














imilar period (I U.S. bushel= about 35.2 I). II is stiU present and 
a threat in formerly infe ted regions of appropriate salinity. 

Epidemiological studies indicate MSX disease 10 be salinity­
dependeot, occurring in areas ranging from 15 to 35 ppL Figure 3 
depicts the areas of infestation of lower Chesapeake Bay and the 
coastal lagoons of Virginia's Eastern Shore. In this figure the 
oy ter-growing area are cla sified according to level of MSX 
infestation occurring in year of average rainfall and salinity. 
These zones are used in management by accommodation or 
avoidance techniques. During drought years, higher salinity water 
moves upstream i.n the Bay and its tributaries and invades areas 
where the water was previously fresh . Since MSX is salinity­
dependent, it is able to invade formerly uninfested zones or inten­
sify where it already is, depending upon the level of saltine s of 
the water. It i mo t lethal at 20 to 25 ppt. This alinity 
dependence was again demonstrated forcefully in l 982 when 
MSX infection and associated mortalities appeared in the nor­
mally disease-free and lower salinity waters of upper Chesapeake 
Bay due to the drought of 1980 and 1981 . 

Like P. marinus above, it is also temperature-dependent, but not 
as closely so (most deaths occur in summer but some occur in late 
winter a infected individuals succumb to the combined stresses of 
over-wintering plus disease and associated poor physiological 
condition). First year oysters normally are not killed but older 
one are. 

MSX, or Delaware Bay disease, cannot be treated in the 
laboratory or in.nature but can be avoided by not planting suscep­
tible seed or market oyster in areas of known high infestation and 
by timing the planting and harvesting of oysters to avoid period 
of highest mortality in areas of moderate infestation. As with 
Dermo-disease, chemical control is not now possible and may 
never be feasible . Disease resistance apparently develops in 
populations endemic in areas infested with the pat.bogen, but 
introduction of new susceptible host usually results in numerous 
deaths. Some investigator and institutions claim to have devel­
oped disease-resistant strains by controlled breeding techniques. 
Their aim in these research efforts has been to develop resistant 
oysters to be used a "brood-stock" to replenish population in 
MSX-decimated areas. 

The pathogen has not been isolated and the requirements of 
Koch's po tulates have, lherefore, not been met. The life cycle is 
not fully elucidated and it is not known whether intermediate 
hosts or reservoir hosts other lhan oysters are involved. As the 
cientific name implies, encapsulated pores are formed . Some 

investigator contend that no intermediate or reservoir ho ts are 
required. Other argue that they are. It is known that organisms 
very much like H. nelsoni occur in other bivalves and in ome 
hipworm and other crustacean . 

A similar and related disease occurs in oysters (C. virginica) in 
the coastal regions and tributarie of the Eastern Shore of 
Maryland and Virginia and extends northward into the waters of 
Long Island (Pigs. 1, 2, 3). SSO disease, called thus for "seaside 
organism," is cau ed by Haplosporidium costale (Appendices I and 
II), a relative of the MSX organism, H. nelsoni. 

Research to answer the unanswered questions mentioned above 
continues on both "Dermo" and "MSX" diseases of Crassostrea 
virginica . Solution of some of the critical remaining questions, 
especially tho e relating to isolation and culturing of the 
pathogens, explanation of the life cycle, and development of 
methods of mitigation, prevention, or cure, is of importance in 
efforts to restore oy ter production in both Delaware and Chesa­
peake Bay . 
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During the course of the research on the parasite and path­
ogens of Crassostrea and Osrrea , species of which have been 
imported from the Far East and Europe and moved around be­
tween the coastal waters of North America, science has le med 
that diseases endemic to Crassostrea virginica or to a ingle 
geographical location have been transferred to other areas a in­
dustry ha moved the hosts around. Additionally, parasites and 
di seases have been brought to North America with imports of C. 

gigas from the Far East and 0 . edulus from Europe. They have 
been spread around North America. Many in the United States op­
pose direct importation or transfer of host from one area to 
another. As indicated above, some state have taken measures to 
restrict importation and intra tate tran fer. 

In summary, tudie on both of the e di eases typify the thrust 
and tatus of marine invertebrate pathobiological research in the 
United State , which is largely devoted to examining: I) The roles 
of parasites and pathogen in natural, cultivated, and captive 
populations of economic importance; 2) the interactions between 
parasites and pathogens and pollution; 3) human health aspects of 
invertebrate disea e ; 4) the impacts on marketability of fishery 
product ; and 5) mitigation, prevention, or treatment of diseases 
in experimental or economic-level culture activities. Lessons 
learned demonstrate forcefully lhat transfer of hosts and their 
parasites to new regions, or exposure of susceplible hosts to 
parasites of relatives in new regions, can be dangerous and that 
importation and exportation of oysters and other shellfish must be 
done with great care. They al o emphasize the importance of an 
adequate knowledge of the host and it parasite and pathogen 
and the ability to assure good quality water in proper management 
of the fisheries and of aquaculture and in the maintenance of 
natural populations. 
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APPENDIX I 

A PARTIAL LIST OF IDENTIFIED DISEASES 
OF BIVALVE MOLLUSKS IN 

NORTH AMERICAN MARINE WATERS1 

A. Viral 
1. Herpes-type virus diseases 

a. Digestive gland virus disease---Crassostrea v,rgm,ca, 
mortalities reported, Piscataqua River, Maine 

b. Genital tissue or ovacyslis disease-C. virginica 
(Papova virus?) 

c. Digestive gland virus disease-C. virginica (C-type 
oncorona virus) 

d. Neoplasmic d.isease-Mya arenaria (uncharacterired 
filterable agent) 

e. Lukemic disease-Mya arenaria (probable virus infec­
tion) 

8. Chlamydia 
Chlamydia) disease-Mercenaria mercenaria, the hard 
clam (digestive diverticulum- Chesapeake Bay) 

C. Bacteria 
I. BacilJary necrosis-C. v,rgm1ca larvae (Vibrio anguil­

larum, V. alginolyticus, Vibrio spp., also possibly aero­
monads and pseudomonads, U.S. east coast) 

2. Bacillary necrosis-Mercenaria mercenaria larvae (same 
etiological agents as above, U.S. east coast) 

3. Focal necrosis---C. gigas (unidentified gram-positive 
bacterium- Willapa Bay, Wash.) 

D. Fungi 
1. Dermo-disease---C. virginica (Perkinsus marinus-severe 

mortalities in waters of gulf coast and east coast, United 

'Adapted from various sources, including Siodennann (1977) and Farley (1981). 
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States). Also found in Ostrea equestris, 0. /rans, Mercen­
aria mercenaria, Mya arenaria, Argopecten irradians, 
Brachiodontus recurvis, Martesia spp., and others. 

2. Larval mycosis of oysters---C. virgin/ca (Sirolpidium 
wophtlwrum- U .S. east coast) 

3. Larval mycosis of clams-Mercenaria mercenaria (Sirol­
pidium woprhorum-U.S. east coast) 

E. Protozoan 
I. MSX disease or Delaware Bay disease-C. virginica 

(Haplosporidium nelsoni-U.S. east coast) 
2. Seaside disease---C. virgin/ca (Haplosporidium costalis­

high salinity coastal waters extending from Chesapeake 
Bay mouth to Long Island Sound) 

3. Hexamitiasis-C. virginica (Hexamita injlata (a flagellate) 
-Prince Edward lsland, Canada] 

4. Nematopsiasis-C. virginica (Nematopsis ostrearum (a 
gregarine)-Chesapeake Bay to Louisiana) 

F. Metazoans 
1. Mytilico/a or red wonn disease---C. gigas and Ostrea 

lurida-the Olympic oyster [Mytilicola orientalis (para­
sitic copepod)-U.S. west coast). Also reponed from 
mussels. 

2. Trematodiasis---C. v,rgm,ca [Bucephalus haimeanus 
(Digenea)-brackish waters U.S. east coast and else­
where] 

G. Diseases of unknown etiology 
I. Malpeque Bay disease-C. v1rgm1ca (causative agent 

unknown-Gulf of St. Lawrence, Canada) 
2. Denman Island disease---C. gigas (agent unknown­

British Columbia, Canada) 



APPENDIX D 

CURRENT TAXONOMIC ARRANGEMENTS OF THE PROTISTAN OYSTER PARASITES DISCUSSED' 

Subkingdom Protozoa 

Phylum Apicomplexa Levine, 1970 
Class Perkinsea Levine, 1978 

Order Perkin ida Levine, 197 8 
Genus Perkinsus (= Dennocystidium, partim) 

Perkinsus marinus (Mackin, Owen, and Collier, 1950) 
(= Demrocystidium marinum Mackin, Owen, and Collier, 1950) 

Phylym A ceto pora Sprague, 1978 
Class Stellatosporea Sprague, 1978 

Order Balanosporida Sprague, J 978 
Genus Haplosporidium (= Mi11chi11ia, partim) 

Haplosporidium 11e/so11i (Haskin, Stauber, and Mackin , 1966) 
(= Minchinia 11e/so11i Haskin, Stauber, and Mackin, 1966) 

Haplosporidium costalis (Wood and Andrews, 1962) 
(= Minchinia costalis Wood and Andrew , 1962) 

Order also includes the Genera Urosporidium and Minchinia 

'Levine, N. D .. J. 0 . Corliss, F. E. G. Cox. G. Deroux, J . Grain, B. M. Hon igbcrg, G. F. Leedalc, A. R. Locblich 111 , J. Lorn , D. Lynn , E. G. Mcrinfeld . F. G. Page, G. Poljansky, V. 
Sprague, J. Vavra, and F. G. Wallace. 1980. A newly revised classification of the Protozoa. J. Pro1ozool. 27:35-58. 
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