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Mortality Rate, Environmental Factors, and Seasonality
Oyster velar virus disease can cause nearly 100% mortality in affected hatchery

tanks. It is not known which environmental factors affect the disease or the susceptibility of
the oysters. The disease typically appears from March to May, but it has also been reported
throughout the summer,

Diagnosis
OVVD can be suspected when mortalities occur in the spring, always in larvae

greater than 150 pm in shell length and at least 10 days after spawning, when grown in the
25'C-30'C temperature range, Virus-infected ce11s on the velum of sick larvae detach and
form the characteristic "blisters," The larval velums also lose their cilia, The blisters and
loss of cilia can be observed easily with the aid of a microscope  see Figures 4 and 5!.

It should be noted that, loss of cilia can result from other causes such as storing
larvae at too high or too low a temperature during shipment to a remote setting site. A
she]lfish pathologist can confirm the diagnosis by examining the larval tissues for typical
lesions caused by the virus.

Figure 4. Normal Pacific oyster larva about 10 days of age, with a shell dimension of about G.2 mm,
showing the normal extended velum with cilia,  From Elston and Wilkinson 1985!
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Figure 6. Pacific oyster larva with oyster velar virus disease  OVVD!. It has lost cilia from the velum
and has farmed "blisters," which are cells of the oyster infected with the virus, Larvae in this condi-
tion would be found on the tank bottom, but larvae in an earlier stage af the disease can be found
swimming in the water column,  From Elstan and Wilkinson 1985!
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Prevention and, Management
Disease-free Areas

Although it is likely that OVVD is more widely distributed on the Pacific Rim than
is known today, larvae infected with the virus should not be introduced into areas not
known to have the disease.
Areas Kaown to Have the Disease

Eradication is not currently possible. If the source of the virus that infects larvae in
the spring spawning season is determined to be the adult oysters, it may eventually be
possible to identify virus-free broad stock and ehminate the disease.

EA'ective management can be practiced if hatchery personnel recognize the infec-
tious nature of the disease. If larval tanks are suspected of being contaminated, steps
shouM be taken to avoid contaminating other tanks in the hatchery. These steps include
the sterilization of screens and other equipment by rinsing them for 15 minutes in a solution
of 10 parts per million sodium hypochlorite or other disinfectant between uses on diferent
tanks, and careful personnel procedures to prevent cross contamination. If the disease is
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confirmed, affected tanks should be sterilized immediately, larvae discarded, and rigorous
procedures instituted to prevent tank-to-tank spread.

The steps used in the hatchery to control the spread of OVVD and other diseases are
summarized elsewhere in the guide.
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Denman Island disease of the

Pacific Oyster  Crassostrea gi gas!

Denman Island disease is a little understood but important malady of the Pacific
oyster. It is apparently caused by a parasite that lives within the glycogen storage cells of
the oyster and is now known as Mikrocytos macki ni. Little is known about the biology of
this parasite, but affected oysters may die at a high rate and surviving oysters do not ripen
for spawning.

Denman Island disease is sometimes called "microcell" disease. This term has also

been used to refer to bonamiasis  caused by Bonamia ostreae! of the European flat oyster.
Denman Island disease and bonamiasis are two different diseases of two different oysters.
Since the diseases and their causative microorganisms appear to be unrelated, the term
"microcell" should be abandoned in both cases to avoid further confusion between these two

diseases.

Geographic Range and Species infected
The disease was first reported in Pacific oysters, Crassostrea gigas, from Henry Bay

on Denman Island in British Columbia, Canada, in 1960, Since then it has been noted at
other sites around Denman Island and at other locales in the Strait of Georgia in British
Coluinbia, It is only known to infect the Pacific oyster.

Mortality Rates, Environmental Factors, and Seasonality
Mortality rates up to 53% in a single season have been reported, but the severity

fluctuates from year to year. Infection and loss to the disease increased at lower tide levels
when oyster mortality was monitored at the 4.0, 2.5, and 1.0 ft levels. In the original report
of the disease, only oysters from five to seven years old were affected; two-year-old oysters
appeared to be healthy.

Signs of the disease can appear in April and develop through July. Mortality losses
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occur by July and the disease is considered to have run its course by August. Some of the
infected oysters recover.

Diagnosis
The disease is characterized by the appearance of round yellow-to-green lesions or

pustules �-3 mm in diameter! on the body surface. Since similar lesions occur in several
other oyster diseases, definitive diagnosis should be made by a pathologist's microscopic
examination.

Prevention and Management
Disease-free Areas

Since the disease is infectious and seems to be confined in its geographic distribu-
tion, infected oysters should be moved only into areas where the disease is known to occur
already.

Areas Known to Have the Disease
Eradication of this disease is not feasible. The geographic distribution of Denman

Island disease, while not precisely known, is too large to make eradication feasible. The
only management advice that can be drawn from the little information available on the
disease would be to move oysters above the 2.5 ft tidal level during the period in which the
disease is active, since the disease occurs at a lower rate at the higher tide levels. Presuma-
bly, the efFects of the disease could be reduced by avoiding planting at tide levels below
about 2 ft before June.
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Nocardiosis of the Pacific Oyster

Nocardiosis is a bacterial disease of the Pacific oyster, Crassostrea gigas. This
name is new, a result of the recent isolation of the bacterium belonging to the group Nocar-
dia  see reference by Friedman!. The disease has previously been known as "fatal inflam-
matory bacteraemia," "focal necrosis," and "multiple abscesses,"

It is likely that nocardiosis is an important component of the phenomenon known in
the Pacific Northwest as "summer mortality." The disease causes typical small, round
yellow lesions on the body surfaces of the oysters, often observed on gaping individuals. The
lesions are abcesses caused by the bacteria, which are distributed throughout the oyster's
body in its blood system,

Geographic Range and Species Infected
A disease described as "multiple abscesses" from Matsushima Bay, Japan, appears

to be the same as nocardiosis, On the west coast of North America, the disease has been
reported from sites in California, including Tomales Bay; in Washington from Wi]lapa Bay
and south Puget Sound embayments; and at several sites in British Columbia including
Nanoose Bay, Scott Island, and Ships Point. It is likely that the disease is more geographi-
cally widespread than these observations indicate.

The Pacific oyster, Cra.~~ostrea gigas, is the principal oyster affected by the disease,
although a few specimens of the European flat oyster, Ostrea edulis, cultivated near areas of
infected Pacific oysters have been reported to have a similar disease.

Mortality Rate, Environmental Factors, and Seasonality
The mortality rate due to nocardiosis has not been accurately measured. However,

the severity of the disease in individual oysters and the high prevalence in some populations
suggest that it is a significant mortality iactor. In one study it was reported to occur in
about 30% of oysters sampled from sites in south Puget Sound, Washington, during Septern-
ber and October. The widespread geographic occurrence of the disease suggests that it can
occur wherever the Pacific oyster is cultured and that the causative bacterium is ubiquitous
and acquired from the environment.

In Puget Sound, shallow bays that are subject to warm surnrner temperatures
appear to have the most frequent and severe occurrence of the disease. In British Columbia,
the disease has been found in other areas beside warm shallow embayrnents and on flirrn,
rocky and sand bottoms. The disease is found in Puget Sound in oysters from mud-bottom
bays but has also been reported on gravel bottoms. The disease is a summer and fall phe-
nornenon, typically observed from August through November. The disease may be present
in some populations at other times of the year but at a lesser intensity.

Diagnosis
Round yellow-to-green lesions often about 2 mm but up to 1 cm in diameter on the

surface of the mantle or gill  as shown in Figure 6!, and often in the area of the adductor
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Figure 6. Adult, Pacific oyster with nocardiosis. This disease is caused by a bacterium whose pres-
ence produces yellow spots on the body surface  arrows! shown in the photograph. Other diseases can
cause similar discolorations and raised spots on the body surface.  From Elston et al. 1987!

musde and heart, are indicative of nocardiosis. Because other diseases, such as Denman
Island disease, produce similar lesions, oysters should be submitted to a pathologist for
microscopic examination of the tissues for a definitive diagnosis,

Prevention and Management
Disease-free AreasThe true geographic distribution of nocardiosis is not known. However, it appears to
be widespread and the causative oz'ganism may be acquired from the environment. Given
the historical movements of the Pacific oyster around the Pacific Rim, no areas shouM be
assumed to be disease-free. While it is not good husbandry to transplant obviously infected
oysters, the condition cannot be considered an exotic disease to the west coast of North
America, and its transfer within this area does not appear to present any unusual risk.
Areas Known to Have the DiseaseFor the reasons noted above, eradication of nocardiosis is not feasible, Management
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techniques have not been tested, but it is possible that culturing oysters in off-bottom
systems will reduce the prevalence and severity of the disease. Where possible, moving
oyster stocks out of warm shallow embayments by harvest or transfer to other growout
areas could reduce the impact of this disease.
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Bonamiasis of the European Flat Oyster
 Ostrea edulis!

The disease known as bonamiasis is caused by a parasite  Bonamia ostreae! that
infects the blood cells of the oyster. The parasite eventually infects all of the oyster's blood
cells, destroying its "immune" system and interfering with other physiological processes.
Serious mortalities  up to almost 100% per year! can occur in newly infected populations. It
is transmitted by water contact, but close proximity to infected oysters is believed to be
necessary.

It is now known that bonamiasis occurred in flat oysters in California in the 1960s,
but it was then known as "microcell disease." The disease spread from a California hatch-
ery to Brittany, France, where it initiated the well-known epizootic. The disease is best
known for its substantial impact on the European industry, particularly in France  see
Figure 7!, where it was first identified in 1979. Bonamiasis was transplanted to Washing-
ton from the California hatchery in the late 1970s and remains an important disease in the
Pacific Northwest.
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Figure 7. Production of the European flat oyster in France from 1970 onward. It is believed that the
f~rst drop in production, up to about 1977, was due to marteiliasis and that the drop in production
from about 1978 onward resulted, at least in part, from the occurrence of bonamiasis.  Graph courtesy
of D. J. Alderman!
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Geographic Range and Species Infected
In Europe, bonamiasis is found on the Atlantic coast of France and Spain, in the

Netherlands, England, and Ireland. It has recently been discovered in the Mediterranean,
but it does not appear to cause serious oyster mortalities there. In North America, the
disease is known to occur in California and Washington, Ostrea edulis is the primary
commercial species affected, but research has shown that the Chilean oyster  Ostrea
chi lensis! and the New Zealand dredge oyster  Tiostrea tutaria! can also be infected with
Bonamia ostreae, Experiments suggest that the Olympia oyster  Ostrea lurida! may con-
tract the disease, but this has not been positively demonstrated. A similar but distinctive
parasite occurs only in New Zealand in the dredge oyster.

Mortality Rate, Environmental Factors, and Seasonality
High mortality rates approaching 100% within one year are reported in newly in-

fected populations in Europe. Mortality rates tend to decline the longer a population has
been infected and are typically reported in the 20%-60% range after the disease has been in
a population for two or more years. In populations with a long history of the disease,
mortality tends to be highest in younger oysters, with the annual mortality rate declining as
the oysters get older. For example, studies in Washington showed 20%, 7%, and 4% mortal-
ity rates, respectively, for two-, three-, and four-year-old infected oysters.

The disease can appear throughout the year, but it is generally associated with
warming spring and summer temperatures. Bonamiasis can cause significant mortalities
between 12'C and 20'C but not at higher temperatures.

Diagnosis
No specific signs of bonamiasis can be detected with the naked eye. Some oysters

may show a weakened shell closure and gape when the disease is in an early stage, but in
other cases these signs do not occur until the disease is advanced. Confirmatory diagnosis
requires professional assistance and the use of microscopic and antibody techniques. Micro-
scopic examination will reveal the distinctive parasite within the blood cells of the oyster
 Figure 8!, A field diagnostic kit produced in France is now available to shellfish farmers.

Prevention and Management
Disease-free Areas

In areas where the disease does not occur, the best strategy is to ensure that infected
oysters are not introduced. A thorough historical and pathological examination by a profes-
sional should be performed on any lot of flat oysters before they are introduced to such an
area. If infected animals are introduced into a population with no prior exposure to the
disease, high mortalities can be expected for at least five years.
Areas Known to Have the Disease

Experiments in the Netherlands indicate that it may be possible to eradicate
bonamiasis by completely removing flat oysters for a minimum of three years. Eradication is
a reasonable alternative only if the oyster grounds can be used for culture of another non-
susceptible species such as Crassostrea gigas. Before flat oysters are reintroduced into the


