no
size measurements were recorded. When samples
could not be processed on the day of delivery, the
oysters were chilled overnight in a commercial fridge
at approximately 4°C. Oysters were opened using an
oyster knife, whilst ensuring minimal damage to the
soft tissues. A 3−4 mm section through the main body
of the oyster encompassing digestive gland, gonad
and gills was taken and fixed in Davidson’s seawater
fixative for a minimum of 24 h before transfer to 70%
industrial methylated spirits. Tissues were processed
to wax blocks using an automatic vacuum infiltration
tissue processor. Sections were cut at 3 to 5 µm and
adhered to a glass microscope slide. Samples col-
lected between 1993 and 2000 inclusively were rou-
tinely stained using Gomori’s trichrome stain. Sam-
ples processed from 2001 to 2007 were stained using
haematoxylin and eosin (H&E). Both staining tech-
niques provided good resolution of histopathology
and of Bonamia ostreae parasites, as well as con-
comitant parasite infections if pres-
ent. Gomori was the staining tech-
nique used for assessment of disease
presence (including bonamiasis) that
was widely used for several years as
an alternative to H&E. It is a tech-
nique that was originally de signed to
show connective tissues as well
as other structures (Gomori 1950).
Stained slides were examined on a
light microscope using bright field
illumination. Individual sections were
examined at a range of magnifica-
tions and notes made of the presence
of pathological changes and parasites
in tissue sections. In particular, note
was made of any animals infected

with Bonamia sp. In dubious cases, additional sec-
tions were examined. Infection levels in oysters col-
lected from 2003 to 2007 inclusive were assessed
from stained tissue sections according to a grading
system ranging from 0 (uninfected) to 3 (heavy infec-
tion) (Table 1). Compared with the scoring technique
adopted by Diggles et al. (2003) for comparison of
heart imprints, histology and in situ hybridisation for
B. exitiosus, our approach used fewer categories for
the level of infection, i.e. 3 rather than 5, since we
found that a simpler system was easier to apply dur-
ing routine diagnosis.

RESULTS

A list of all the areas in England and Wales sam-
pled in the spring and autumn monitoring pro-
grammes, together with a summary of monitoring of
the sites within these areas, is given in Table 2.
Infected populations were found at 100 sites (54
farmed sites and 46 fishery sites) in 17 of the 26 areas.
In these areas, the percentage of sites where infec-
tion was found one or more times over the sampling
period varied from 100% (in 10 areas) to 25% (in one
area). Approximately 69% of all 145 sites and 76% of
the 131 sites in known infected areas tested positive.
Table 2 does not include results that were presump-
tive, due to unconfirmed observations in additional
histological sections or in further samples from the
same site. There was a strong contrast in the site
prevalence between some of the larger areas. In the
Solent, only 11 of 30 sites (7 of the 26 fishery sites and
all 4 farm sites) tested positive compared with the
Blackwater and the Fal, where all 25 sites and 17 of
18 sites, respectively, were found to be infected at
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Grade    Description

0             No infection present

1             Few (1 to 5) small focal areas of haemocyte proliferation, one or
more of which contain few to moderate numbers of intracellular
parasites.

2             Multifocal (5 to 10) or zonal areas of haemocyte proliferation occu-
pying gill tissue, digestive gland/gonad or both. Parasites will be
more abundant than in Grade 1 and some may be extracellular in
vessels or connective tissues.

3             Diffuse infections with large numbers of haemocytes infected with
one to several parasites present in each infected cell. Generalised
haemocyte proliferation may or may not be present. Disrupted or
necrotic host tissues will be evident.

Table 1. Grading system used to assess intensity of Bonamia infections in 
oysters examined by histology between 2003 and 2007
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least once. During the 1993 to 2007 monitoring
period, none of the sites tested in the Solent were
found positive in 6 years; by contrast, on the Fal and
Blackwater at least one site tested positive in every
year. The average prevalence of infected sites on the
Blackwater was considerably higher than infected
sites in the Solent or Fal (15.5 ± 1.3% compared with
7.9 ± 1.6% and 9.6 ± 0.7%, respectively).

From 1982 to 2012, over 76 000 oysters in 1175
 samples were examined by histology (Table 3). The
average prevalence at infected sites was 9.31% (rang-
ing from 2.4% in 1982 to 16.0% in 1986). Farmed sites
had a higher average prevalence compared with fish-
ery sites (12.8 ± 0.83% compared with 5.9 ± 0.48%).
In the only year (1989) when the average prevalence
was higher in fishery areas compared with farmed
sites, the results are based on just a few farm samples
and a greater number of samples from wild stocks
from the Fal at a time when there was a steady in-
crease in prevalence of the disease in these stocks
(see below). There was no obvious trend in prevalence
over time.

The prevalence of infection (in all
samples, where at least one animal
tested positive) varied from 0.04 to
74%, with a mean of 11.78% (median
6.90%). The distribution was skewed
to the right (Fig. 1A) and the preva-
lence in 58% of samples was 10% or
less, but a small number of popula-
tions were heavily infected (8% of
samples had a prevalence greater
than 30%). When prevalence distri-
bution is broken down by area type
(fishery versus farmed; Fig. 1B) it
becomes clear that fishery areas are
more likely to have low observed
prevalence (≤10%) and less likely to
have prevalence >15% compared
with farmed areas.

An assessment of trends within the
3 infected zones representing the
main production areas in the UK was
made.

Southwest England (Areas 17−22)

In 1991, the Fal and Helford river
estuaries were the only areas known
to be infected in this part of the UK.
Sampling in 1993 revealed that native
flat oysters collected from Plymouth

Harbour were also infected with Bonamia ostreae at
a low level of prevalence (1−2%). Subsequent sam-
pling within this zone detected presence of B. ostreae
in oysters from the River Lynher at 10% prevalence
in 1996. The other 2 areas within this designated in -
fected zone from which samples have been obtained
are the Rivers Fowey and Yealm. B. ostreae has never
been detected in oysters from these areas from 10
and 2 annual samples of 30 oysters, respectively.

The River Fal

The major oyster fishery in southwest England, and
the second largest in the UK, is the Truro Fishery in
the River Fal. It is unique within the British Isles in
that no mechanically propelled vessels are permitted
to participate in the fishery. As can be seen in Fig. 2,
there has been a significant decline in the prevalence
of the Bonamia ostreae parasite during the 1993−2007
monitoring period (r2 = 0.76, p < 0.0001, df = 13; using
arcsine-transformed data). Prior to this period, preva-
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Hydrological area Sampling sites
Farmed Fishery Total Testing Years

positive sampled

1. Holy Island 1 1 0 4
2. Brancaster 1 1 0 7
3. River Blyth/Alde 2 2 0 7
4. Walton Backwaters 2 1 3 3 20
5. River Colne 3 3 2 13
6. River Blackwater 16 9 25 25 24
7. River Crouch/Roach 5 1 6 6 16
8. South Thames 3 1 4 1 22
9. Chichester Harbour 1 4 5 5 19
10. Langstone Harbour 3 3 3 15
11. Portsmouth Harbour 2 4 6 6 16
12. The Solent 4 26 30 11 24
13. Poole Bay 2 2 2 17
14. Poole Harbour 9 9 9 22
15. Portland Harbour 3 2 5 2 7

and The Fleet
16. River Dart 1 1 0 4
17. River Avon 1 1 0 2
18. River Yealm 1 1 0 2
19. Plymouth Harbour 1 1 2 2 5
20. River Fowey 1 1 0 11
21. River Fal 6 12 18 17 24
22. River Helford 1 1 2 2 16
23. Swansea Bay 4 4 0 16
24. River Cleddau 4 4 3 14
25. Menai Strait 4 4 1 19
26. Morecambe Bay 2 2 0 10

Total 69 76 145 100 −

Table 2. Farm and fishery sites in England and Wales sampled for Bonamia, 
1982 to 2012
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lence had increased steadily from 0.75% in 1985,
when it was first detected in wild stocks, 3 yr after be-
ing found in relayed (cultivated) oysters, to a maxi-
mum of 15.2% in 1990. There were no samples in
1991 and prevalence was 7.2% in 1992.

Data on intensity of infection in individual oysters
were only recorded from the period 2003−2007 inclu-
sive. During this time of low prevalence of infection,
at an average of 2%, nine 30 oyster samples re turned
a bonamiasis-positive result for a total of 12 oysters.
Most (8; 67%) of these oysters were lightly infected
(Grade 1), with 2 oysters in each of the moderately
and heavily infected categories (Grades 2 and 3,
respectively).

Southern England (Areas 9−15)

The main fishery here is the Solent, which en -
compasses managed fisheries of over 17 500 ha.
The South Coast harbours (Portsmouth, Langstone

and Chichester) are public fisheries, although they
are covered by local fishery bylaws. In 1991,
bonamiasis was known to occur throughout the
zone, with the exception of Portsmouth and Lang-
stone harbours, where it was first detected when
monitoring began in 1993.
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Year Oysters Sites Sites Prevalence
sampled tested positive Overall Farm Fishery

1982 1964 40 10 2.44 9.25 0
1983 6051 51 27 8.10 14.17 2.18
1984 4215 39 20 8.16 11.10 0
1985 1174 9 8 5.62 9.10 3.38
1986 3068 25 16 3.88 12.79 1.59
1987 3075 26 23 11.48 12.17 4.25
1988 3795 36 25 14.73 22.79 6.22
1989 1406 13 10 3.70 3.07 5.45
1990 4572 22 19 6.08 10.47 5.73
1991 720 7 2 2.83 8.50 1.70
1992 1500 10 10 5.43 7.55 4.02
1993 11 700 78 33 15.22 17.59 12.71
1994 8850 58 29 11.10 14.46 8.38
1995 1680 55 25 13.40 21.60 7.93
1996 2010 66 25 16.00 22.08 9.42
1997 2160 72 21 9.52 10.50 8.64
1998 1950 65 28 13.52 20.48 4.24
1999 1410 47 27 14.37 18.88 7.82
2000 1620 55 30 10.99 14.56 5.63
2001 1620 54 34 9.35 12.50 5.81
2002 1590 53 22 10.36 13.39 5.99
2003 1650 55 28 15.72 20.24 10.50
2004 1767 57 32 9.87 12.37 7.66
2005 1600 50 27 7.72 8.31 6.86
2006 1302 51 27 12.00 12.26 11.79
2007 1419 46 23 8.13 13.84 6.50
2008 330 10 5 8.12 8.30 8.00
2009 363 5 2 3.83 3.83 –
2010 201 2 1 8.33 8.33 –
2011 705 8 8 9.51 11.20 5.73
2012 840 10 5 9.17 10.67 1.67

Table 3. Sampling and prevalence of Bonamia (%) by year,
1982 to 2012. Farm: farm site; Fishery: fishery site. –: no samples

Fig. 1. Distribution of prevalence of Bonamia infection (%)
in all samples with at least one infected animal. (A) All

samples; (B) by area type

Fig. 2. Mean prevalence of bonamiasis at regularly moni-
tored sites in 2 fishery areas in England (Fal and South Coast 

harbours) from 1993 to 2007
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Solent

The prevalence of bonamiasis has always been
extremely low in these managed fisheries. In 21 yr of
sampling (first sample in 1986 and none from 2008
onwards), oysters were taken from several beds in
the fishery each year during the main monitoring
period 1993−2007 to give a total of over 221 samples
over the entire time period; Bonamia ostreae has
been confirmed in only 13 of these samples. These
positive samples cover 6 of the years in the main pro-
gramme and the 2 immediate prior years (1991 and
1992), and the average prevalence for these years is
0.6%. Positive samples were obtained in only 3 of the
years when intensity of infection was being meas-
ured (2003−2007) and has tended to be low. Of the 7
in fected oysters from this period, 4 were lightly in -
fected (Grade 1), one moderately infected (Grade 2)
and 2 heavily infected (Grade 3).

Chichester, Langstone and Portsmouth Harbours

The prevalence of bonamiasis in the fisheries in
these areas is higher than in the wider Solent, with
average prevalence during the 1993−2007 period
being 12.1% in Chichester Harbour, 9.1% in Lang-
stone Harbour and 5.6% in Portsmouth Harbour.
Consistent with the data from the Fal, and taking
data from sites with results for each year, there is
an overall significant decline in level of infection
from 1993 to 2007 (r2 = 0.37, p = 0.017, df = 13;
using arcsine-transformed data) as shown in Fig. 2.
In the 10 yr prior to the main monitoring period
there were only 21 samples in total from the 3
sites, with 8 positive samples at an average of
8.9% prevalence.

Poole and the Fleet

These areas have only very small-scale fisheries,
together with some cultivation. The average produc-
tion of Ostrea edulis from Poole Harbour was about
13 t per annum during the period 1993−2008. The
average level of infection with bonamiasis here is
about 16%. In Poole Bay, bonamiasis was detected
just once in 1999 during the main (1993−2007) moni-
toring period from a total of 22 annual samples, at a
prevalence of 15%. Prior to this there were just 2
samples taken that gave positive results, one at 2.5%
prevalence in 1986, and one at 3% prevalence in
1988.

In the Fleet lagoon, 2 samples in 1993 showed an
average prevalence of 15%. There were no further
attempts at cultivation here until 2003, when hatch-
ery-reared Ostrea edulis juveniles from an unin-
fected area were introduced. There was high mortal-
ity (>35%) in this stock within a few months and
analysis of samples showed bonamiasis at a preva-
lence of just less than 30%.

Overall, the average annual prevalence of bonami-
asis in fisheries in southern England, at 3.6%, is
lower than that in southwest England (5.8%) and
southeast England (6.6%), but the differences are not
significant (F2,43 = 1.3, p = 0.281).

Southeast England (Areas 4−7)

Low (usually less than 1%) prevalence in the
native oyster stocks in the Solent allows a small culti-
vation industry to survive in the Essex creeks and
estuaries of relaying part-grown oysters taken from
this fishery for cultivation to market size in a single
growing season. The measured prevalence of Bona -
mia typically reaches 10−30% in these oysters in this
time, with usually relatively low levels of mortality of
less than 15%, although this is not documented.

The main area of activity is in the Blackwater
estuary and river, where average prevalence of in -
fection in farms during the main 1993−2007 moni-
toring period, at 22.2% from 87 samples, was much
higher than that in the wild fisheries, at 9.7% from
45 samples.

Results from the Blackwater are higher than the
national average results of 17.02% at farms and 4.7%
in fisheries during this period. Indeed the annual
average prevalence of bonamiasis at all farms in
southeast England is 18.4%, significantly higher than
from the other 2 main growing zones (southwest
England, 10.8%; southern England, 14.6%; F2,42 =
4.25, p = 0.021).

The average prevalence of Bonamia at fishery sites
in the Blackwater in the years since 2002, when the
nuclear power station ceased to operate, is 12.75%,
significantly greater than that prior to 2002, at 5.45%.
Prevalence in farms is broadly similar for the 2 peri-
ods, at 21.0 and 22.9%, respectively. In the rest of the
UK there is no corresponding trend in bonamiasis
prevalence at either fishery or farm sites.

There are 4 separate farm sites, 2 in each of 2 areas
(Walton Backwaters [Area 4] and River Blackwater
[Area 6]) in the southeast of England, where autumn
(September−December) samples were taken every
year during the 1993−2007 monitoring period. Exam-
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ination of the results from these sites shows that
bonamiasis prevalence is highest in October, declin-
ing thereafter. Annual averages are 16.4% (Septem-
ber), 36.2% (October), 27.4% (November) and 19.6%
(December), and the difference between months is
significant (F3,52 = 6.14, p = 0.0011; using arcsine-
transformed data). The intensity of infection (61% at
Grade 3) is also significantly higher in parasitized
oysters in October (F3,13 = 5.42, p = 0.012; using arc-
sine-transformed data) in the farm samples. Intensity
of infection at Grade 3 in the other autumn sampling
months was 37.6% (September), 43% (November)
and 27% (December).

There is no equivalent seasonal relationship in
fished beds, where prevalence is lower. The intensity
of infection in oysters found in the fishery samples is
also lower than in the farm samples. Overall, 34% of
fishery oysters were heavily infected (Grade 3) com-
pared with 43% for farmed oysters.

The 2 adjacent farm sites in Walton Backwaters
(Area 4) were sampled on the same date in any one
year in 12 of the years during the 1993−2007 monitor-
ing period. The mean prevalence of infection was
similar (22.6 and 24.7%) at the 2 sites, although the
range varied from 0 to 46.9% at one site and from 3
to 42.4% at the other. A paired t-test detected no cor-
respondence of annual percentage prevalence levels
between the 2 sets of results (t = 0.41, p = 0.34, df =
11; using arcsine-transformed data).

Spread to new areas

Samples from the uninfected areas in the UK tested
negative until bonamiasis was detected in Northern
Ireland for the first time in 2005 and in Scotland and
Wales for the first time in 2006. In the 7 yr since 2005,
bonamiasis has been detected in Ostrea edulis in 7
new areas in England, Scotland, Wales and Northern
Ireland (Table 4).

In all cases, appropriate measures have been put in
place to prevent further spread of the disease from
these areas (confirmed designations; Fig. 3). These
measures prohibit the movement of stock out of the
area for relaying or depuration into any area free of
the specified pathogen.

In February 2011, analysis of a sample of weak
native oysters reportedly harvested from the River
Fal and held in purification tanks showed, by
molecular methods (Narcisi et al. 2010), that one of
these oysters was infected with Bonamia exitiosa.
This diagnosis was confirmed by the Ifremer Euro-
pean Union Reference Laboratory for molluscan

shellfish diseases. Subsequent sampling of 150 oys-
ters from this fishery and 150 oysters from the adja-
cent River Helford failed to detect any further B.
exitiosa positive samples, although B. ostreae was
detected. Since then all bonamiasis positive oysters
have been subjected to PCR testing for B. exitiosa,
but no further positive samples have been found in
the UK.

DISCUSSION

Bonamiasis, caused by the protozoan parasite
Bonamia ostreae, appeared in the UK in 1982 and
soon became established in 3 coastal zones. It then
did not spread to any new areas in the UK for 19 yr
(1986−2005), but thereafter 7 outbreaks followed
in as many years. A corresponding pattern in the
spread of the disease has been noted in Ireland,
where between 1993 and 2002 B. ostreae was not
detected in any new areas but was then identified
in Achill Sound and in the following year in the
nearby beds at Loughmore, Blacksod Bay. In Nor-
way, B. ostreae was detected for the first time in
2008 (Hellberg & Aakvik 2010). Other serious shell-
fish diseases have also appeared for the first time in
England in the last 2 yr, including the new variant
oyster herpes virus in Pacific oysters and B. exitiosa
in Ostrea edulis (Oidtmann et al. 2011). The latter is
also associated with the dredge oyster O. chilensis,
a species that has been introduced to the UK. The
strict quarantine procedures used for this introduc-
tion make it impossible that this pathway was the
source of the pathogen and the actual mechanism is
unknown.
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Year     Bonamiasis detected

2005     Lough Foyle (on the border between the Republic
of Ireland and Northern Ireland and as such falls
under the jurisdictional control of both Ireland
and the UK) (Area 27)

2006     River Cleddau and Milford Haven, southwest
Wales (Area 24)

2006     Loch Sunart, western Scotland (Area 28)
2007     North Kent (the area affected is contiguous with

previously infected Areas 4−7 (Area 8)
2008     West Loch Tarbert, western Scotland (Area 29)
2008     Strangford Lough, Northern Ireland (Area 30)
2011     Menai Strait, north Wales (Area 25)

Table 4. Spread of bonamaisis in the UK since 2005 (num-
bers refer to areas in Fig. 3). Initially (1982−1986) the disease
was confined to 3 zones represented by Areas 4−7, 9−15 

and 17−22
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It is not clear why bonamiasis should have spread
in this way in recent years. Where new outbreaks
have occurred, epidemiological investigations have
been carried out. These are constrained by the fact
that it is rarely clear when the disease was intro-
duced to a new area. It is possible for the parasite to
be present at levels that are so low that they are dif-
ficult to detect and do not cause any obvious mortal-
ity, especially where stock densities are low. This is
shown by the small proportion of positive samples
from the Solent during routine monitoring. Assum-
ing a perfect test and a prevalence of 5%, there is a
21% probability that a sample of 30 oysters will fail
to detect at least one infected animal. Thus the
results presented in this paper probably overesti-
mate the prevalence at infected sites (since low
prevalence sites are more likely to be found nega-
tive) and un derestimate the number of infected
sites.

During the initial spread of the disease in England,
infection did not appear in some new areas until 4 yr
after the last movement of stock from infected areas
(Hudson & Hill 1991). Nevertheless, some ideas of
how the disease may have been spread more
recently have emerged. These in clude: unauthorised
movement of shellfish; transfer by contaminated fish-
ing vessels or gear; shipping transfers through ballast
water discharge or biofouling on boat hulls; and
transfer by introduction of marine substrate (ICES
2005).

The most likely source of infection in at least one of
the outbreaks in the UK is thought to be the unautho-
rised deposit of oysters from an infected area. This
may have been for the purposes of depuration, when
either water from tanks in which the infected oysters
were held or the oysters themselves were released
into the local environment. For the industry, a pri-
mary concern is shellfish hygiene classification, and
there can often be a lack of awareness of shellfish
health issues and the controls applied to prevent the
introduction and spread of bonamiasis. Recent legis-
lation (EC Directive 2006/88/EC) includes a require-
ment for depuration centres to be authorised and to
comply with specific biosecurity measures, which
should help to limit the possibility of such events
occurring in the future.

Previous epidemiological investigations into inci-
dences of bonamiasis have cited movements of shell-
fish dredgers as a possible cause of infection (Van
Banning 1991). In some of the UK outbreaks, fishing
vessels operated in both infected and disease-free
areas. Despite the awareness of the risk and guide-
lines that the vessels are regularly washed down
thoroughly between fishing trips, accidental transfer
by this means may have occurred.

During the initial spread of the disease in the UK
it was suggested that bonamiasis was transferred
from positive to negative areas of the south coast of
England by infected shellfish on the hulls of boats
(Howard 1994). It is also suggested that Bonamia sp.
parasites can be introduced through ballast water
discharge (Bishop et al. 2006). Whilst there has been
no direct evidence of these transfer methods in any of
the recent outbreaks, some of the outbreaks are in
areas close to busy waterways and major ports, and it
is possible that bonamiasis may have been carried
into these waters by one of these means.

Where marine gravel transfer takes place, there is
the possibility that bonamiasis could be carried
within this substrate material, either by direct trans-
fer or from later release of residual material left in the
hold. Various organisms other than can Ostrea edulis
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Fig. 3. Confirmed designations for Bonamia ostreae in the UK
on 31 December 2012. The figure includes the one area (21)
in southwest England where B. exitiosa was also detected. 

Numbers refer to areas listed in Tables 2 & 4
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carry the Bonamia parasite. These include 8 benthic
macro-invertebrates, for example the brittle star
Ophiothrix fragilis (Lynch et al. 2007), and if these or
infected oysters are included in the dredge material,
then this method of transfer is possible and could
apply to at least one of the UK outbreaks. It should
also be noted that if commercially cultivated shellfish
species such as Pacific oysters and mussels are con-
taminated with any other organisms capable of car-
rying the parasite, then legal deposits of these spe-
cies from infected to disease-free areas can introduce
bonamiasis. It has also been suggested that Pacific
oysters themselves may transfer the disease organ-
ism (Culloty et al. 1999).

It is generally agreed that there is a rising trend in
seawater temperatures due to climate change. Sea-
surface temperatures in UK coastal waters have risen
by between 0.2 and 0.8°C per decade since the
1980s, and warming in the shelf seas around UK and
the upper layers of the North Atlantic is predicted to
continue (rising by 1.5 to 4°C; Lowe et al. 2009),
although perhaps at a lesser rate to that observed in
the last 25 yr (Hughes et al. 2010). The potential
effect of this on the spread and prevalence of
bonamiasis should therefore be examined. Such
information is currently limited. Arzul et al. (2009)
showed that parasite survival and non-specific
esterase activities were lower at higher temperatures
(25°C) than at 4 or 15°C. Our data from the Blackwa-
ter show that prevalence of bonamiasis in wild oys-
ters was lower during the period when water temper-
atures were raised by the power station effluent,
although unfortunately we do not have temperature
records as readings from the nearest routine monitor-
ing station at Bradwell are only available up until
2002. There is also a measurable decrease in bonami-
asis prevalence in the 2 areas in the UK (Fal and
South Coast harbours) most likely affected by natu-
rally increasing seawater temperatures. However,
Hauton et al. (1998) found that immuno-competence
of oysters was best at intermediate (15°C) tempera-
ture, provided salinity was high, and Engelsma et al.
(2010) found evidence suggesting that mortality in
flat oysters increased at higher water temperatures.
So although prevalence of the disease may be lower
at higher temperatures, the oysters may be more
likely to die.

Salinity is also a factor in prevalence of disease.
Arzul et al. (2009) found that high salinities (≥35 g l−1)
favoured survival of the Bonamia ostreae parasite. In
the eastern USA, results show statistically significant
correlations between the observed prevalence of
Haplosporidium nelsoni (multinucleated sphere X

disease, MSX) in Crassostrea virginica and multiple
physical factors including salinity (Wang et al. 2012).

A further factor in decreasing prevalence of
bonamiasis in fisheries in the Fal and South Coast
harbours may be development of resistance to the
disease within these stocks. There is clear evidence
from other studies to show that Ostrea edulis stocks
can become disease resistant (e.g. Elston et al.
1987, Culloty et al. 2004, Da Silva et al. 2005).
Development of resistance to an introduced patho-
gen by native oyster stocks has also clearly been
shown for the eastern oyster Crassostrea virginica
infected with MSX in Delaware Bay, USA (Ford &
Bushek 2012). Since 2005, oyster stocks in the Fal
have recovered to levels greater than those prior to
the detection of bonamiasis in this area (Vanstaen
2012).

Landings data from managed fisheries are avail-
able but do not necessarily reflect prevalence of dis-
ease in stocks due to variation in other factors, espe-
cially fishing effort. Landings from the River Fal
fishery were 120−250 t yr–1 in the years immediately
preceding the first records of bonamiasis in this area
in 1982. Landings were then very much reduced
from 1983 to 1992, at an average of less than 20 t yr–1,
almost certainly due to the mortalities inflicted by the
disease and the effect this will have had on recruit-
ment. There was a revival in catches in the mid to
late 1990s, at a time of decreasing prevalence of
bonamiasis (Fig. 2), to around 100 t yr–1. However,
landings have reduced again since then.

Stock densities on exploited oyster grounds can be
variable due to a combination of year-on-year differ-
ences in fishing effort and irregular recruitment due
to environmental factors. Although prevalence of
bonamiasis in the Solent remains low, population sur-
veys show a trend of decline in oyster stocks and very
limited recruitment (Vanstaen & Palmer 2009). Van
Banning (1991) and Engelsma et al. (2010) found no
relationship for prevalence of bonamiasis and oyster
stock densities in The Netherlands, and the former
concluded that the level of prevalence is related to
various stress factors.

There has been no decline in prevalence of bon -
amiasis in cultivated stocks in the UK during the
period of this study. A range of mechanical (e.g.
hand ling and sorting) and biological (e.g. food
availability, salinity, stock density) stress factors
may be important. This is clearly illustrated by the
lack of any relationship between the prevalence of
bonamiasis in cultivated stocks at 2 adjacent sites in
southeast England. Year-on-year variation within
and between individual farm sites may depend on
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cultivation practices employed such as size, quantity
and time that seed or half-grown oysters become
available and density at which they are relayed.
Such practices are often not under the control of the
operator and lack of documentation makes it dif -
ficult to identify specific reasons for variation in
prevalence.

In this study bonamiasis prevalence was highest in
October. By contrast, in The Netherlands, annual
monitoring of fishery sites (1989 to 2006) indicated
that prevalence was highest in the largest oysters in
spring and declined disproportionately in autumn
(Engelsma et al. 2010). This may be due to high
 mortality of large oysters before autumn, suggesting
that prevalence depends on oyster age. Lower pre -
valence in UK oysters in November and December
may be due to loss of stock through mortality due to
the disease earlier in the year. Experience from
 studies in Spain (Cigarria et al. 1995) suggests that
holding oysters into another year gives very little
additional yield attributable to growth, as mortality
increases to 75−90%.

CONCLUSIONS

Bonamiasis has spread to several new areas in
recent years, but it is not clear why this should have
happened. Outbreaks are practically impossible to
trace and there are various pathways, some of which
are difficult to monitor and control. In some managed
fishery areas the prevalence of the disease is declin-
ing. This may be due to rising seawater temperatures
and/or an element of resistance in the stocks. Preva-
lence of the disease in cultivated stocks is variable,
similar to that when the disease was first introduced
and with no discernible pattern or obvious relation-
ship with any particular biotic or abiotic factors.
There is a lack of information on specific farm man-
agement practices that will confound the prevalence
data. In the UK, prevalence in cultivated stocks is
highest in October.
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