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Haplosporidium nelsoni (“MSX”) 
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Evolutionary Ecology of Oyster Disease 



Perkinsus marinus 

v  Endemic pathogen, ranges from southern New England to Mexico 

v  Directly transmissible among oysters in a population 

v  Activity associated with warm summer temperatures, salinities above 
12-15 ppt 







Dermo Disease Then And Now 

v  Initially, an agent of chronic 
disease 
Ø  Parasitism peaking oysters age 

3 and older 
Ø  Intensities generally low 
Ø  Causing ≤ 30% mortality in 

most years 
Ø  Generally manageable by 

industry 

v  Since mid-1980s, an acute 
pathogen 
Ø  Acute disease and mortality 

within just months of exposure 
Ø  Intensities very high 
Ø  Mortality > 70% 
Ø  Unmanageable by industry 

(until recently through selective 
breeding) 

 



Dermo Disease in “Spring Imports” Sentinels 
After 4-5 months of exposure in York River 
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High levels of disease developing much more rapidly than in the past 



Warming Climate and Dermo Disease 



Intensification of Dermo Disease, 1980s-Present 

v  Perkinsus marinus largely disappeared with the arrival of H. nelsoni, 
its range restricted to upper parts of the rivers (Andrews 1966) 

v  Reemerged in 1986, during, and presumably because of, a multi-
year drought (Burreson & Andrews 1988) 

v  Very high parasite and disease levels today thought to be a function 
primarily of abundance, which increased greatly with 1980s 
droughts (Burreson and Ragone Calvo 1996) 

Ø  More P. marinus è higher rates of transmission è more P. marinus . . . 

v  Loss of deep winter cold temperatures had contributed to this by 
allowing P. marinus to overwinter at relatively high levels (Burreson and 
Ragone Calvo 1996) 



Environmental Drivers of Intensification 
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Drought conditions increased abundance, mild winters favored higher overwintering 
Increased transmission efficiencies èmore P. marinus èincreased transmission. . . 









Nature of the Phenotype Change: Shortened Life Cycle 



Shift Toward Epithelial Tropism 



When Did The Change In Perkinsus marinus Occur? 

Pre-1986 

173,331 



Disease Intensification and the Phenotype Shift 



Did a Similar Phenotype Shift Occur in Other Locations? 
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Emergence, Dispersal of Hypervirulent Perkinsus marinus 



Some Questions… 



Is There a Genetic or Epigenetic Basis for the Change? 



Timing of Changes in Division, Cell Size, Tropism? 



Significance of Epithelial Tropism as an Adaptation? 



How Did Perkinsus marinus Change So Rapidly? 

A “winter paradox” of P. marinus parasitism? 



What Drove the Phenotype Change? 





Oyster Population, Industry in Virginia, 1950s 

v  Robust harvests from natural reefs 
Ø  1959-60: 700,000 bushels (Haven et al. 1978) 

Ø  Recent annual: < 100,000 bushels (VMRC data) 

v  Large numbers of oysters transplanted from James River, planted 
over vast areas of lower Bay bottom  
Ø  1959-60: 2,533,275 bushels harvested from private leases (Haven et al. 1978) 

v  Oyster abundance in waters > 12-15 ppt much higher than today 
(Haven et al. 1978) 



With the Arrival of Haplosporidium nelsoni 

v  Emerged in Chesapeake Bay in 
1959 (Andrews 1962) 

 
v  Caused > 90% mortality in 

lower Bay reefs/grounds (Haskin & 
Andrews 1988) 

v  Planting industry abandoned in 
these waters (Andrews & Frierman 
1974) 

Post-MSX, oyster abundance (distribution, densities) far lower in 
upper mesohaline-polyhaline waters 

Oyster longevity was also reduced as MSX killed quickly 



v  Both disadvantageous for a parasite that required a host that was 
1) at high density for optimal transmission, and 2) long-lived 

v  Question: Did the H. nelsoni invasion select for a P. marinus that 
could generate high infection intensities very quickly so as to 
transmit successfully in a more host-sparse system? 

 





“Unless these diseases can be substantially controlled -- and no 
evidence suggests they can -- the outlook for C. virginica is bleak. . .” 

C. Ronald Franks, MD Department of Natural Resources, c. 2005 
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