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EXECUTIVE SUMMARY

Human activitiesand natural phenomenahavesig-
nificantly affected the distribution and abundance of
oystersin U.S. waters. In many areas, oyster produc-
tion has declined drastically due to many interrelated
causes including, over-harvesting, natural diseases,
physical disturbance, nutrient enrichment through run-
off, alteration of natural flow regimes and salinity
patterns and removal of appropriate habitats for new
recruits, to name just a few. Over 95% of South
Carolina’'s oysters grow intertidally, making their
‘habit’ very different from subtidal oysters moretypi-
cal of the Chesapeake and Delaware Bays. Since 1972,
SCDNR’s Marine Resources Research Institute
(MRRI) has been documenting the occurrence of the
oyster parasite Perkinsus marinus (commonly called
“Dermo”) in South Carolina oysters. More recently,
our work with another oyster parasite Haplosporidium
nelsoni (commonly called “MSX”) hasincreased our
concerns, regarding current and future fishery declines.
Here we: (1) review the history of these two oyster
parasites and resulting diseases; (2) briefly review past
and present sampling/monitoring programs in other
states; (3) summarize the state of our knowledge (1972
to present) of these two important and widespread
shellfish parasitesin South Caroling; (4) discuss man-
agement implications; and finally (5) recommend fu-
ture disease research/ monitoring directions.

Between 1972 and 1996, over 21,000 oystersfrom
over 60 sites around South Carolina were examined
for Perkinsus marinus. P. marinus (Dermo) was
present in all South Carolina oyster populations ex-
amined. When all data were combined, severa pat-
terns emerged. First, seasonal patterns of infection
follow those observed in Gulf Coast populations,
rather than those from the northeast. Prevalence and
intensity levelswere greatest during late summer and
fall and, unlike populationsin the northeast, the para-
sitewas present in oyster samplesthroughout the year.
Perkinsus marinusisknown to respond to fluctuations
in both water temperature and salinity, with elevated
levelsoften significantly enhancing P. marinus preva
lenceandinfection intensities. In South Carolina, most
oyster populations inhabit estuaries with year round
salinitiestypically between 20-35 ppt. Thisintertidal
existence exposesthem to amicroenvironment whose

winter and summer daily temperature fluctuations of -
ten exceed 20°C or more, with extended summer ex-
posures approaching 54°C or 129°F. However, P.
marinus does not appear to produce the high mortali-
tiesreported in the northeast, although during extended
periods of reduced rainfall and/or above average tem-
peratures (e.g., low tide at midday), the additional
stress of Perkinsus marinus may initiate some local-
ized oyster die-offs (for example in 1986, V. Burrell
pers. oberservation).

Second, there was an obvious rarity of samples(a
sample consisting of 25 or more oysters) with infec-
tion intensities (or weighted incidences) averaging 3.0
or greater and an absence of systemically high infec-
tions exceeding 4.0 (Quick and Mackin scale, O - 6).
Over the 24 year period covered by this report, only
5% (or 42/831) of al composite oyster samples ex-
ceeded weighted incidence levels of 3.0. These re-
sults differ significantly from those observed in the
northeast, where Perkinsus marinus intensities often
exceed 4.0 and may even reach 5.0 or greater.

A third and potentially significant pattern also
emerged. When these data are examined by decade
and month across all sites, of the 345 samples col-
lected from 1972 to 1979, none exceeded a Perkinsus
marinus weighted incidence threshold of 3.0. How-
ever, from 1980 to 1989, when 230 sampleswere col-
lected, 30 (or 13%) of these samples exceeded an in-
tensity of 3.0, with peak intensities occurring from
June to October. Finaly, from 1990 to 1996, 256
sampleswere collected, of which 12 (or 4.7%) of these
exceeded 3.0, with peak intensities occurring from
July-November. From these trends, it appears that
elevated (> 3.0) Perkinsus marinus infections greatly
increased during the 1980s and remained elevated in
the 1990s.

This pattern was al so evident when one examined
the temporal occurrence of the 42 composite oyster
samples observed with mean intensities greater than
3.0, regardless of the samples size from that period
(i.e. 345, 230 and 256). From 1972 to 1979, ho mean
intensities above 3.0 were observed. Then from 1980
to 1989, 71% (30 of the above 42) of al intensities
greater than 3.0 occurred. Finally, from 1990 to 1996,
29% (12 of the 42) of all elevated intensities were
observed. Care must be exercised, however, in draw-
ing any definitive interpretations, as sample sizes,
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spatial scales, associated site attributes (salinities,
devel opment, etc.) and inclusive sampling periods (7-
10 years) have varied considerably. We simply have
had no monitoring sitesto comparethat were sampled,
even sporadically, over these three decades.

In South Carolina, we are just beginning to gain
an understanding of Haplosporidium nelsoni (MSX).
Since 1994, 1,924 individual oysters were examined
from 21 sites. Of these, approximately 8% (or 150
individuals) of the oysters examined were infected
with H. nelsoni, with the parasite present in oysters
from 52% (or 11 of 21) of the sampling stations in-
cluded here. Disease intensity, among individually
infected animals varied from light to heavy. Of the
150 individuals with MSX infections, 9% of theindi-
vidualswereinfected from the Grice-Charleston Har-
bor station, 3% were infected from the 1994 South
Carolina Summer Oyster Study sites and 8% (Inlet
Creek) and nearly 16% (Toler's Cove Marina) from
the Oyster Reef Ecosystem Project sites. To date, no
observed mortalities have been documented in South
Carolinadueto MSX. Comparing other statesin the
southeast, in North Carolina, 31% of the sites exam-
ined detected MSX. In Georgia, MSX was not noted
in oyster samples from 1966 and 1968, but was first
observed in January 1986. H. nelsoni appears to be
sensitiveto low salinities, with the parasite di sappear-
ing in oysters after only about 10 days at salinities of
10 ppt or less. In South Carolina, most sites exam-
ined rarely, if ever, experience salinities thislow. In
fact, nearly all South Atlantic estuaries experience sig-
nificantly fluctuating, but generally high salinities at
many temporal scales.

The Shellfish Research Section is currently con-
ducting a one year monitoring study across the state
and has an ongoing long-term research program to
understand seasonal patterns and effectsof P. marinus
and H. nelsoni on oyster populations, including po-
tential implications for managing this critical fishery.

GLOSSARY

(After Fuxa and Tanada 1987, Ewart and Ford 1993,
Woo 1995)

Enzootic: adiseasethat isusually low in prevalence

and constantly present in an animal population
(equivaent to endemic in humans).

Epidemiology/Epizootiology: the study of diseases
in animal populations.

Epizootic: adiseasethat israpidly spreading through-
out an animal population (equivalent to epidemic in
humans).

Infection: the presence of an infectious or foreign
organism in tissues of a host.

Parasite: an organism living on or in another host
organism to its advantage and the disadvantage of the
host.

Patent: levels of infection that are spreading.
Pathogen: any disease causing organism.

Prevalence: the percentage of a population with a
particular characteristic (e.g. disease) at a particular
time.

Protozoan: asingle celled organism often free liv-
ing, but sometimes parasitic, such as Perkinsus
marinus and Haplosporidium nelsoni that cause the
diseases Dermo and MSX.

Resistance: therelativeability of an organismtoavoid
infection or to withstand its effects.

RFTM: Ray’'smodified fluid thioglycollate medium.
This special medium is used to detect P. marinus,
which causes the parasite to enlarge and stain blue-
black with Lugol’siodine.

Subpatent: levels of infection that are undetectable.

Systemic: throughout the body, typically involving
multiple tissues.

Vector: any agent (living or inanimate) that acts as
anintermediate carrier or alternative host for apatho-
genic organism and transmits it to a susceptible host.

Virulence: the capacity of aparasite to cause disease
in an animal; the damage may be modified by the de-
fense mechanism of the host.
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INTRODUCTION

Throughout its extensive geographic range, the
American oyster, Crassostrea virginica (Gmelin) is
unique in its ecological role in that it forms living
subtidal and intertidal habitats in the estuary. These
habitats in turn support a host of other associated or-
ganisms generally not found in the surrounding sand
or mud (Dame 1972, 1979, Bahr and Lanier 1981,
Klemanowicz 1985, Stanley and Sellers 1986,
Zimmerman et al. 1989, Luckenbach et al. 1995).
Oysters also can have important direct and indirect
effects, through their tremendous processing capacity
as filter feeders, removing sediments and affecting
hydrodynamic flow (e.g., Haven et a. 1978, Dame et
al. 1984, 1993, Heck 1987, Newell 1988, Dame and
Libbes1993). Recent studiesin Chesapeake Bay fur-
ther support the notion that oyster-dominated ecosys-
tems are critical in sustaining overall ecosystem pro-
duction and natural functioning (Heck 1987, Newell
1988, Ulanowicz and Tuttle 1992, Gerritsen et al.
1994, Rothschild et al. 1994).

In the southeastern United States (portions of
North Carolina, South Carolina, Georgia, and Florida),
oyster reefs are a conspicuous feature of theintertidal
zoneinmost estuaries (SCDNR estimatesitsareal ex-
tent to exceed 3,500 acres). Much remainsto be stud-
ied about how these extensive intertidal oyster habi-
tats (Dame 1979, Bahr and Lanier 1981, Coen et al.
1997) contribute to the broader functioning of thein-
shore ecosystemsin which they occur (cf. Zimmerman
et a. 1989 for the Gulf of Mexico). In South Caro-
lina, over 95% of the oysters grow intertidally (Lunz
1950, Maggioni and Burrell 1982, W. Anderson, pers.
comm.). They are often adjacent to emergent vegeta-
tion, with tides greater than 1-2 m (see Monbet 1992),
making them very different from extensively studied
subtidal oyster reefs, for examplein Chesapeake Bay.

Human activities, in concert with natural phenom-
ena, have greatly affected the distribution and abun-
dance of oystersin the United States. In many areas,
oyster production has declined significantly in recent
years due to many interrelated causes including: (1)
diseases; (2) physical disturbance; (3) over-harvest-
ing; (4) nutrient enrichment through run-off; (5) natu-
ral predators; (6) ateration of natural flow regimes

and salinity patterns; (7) removal of appropriate habi-
tatsfor new recruits; (8) oyster cannery closings(e.g.,
Havenet al. 1978, Officer et al. 1978, 1982, Maggioni
and Burrell 1982, Stanley and Sellers 1986, Newell
1988, Anonymous 1989a, Rothschild et al. 1994, W.
D. Anderson SCDNR pers. comm.); and (9) foreign
competition (Maggioni and Burrell, 1982). Today,
there is essentially no oyster production in Delaware
Bay and production from Maryland has drastically de-
creased. Virginia, once the leading producer of oys-
tersinthe United States, now harvestslessthan 10,000
bu (public bed, 1995), compared with more than 3
million bu in 1960. In fact from 1992 to 1993, more
oysterswere harvested in South Carolinathanin North
Carolina, Georgiaand Virginiacombined, with nearly
100,000 bu reported (Figure 1). Similar major de-
clines have also been observed in the southeast, with
North Carolina recently reporting 100 year lows
(Frankenberg et al. 1995). A Blue Ribbon panel there
recently concluded (Frankenberg et al. 1995) that over
95% of the state’'s natural oyster populations were no
longer available to harvesting, due either to reduced
water or habitat quality, diseases (Dermo and M SX)
and over-harvesting.

Oyster Landings of Four South Atlantic States
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Figure1l. Comparison of oyster harvests for selected eastern
states.

The oyster pathogen Perkinsus marinus (Mackin,
Owen, and Collier), commonly called “Dermo”, is
widely distributed in oyster populationsfrom the Gulf
of Mexico to Maine (Mackin 1962, Andrews 1979,
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1988, Burreson et al. 1994, Ford 1996).
Haplosporidiumnelsoni (Haskin, Stauber & Mackin),
generaly called “MSX” has been reported from the
east coast of Floridato Maine (Andrews 1976, 1979,
Ford and Haskin 1982, Ewart and Ford 1993). Inthe
northeast and Gulf of Mexico, significant oyster mor-
talities have been attributed to these pathogens (e.g.,
Quick and Mackin 1971, Hofstetter 1977, Ray 1987,
Haskin and Andrews 1988, Sindermann 1990, Wilson
et al. 1990, Burreson 1991). P. marinus (Dermo) has
been shown to affect the physiological condition of
the oyster (Crosby and Roberts 1990, Gauthier et al.
1990, Paynter and Burreson 1991) and to significantly
reduce growth rates (Ray et al. 1953, Menzel and
Hopkins 1955, Andrews 1961, Burreson 1991, Paynter
and Burreson 1991). It has been suggested that P.
marinus virulence may be correlated with higher sa-
linities (Chu and Greene 1989, Chu and La Peyre
1991), variation in races (Bushek et a. 1996a,b) or
aternatively, that tolerance of oysters to P. marinus
may be greater at lower salinities (Fisher and Newell
1986). Ingeneral, disease susceptibility increaseswith
age, size and/or duration of exposure (Sindermann
1990). Interestingly, the presence of H. nelsoni had
not been noticed in the mid-Atlantic states before the
epizootic of 1957 (Haskin et al. 1966, Ford and Haskin
1982). There is some evidence, however, that the
pathogen was present before that, but did not cause
significant observed mortalities (Andrews 1968,
Sindermann 1990). Factors which would have led
from an enzootic to an epizootic situation are un-
known. Despite more than 30 years of research on
MSX and its causal agent H. nelsoni, the complete
life cycle, and therefore its mode of transmission are
unknown (Burreson 1988, Haskin and Andrews 1988).

Brief History of Perkinsus marinus (Dermo)

Perkinsus marinus (Dermo) was first described
in the Gulf of Mexico nearly fifty years ago (Mackin
et al. 1950) when mass mortalities of oysterswerefirst
observed. Perkinsus marinus has since been reported
from the east coast of the United Statesfrom Maineto
Florida and along the Gulf of Mexico, as far south as
Tabasco, Mexico (Burreson et al. 1994a, Ford 1996,
Soniat 1996). The oyster parasite wasinitially called
Dermocystidium marinum because it was thought to
be afungus. Since then, it has been moved severa
times to several other taxonomic groups (Sprague
1954, Mackin and Ray 1966). The discovery by elec-

tron microscopy that D. marinum produced
biflagellated zoospores (Perkins and Menzel 1966)
with organelles called “apical complexes’ (Perkins
1976) resulted in its being reclassified as the genus
Perkinsusin the class Perkinsea, within the protozoan
phylum Apicomplexa (Levine 1978). The disease,
however, is still commonly called “Dermo.”

The common diagnostic technique for the identi-
fication of a Perkinsus marinus infection is the
thioglycollate (RFTM) test developed by S. M. Ray
(1952, 19544a). This growth medium causes the para-
siteto enlarge and devel op wallsthat stain blue-black
when Lugol’siodine solution isadded. Many devel-
opmental stages in the life cycle of P. marinus have
been described (Mackin and Boswell 1956, Perkins
1976, 1988), although the details of its biology re-
main unclear (Andrews 1988). It is commonly be-
lieved that dead and disintegrating oystersrelease the
infective stages into the surrounding water column
where they infect other oysters and repeat the cycle
(Ewart and Ford 1993). Invasion is thought to take
place through the epithelium of the digestive system,
although infections have also been detected in both
gill and mantle tissues. In heavily infected oysters,
normal gonadal development may be inhibited, the
infected oystersmay become severely emaciated (Ray
et al. 1953, Ray 1954b), and growth is retarded
(Menzel and Hopkins 1955). Mortality occurs when
the parasite causes extensive tissue lysis (Mackin
1951).

The two most important environmental factors
regulating thelife cycle of P. marinusare temperature
and salinity (Hewatt and Andrews 1956, Mackin and
Boswell 1956, Quick and Mackin 1971). Inthe mid-
Atlantic region of the United States, this pathogen
causes awarm season disease sinceit proliferatesand
spreads most rapidly at temperatures above 25°C, with
a few cases of low intensity persisting through the
winter at water temperatures of 0-5°C (Andrews 1988).
Generaly, infections and associated mortalities rise
during the warm months and decline during colder
periods. The parasite, however, is capable of over-
wintering and has been cultured in RFTM even after
being frozen (Ewart and Ford 1993). Cold water tem-
peratures during winter months do not guarantee the
elimination of P. marinusfrom oysters (Chu and Green
1989). Andrews (1965, 1967) found that the parasite
readily proliferated only at temperatures above 25°C
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and over-wintered as subpatent (undetectable) infec-
tions. The parasite can also survive salinitieslessthan
5 ppt; however, salinities above 12 ppt are usually re-
quired for afull epizootic. In more southern waters,
the interplay of this disease with environmental fac-
tors is less clear (Craig et a. 1989, Gauthier et al.
1990, Powell et a. 1992).

Although a host of scavengers associated with
oyster beds feed on dead oysters, perhaps dispersing
P. marinus, most natural infections are believed to be
caused by P. marinus released from disintegrating
oyster tissue. Boonea impressa, an ectoparasitic gas-
tropod, may also act as avector in the transmission of
P. marinus between live oysters by feeding on oyster
hemolymph. Boonea can increase the infection in-
tensity of oysters already infected with P. marinus,
and alsoinitiate new infectionsin the oysters on which
it feeds (White et al. 1987).

Brief History of Haplosporidium nelsoni (M SX)

The disease “MSX” caused by Haplosporidium
nelsoni isfound from Maineto Florida' sAtlantic coast
(Ewart and Ford 1993). This protozoan parasite was
originally given the acronym “MSX” for Multinucle-
ated Sphere with unknown affinity (“X”). Haskin et
a. (1966) originally named the plasmodial stage of
the parasite as Minchinia nelsoni. Sprague (1970, as
cited in Sprague 1978) later suggested that the absence
of tails on the spores determined Hapl osporidiumfrom
Minchinia and therefore, it was renamed
Haplosporidium nelsoni. H. nelsoni was first recog-
nized asthe cause of oyster mortalitiesin lower Dela-
ware Bay in 1957 and in lower Chesapeake Bay be-
ginning in 1959 (Mackin 1960, Haskin 1961, Engle
and Rosenfield 1963, Andrews 1964). In each of these
affected areas, mortalities exceeded 95% for several
years. Of late, thereisevidencethat H. nelsoni may
have been introduced to the east coast via the impor-
tation of Crassostrea gigas (Burreson 1996).

Much of the biology of H. nelsoni remains un-
known. The earliest H. nelsoni infection is found in
the epitheliaof the oystersgillsand palps (Farley 1965,
1968). This has led to the conclusion that the infec-
tive stage is water-borne and can be easily spread
(Haskin and Andrews 1988). Neither the infective
stage nor the mode of transmission, however, has ever
been identified and the parasite is commonly present

in oysters as a multinucleated cell (=plasmodium),
probably entering the blood stream after lodging in
the gill. Mortality occurs after plasmodia become
abundant in all tissues, but the manner in which H.
nelsoni causes death is not completely understood.
Farley (1965, 1968) attributed the death of oysters
from H. nelsoni to the combined action of seasonal,
environmental or physiological stresses on oysters
weakened by thedisease. Ewart and Ford (1993) sug-
gested that overwhelming numbers of H. nelsoni cells
damage tissues and interfere with normal functions,
such as respiration and feeding, eventually causing
death. The means by which H. nelsoni diseaseistrans-
mitted is also not known. Experimental transmission
of H. nelsoni between oysters via spores has been
unsuccessful (Andrews 1982, Burreson 1988). Many
investigators (Ford and Haskin 1982, Andrews 1984a,
1984b, Burreson 1988) have speculated that an alter-
nate or intermediate host may be involved in the life
cycle. Proximity to other oysters might not be asig-
nificant factor in Delaware Bay (Haskin and Andrews
1982).

Studies of H. nelsoni infection and mortality pat-
terns in Chesapeake and Delaware Bays and in the
James River have suggested that infections are rare at
salinities below 10 ppt, intensifying above 15 - 20 ppt
(Andrews 1964, 1983, Haskin and Ford 1982, Ford
1985, Ford and Haskin 1988). Temperatureisalso a
factor influencing the activity and distribution of H.
nelsoni. Ford and Haskin (1982) noted that below
5°C, the parasiteisinactive, between 5 and 20 °C, the
parasite multiplies faster than the host can contain it
and above 20°C, resistant oysters can inhibit parasite
multiplication or eliminate it from tissues.

Review of Oyster Diseasesin the Southeast

Oyster pathogens have been studied intensively
from oyster populationsin the northeast (Chesapeake
and Delaware Bays) and the Gulf of Mexico, where
mass mortalities have been attributed to both Perkinsus
marinus and Haplosporidium nelsoni (Ford and
Haskin 1982, Haskin and Andrews 1988, Sindermann
1990, Wilson et al. 1990). However, relatively little
isknown about these oyster diseasesin the southeast.
Although P. marinus seems endemic to North Caro-
lina, South Carolinaand Georgia (Burrell et al. 1984,
Crosby and Roberts 1990, Lewis et al. 1992), it ap-
parently does not cause mass mortalities like those
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which have decimated Chesapeake and Delaware Bay
oyster populations (Sindermann, 1990). Recently
(1985-1987) mgjor die-offs have been observed in
Georgia and South Carolina, presumably due to el-
evated salinities, record high temperatures and poten-
tially enhanced P. marinus infections (W. Anderson
pers. comm., Lewis et al. 1992). We know that suc-
cessive dry years during 1985-1987 may have also
caused severe losses, most of which have been attrib-
uted to P. marinus. In Virginia, few oysters are cur-
rently left on public or private beds for harvest or
broodstock (Andrews 1988). Perkinsus marinus is
considered to be the etiological agent responsible for
the mortalities observed in Georgia during the same
period (Lewis et al. 1992), with similar conclusions
made in North Carolina (Frankenberg et al. 1995).

For the southeast (Georgia, South Carolina, North
Caroling) as discussed above, our understanding of
these diseases and their epizoctiology isat avery early
stage of development, with much of the historical
knowledge derived from studies on subtidal oysters
from either the Gulf of Mexico or the northeast. In
South Carolina oysters are nearly all intertidal (over
95% from Lunz 1950, Maggioni and Burrell 1982, W.
Anderson pers. comm.), often adjacent to emergent
vegetation intidal creeks, withtidesgeneraly >1-2m
and elevated salinities and temperatures during expo-
sure. Hence, disease epizootiology in the southeast
may be very different from that observed for subtidal
populations.

Crosby and Roberts (1990) studied P. marinusin
oyster populations from North Inlet, South Carolina.
They found that the seasonal patterns of infectionsin
South Carolina were similar to those found in other
areas. O'Beirneta. (1994, 1996a) also foundincreas-
ing P. marinus infections in the spring followed by
peak levelsin late summer/fall months. Burrell et al.
(1984) similarly found that the highest prevalencelev-
elsoccurred in late summer and early fall in both in-
tertidal and subtidal oyster populations sampled from
Cape Romain. However, whereas infections seem to
disappear during the winter months in the northeast,
further south, light to moderate infections often per-
sist all year (Andrews and Hewatt 1957, Quick and
Mackin 1971, Burrell et al. 1984, Crosby and Roberts
1990, O'Beirnet al. 1994, 1996a). Lewiset al. (1992)
found that Perkinsus marinus intensity in Georgiare-
sembled that of Quick and Mackin's (1971) observa-

tions for Florida. Because of the preponderance of
intertidal oystersin South Carolinaand Georgia, some
differences may be expected. Burrell et al. (1984)
compared subtidal and intertidal P. marinus infection
intensity in native populations at two sites in South
Carolina and found little difference in infection lev-
els between tidal levels within either site (see data
included here also). Similar results were observed by
O'Beirnetal. (1994) in oysters planted subtidally and
intertidally in Georgia.

Only recently have Haplosporidium nelsoni
(MSX) infections been reported in the southeast
(Haskin and Andrews 1988, Lewis et al. 1992,
Morrison et a. 1992, Dougherty et al. 1993, Bobo et
al. 1996) so few generalizations are available. Pre-
liminary examinations in North Inlet, near
Georgetown, South Carolina did not detect the para-
site (Crosby and Roberts 1990). And to date, no mass
mortalities among oysters have been attributed to H.
nelsoni south of Cape Fear, North Carolina

Overview of Monitoring in Other Sates

Gulf Coast - Past EPA status and trends monitoring
programs included 49 sites along the Gulf of Mexico
between January and March. Low P. marinus median
infection intensities were typically observed since
sampling was done during the winter when infection
intensities are normally low (see Craig et al. 1989).

Virginia - Sampling is conducted at four stations that
represent the only locationsin Virginiawith sufficient
oysters for monthly monitoring; these are also the
major sources of seed oystersfor private planters. Two
of these four stations are monitored for H. nelsoni.
Spring and fall monitoring is conducted at selected
sites throughout Virginia. The samples are collected
in conjunction with ongoing stock assessment surveys.
The Fall survey is especially important because both
pathogens are near maximum abundance at this time
and the samples provide a good indication of the se-
verity of the diseases during the year. Only a
subsample of the sites is chosen for H. nelsoni diag-
nosis (Burreson and Calvo 1994).

Maryland - Thisfall monitoring program consists of
43 sites representing a compromise among three fac-
tors: (1) the spring-summer spat set must grow to a
size to be visually identified; (2) P. marinus and H.
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nelsoni generally have exerted their effects on the
population (mortality) during the preceding summer
and; (3) athough the oyster harvest season begins
before the time of sampling, early fall sampling mini-
mizesthe effects of harvest, given the other constraints
onthesurvey. A subset of sitesischosen for H. nelsoni
diagnosis using both blood histocytol ogy (major meth-
odology) and tissue histopathology (Smith and Jor-
dan, 1992).

North Carolina - There is no defined disease moni-
toring program at thistime. Monitoring of diseasesis
conducted during their seed planting and repletion
program. Primarily through current enhanced research
efforts (M. Marshall pers. comm.).

Objectives of Report

1. To review current knowledge of Perkinsus
marinus in South Carolina oyster populations;

2. To discuss epizootiology of Perkinsus marinus
(Dermo), especially with reference to water tem-
perature and salinity;

3. Toreview current knowledge of Haplosporidium
nelsoni (MSX) in South Carolina oyster popula-
tions;

4. Todiscusstheseresults, in conjunction with those
observed previously in other states and finaly;

5. To summarize the potential implications of oys-
ter diseases to management of the state’'s oyster
resources, including relevant recommendations
and current and future research directions.

METHODS

Between 1972 and 1996, over 21,000 oysterswere
examined for the presence of the protozoan Perkinsus
marinus (Dermo). Samples were intermittently col-
lected from over 60 intertidal and/or subtidal sites
throughout the state. From 1994 to 1996, 1,924 oys-
ters were examined for Haplosporidium nelsoni
(MSX) infection from 21 sites. Hydrographic data
were collected coincidentally with sampling, in most
cases, including water temperature and salinity mea-
surements. More recently, temperature (both inter-

tidal and subtidal), salinity, dissolved oxygen, pH and
depth, have been measured using environmental
dataloggers (from Hydrolab and Onset). Oysterswere
collected by hand at low tide from the intertidal zone
or dredged (subtidal).

Oyster sample size per collection was generally
25 oysters. Shell abnormalities (Table 1) were noted
before each oyster was scrubbed clean. Individua
shell height (maximum anterior-posterior length) was
measured to the nearest millimeter using vernier cali-
pers. Each oyster was opened aseptically and general
physiological condition (Howard and Smith 1983) and/
or other abnormalities noted.

Perkinsus marinus (Dermo) Evaluation

Perkinsus marinus was diagnosed by Ray’sfluid
thioglycollate medium culture method (RFTM, Ray
1966). Rectal tissue and/or approximately 3-4 mm
of gill and mantle tissue of each oyster were incu-
bated in RFTM inoculated with penicillin and strep-
tomycin (after 1985 chloromycetin and mycostatin
were used). Tissueswere incubated at room tempera-
ture for aperiod of 3-7 days, stained with Lugol’sio-
dineand then examined. Aninfection level wasscored
for each oyster as a disease code number (Quick and
Mackin 1971) ranging from 0 (absence of
hypnospores) to 6 (heavily infected) (reviewed here
in Table 2). Prevalence (the percent infected) and
mean infection intensity (or weighted incidence) for
each sample (n > 25) were then calculated. Weighted
incidence (WI) was determined after Ray (1954b) and
Mackin (1962) as follows:

WI=sum of disease code numbers
(or infection intensity)/
number of oystersexamined

Choi et a. (1989) have demonstrated that thisscaleis
essentialy alog of the number of parasites per gram
weight. Similarly, Bushek et al. (1994) have shown
that weighted incidence accurately reflects the aver-
age infection intensity in an oyster population.

Haplosporidium nelsoni (M SX) Evaluation
Diagnosis of Haplosporidium nelsoni (MSX) was

determined by routine paraffin histopathol ogical tech-
niques (Preece 1972). One or two transverse tissue
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Tablel.  Shell abnormalities typically associated with oystersin SC (after Howard and Smith 1983).

Mantle recession Heavy fouling of the inside shell margin indicates prolonged mantle recession.

Shell pustules Raised yellow-brown conchiolin deposits on the nacreous surface of the shell.
May contain creamy yellow fluid.
Shell blisters Frequently found on the inside of the shells near the adductor muscle. Blister

cavities contain mud or sea water.
Polydora sp. (mud worm) Settles on the inner surface of the shell and builds a U-shaped mud tube with both
orificesexternal. The deposit issoon covered by alayer of conchiolin - forming a
shell blister.
Cliona sp. (boring sponge) Small round holes on the surface of mollusk shells. Dark pigmented pustulesform
opposite the holes in the shell.

Drill cased/drill holes Tough, greenish leathery capsulesin which oyster drill eggs are deposited. Small

symmetrical holesin molluscan shells can be attributed to oyster drills.
Calcareous malformations These abnormalities are pathological and are associated with the disturbance of
calcium metabolism which manifestsitself in an over calcification of selected parts

of the organism.

cross sections, approximately 4 mm thick, including
gill, mantle, digestive diverticula, and gonadal tissue
were dissected and fixed in Davidson's fixative (for-
malin, 95% ethyl alcohol, glacial acetic acid). After
routinetissue processing involving dehydration, clear-
ing and infiltration, tissueswere embedded in paraf-
fin and 5-7 mm sections were cut from each oyster
tissue using a rotary microtome. These tissue sec-
tions were stained with hematoxylin and counter-
stained with eosin. Slides were examined for H.
nelsoni to determine prevalence and intensity (Table
3).

Sudy Sites

The coastal region of South Carolina was arbi-
trarily divided into three areas (Figure 2) represent-
ing the northern, central and southern regions (seealso
Orlando 1994 for additional information):

Region A (Sites 1-9) represents the area from
Murrell’s Inlet to Bull Bay. This area includes the

Winyah Bay estuary which is a small coastal plain
system occupying 78 km (NOAA 1990) and contains
numerous marshes, shoals, and interior islands (Blood
and Vernberg 1992, DeVoe 1992). The North and
South Santee Rivers are also in this region.

Region B (Sites 10-46) comprisesthose areasfrom
Venning Creek to theAshepoo River. Anareaincluded
in this region is the Charleston Harbor estuary which
is acoastal plain, drowned river valley system occu-
pying 96 km (Mathewset a. 1981, NOAA 1990). The
Ashley, Cooper and Wando Rivers are also included
in this region.

Region C (Sites 47-62) is the area from St. Hel-
ena Sound to Skull Creek. St. Helena Sound estuary
isadrowned river valley/bar-built system containing
numerous marsh islands and tidal creeks (Hopkins
1956, Mathews et a. 1980, Stapor 1984, Bearden et
al. 1985). Also, included in thisregion are the Coosaw
and Colleton Rivers.
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Table2.  Evauation of Perkinsus marinus (Dermo) infection intensities (after Quick and Mackin 1962).

Intensity Number Cdl Appearance

Description Code Concentration Microscopic/Macroscopic

Negative 0 None No cells/tissue orange-brown

Very Light 1 1-10/sample Cellsvery scattered

Light 2 11-100/sample Cedllsin most fields, but sometimes concentrated in
specific areas

Light Medium 3 99-1,000/sample Cells common, beginning to make up a significant
portion of each field

Medium 4 31-300/5mm field Cells present everywhere

Medium Heavy 5 301-1,000/5mm field

Heavy 6 1,000 and up/5mm field

All fields are darkened by cells, tissue often bluish

All fields are black, tissue difficult to see

(commomly to 3,000/5mm field)

15x wide field oculars and 4X objective gives 5mm field.

Table3.  Explanation of codes assigned for Haplosporidium nelsoni (MSX) infection intensity and category

(after Ford and Figueras 1988, Burreson 1994).

H = Number of Heavy Infections (>5 plasmodia/ 400x field)
M = Number of Moderate Infections (2-5 plasmodia/ 400x field)
L = Number of Light Infections (<2 plasmodia/ 400x field)
G = PlasmodiaConfined to Gill Epithelia
LS = RaretoLight Systemic Infections
HS = Heavy Systemic Infections
RESULTS (seeTables4 & 5and Figures2 & 3for overview). In

Overview of Perkinsus marinusin
South Carolina

Between 1972 and 1996, over 21,000 oysterswere
examined for Perkinsus marinus infection from 62
sites along South Carolind's coast. This monitoring
program demonstrated that Perkinsus marinus was
present (measured as prevalence) at all of these sites

South Carolina, P. marinus infections have tended to
more closely follow those observed in Gulf Coast oys-
ter populations, rather than those typically observed
inthe northeast (i.e. Chesapeake and Delaware Bays).
We have observed that infections fluctuate both tem-
porally and spatialy in estuaries and that winter preva-
lence levels rarely approach zero. Asin the Gulf of
Mexico (Mackin and Hopkins 1962, Andrews and Ray
1988), South Carolina's coastal region is subject to
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WINYZH BAY

GEORGIA

Figure 2.

18

Map of South Carolina sites sasmpled for diseases.
The coast was arbitrarily divided into three areas
representing northern (region A), central (region B)
and southern (region C) regions.

Johns Island

Harbor

Toler's Site

ATLANTIC OCEAN

Figure 3.

Detailed maps of oyster disease sitesnear Charleston,
SC: (A) Toogoodoo Creek (site #36), Church Creek
(#32) and Cherry Point (#35); (B) all stationsin the
Wando River (#17); (C) Toler’'s Cove Marina (#16)
and Inlet Creek (#15).
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Tabled4.  Numerica listing of field sites sampled for Perkinsus marinus (Dermo) and Hapl osporidium nelsoni

(MSX) in oysters between 1972 and 1996.

MURRELL'SINLET
LITCHFIELD
WINYAH BAY ©®, O
NORTH SANTEE
SOUTH SANTEE
ALLIGATOR CREEK
CASINO CREEK
CAPEROMAIN® , ®
BULLBAY ®, 0O
VENNING CREEK
PRICE'SINLET
CAPERSINLET
LONG CREEK
14.  SWINTON CREEK
*15. INLETCREEK ® , ®
*16. TOLER'SCOVEMARINA® , ®
*17. WANDORIVER® , O
18. ALSTON CREEK ®, O
19. SHEM CREEK ®, O
20. NOISETTECREEK ® , ®
21. SHIPYARDCREEK ® , ®
22. DIESEL CREEK ®, O
22a. PLUM ISLAND CREEK ® , ®
23. KOPPERSCREEK ® , ®

CoOoooNoU~WDNE

[ S S T
Wk

24. CHARLESTON HARBOR/MRRI-NMFS/GRICE® ,®  57.
25. METCALF CREEK-STONO/CHAS. HARBOR ® , O 58.

26. CLARKSOUND ® , e

27. SECCESSIONVILLE CREEK

28. LIGHTHOUSECREEK ® , ®

29. FOLLYCREEK ® ,®

30. STONOINLET

31. WALLACECREEK ®, O
*32. CHURCH CREEK

33. KIAWAHCREEK ©® , ®
34. LONGISLAND
*35. CHERRY POINT®, O
*36. TOOGOODOO CREEK ® , O
37. LEADENWAHCREEK ©® , ®
38. NORTH EDISTO INLET
39. TOM POINT CREEK
40. FRAMPTON INLET
41. SCOTT CREEK
42.  ST. PIERRE’'S CREEK
43.  FISHING CREEK
44.  BAILEY CREEK
45. SOUTH EDISTO INLET
46. ASHEPOORIVER® , ®
47.  ST. HELENA SOUND
48. SOUTH WIMBEE CREEK
49. FRIPPINLET®,0O
50. STORY RIVER
51. COOSAW AT BRICKYARD PT.
52. WARSAW CREEK ®, O
53. DISTANT ISLAND CREEK
54. CHOWAN CREEK ®, O
55. MCcCALLY’'SCREEK
56. JENKIN'SCREEK ® , O
PORT ROYAL SOUND
HAZARD CREEK
59. COLLETONRIVER®, O
60. CHECHESEE CREEK
61. MACKAY CREEK ®, O
62. SKULLCREEK ® , ®

*See Figure 3

© Sites Sampled For MSX; @ Sites Positive For MSX; O Sites Negative For MSX

wide annual and seasonal variations in rainfall, with
corresponding salinity fluctuations. There are few
oyster growing areas with salinitieslow enough (typi-
cally < 6 ppt) to preclude the occurence of Perkinsus
marinus (Ragoneand Burreson 1993). The prevalence
(% infected) and weighted incidence (mean infection
intensity) of P. marinus varied with location, but gen-
erally, highest prevalence and weighted incidence lev-
els occurred during the summer and early fall (see

Figures 4-11).

Another major difference between our findings
and those observed previously for the northeast was
the rarity or lack of elevated (hence referred to here
as those infections averaging 3.0 or greater on the
Quick and Mackin scale which ranges from 0-6)
Perkinsus marinus infection intensities. When ana-
lyzed overall, of the 831 mean values (each based on
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Table5.  Alphabetical listing of oyster disease sampling sites.

6. ALLIGATOR CREEK
18. ALSTONCREEK ®, 0O
ASHEPOORIVER ® , ®
BAILEY CREEK
BULL BAY ®, O
CAPEROMAIN® , ®
CAPERSINLET
CASINO CREEK

~RNookS

20. NOISETTECREEK ® , ®
38. NORTH EDISTO INLET
4. NORTH SANTEE

22a.  PLUM ISLAND

57. PORT ROYAL SOUND
11. PRICE'SINLET

42.  ST. PIERRE'S CREEK
47.  ST. HELENA SOUND

24. CHARLESTON HARBOR/MRRI-NMFS/GRICE® ,® 41,  SCOTT CREEK

60. CHECHESEE CREEK
*35. CHERRY POINT®, O
*32. CHURCH CREEK
26. CLARKSOUND ® , e
59. COLLETONRIVER®,O
51. COOSAW AT BRICKYARD POINT
54, CHOWANCREEK ®,0
22. DIESEL CREEK ®, O
53. DISTANT ISLAND CREEK
43.  FISHING CREEK
29. FOLLY CREEK
40. FRAMPTON INLET
49. FRIPPINLET®,0O
58. HAZARD CREEK
*15. INLETCREEK ® , ®
56. JENKINSCREEK ® , O
33. KIAWAHCREEK ® , ®
23. KOPPERSCREEK ® , ®
37. LEADENWAHCREEK ©® , ®
28. LIGHTHOUSE CREEK
2. LITCHFIELD
13.  LONG CREEK
34. LONGISLAND
61. MACKAY CREEK ®, O
55. McCALLY’'S CREEK

19. SHEM CREEK ®, O
21. SHIPYARD CREEK ©® , ®
62. SKULLCREEK ® ,®
SOUTH EDISTO INLET
SOUTH WIMBEE CREEK
SOUTH SANTEE
30. STONOINLET
50. STORY RIVER
27. SECCESSIONVILLE CREEK
14.  SWINTON CREEK
*16. TOLER'SCOVEMARINA® , ®
39. TOM POINT CREEK
*36. TOOGOODOO CREEK ®, O
10. VENNING CREEK
31. WALLACECREEK ®, O
*17. WANDORIVER®, O
52. WARSAW CREEK ® , O
3. WINYAHBAY ®,0

o & &

25. METCALF CREEK-STONO/CHAS. HARBOR ® , O

1. MURRELL'SINLET

*See Figure 3.

© Sites Sampled For MSX; @ Sites Positive For MSX; O Sites Negative For MSX

asamplesize of at least 25 oysters) calculated for the
period between 1972 and 1996, only 5% (or 42 of 831
samples) exceeded an infection intensity threshold of
3.0 or greater. This result differs greatly from obser-
vations made in the northeast (i.e. Chesapeake and
Delaware Bays), where significant Perkinsus-related
mortalities have been documented. In those areas,

disease-related oyster die-offs are associated with sys-
temic Perkinsus infections, with mean intensities or
weighted incidences often exceeding 4.0-5.0 (Bushek
et al. 1994, Ford and Tripp 1996).

Examining the above 24 year dataset by decade
and month across all sites, of the 345 samples taken
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Plot of SC Mean Perkinsus Intensities by Month
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Figure4. Summary plot of all Perkinsus marinus intensity
values (n=831) from 1972-1996 by month, across
al years and sites. Each sample mean based on 25
or more oysters. Third order regression and mean
intensities >3.00 above line.

from 1972 to 1979, no (0%) mean values exceeded
the above Perkinsusinfection intensity threshold and
aregression through these mean val ues never exceeded
an intensity of 0.5 (Figures 5 & 9). From 1980 to
1989, when 230 samples were collected, 13% (or 30
of 230 samples) of these samples now exceeded 3.0,
with peak intensities occurring from June to October.
Finally, from 1990 to 1996, 256 samples were col-
lected, of which 4.7% (or 12 of 256) of these exceeded
3.0, with peak intensities now occurring from July-
November.

Focussing only on the 42 values exceeding 3.0
from 1972 to 1996, there were no mean intensities
above 3.0 during the 1970s (Figures 5 & 9). Then
from 1980 to 1989, 71% (or 30 of the above 42) of all
mean intensities over 3.0 were observed (Figures 6 &
10). Lastly, from 1990 to 1996, the remaining 29%
(or 12 of the 42) of the elevated intensities were ob-
served (Figures 7 & 11). Comparing these three de-
cades of observations, it appearsthat Perkinsusinten-
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Figure5. Summary of plot of all mean Perkinsus marinus
intensity values (n=345) from 1972-1979. (See
Figure 4 for details).

sities have risen significantly during the 1980s versus
the 1970s (compare Figures 5 & 9 and 6 & 10). It
appears therefore, that elevated Perkinsus infections
increased significantly in the 1980s, since sampling
in South Carolina was initiated and have remained
elevated throughout the 1990s (Figures 7 & 11).

Geographical Distributions

The coastal region of South Carolinawas divided
into three areas designated as the Northern (AreaA),
Central (AreaB), and Southern (Area C) regions (Fig-
ure 2).

Northern Region of South Carolina-AreaA

The northern most region (Figure 2, Sites 1 - 9)
consisted of nine oyster beds located in areas from
Murrell’s Inlet (Area 1) to Bull Bay (Area9). The
oyster pathogen Perkinsus marinus was detected in
oyster populations at Cape Romain, North Santee,
South Santee, Bull Bay and Alligator Creek (Figures
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Figure6. Summary of plot of all mean Perkinsus marinus
intensity values (n=230) from 1980-1989. (See
Figure 4 for details).

A-1 - A-5) sampled between 1972 and 1979. Infec-
tion intensities (<1.00) and prevalences (<30%) were
generally low at all of these sites, except for Alligator
Creek, sampled between 1972 and 1974, whereinfec-
tion intensity levels were approximately 2.0 and the
prevalenceswere >60% (Figure A-5). Examination of
oysters from Area A in 1994 revealed that Perkinsus
marinus occurred in oysters from all of the sites
sampled. Infectionintensity levelsweregeneraly >1.5
and at some sites as high as 3.0. Prevalence levels
were generally > 90%.

Charleston Harbor Region of South Carolina-Area B

Thirty-six oyster bedswere examined for the pres-
ence of Perkinsus marinus in the central region of
South Carolina (Figures 2 & 3, Sites 10 - 46). This
area consisted of samples taken from Venning Creek
southward to Ashepoo River. Severa of thesiteswere
sampled over an extended period and the results are
discussed later (See Overview of P. marinus by Site
section). P. marinus prevalences levels ranged from
0.0t0 100%. P. marinusinfectionintensity and preva-
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Figure7. Summary of plot of all mean Perkinsus marinus
intensity values (n=256) from 1990-1996. (See
Figure 4 for details).

lencelevels appeared to below inthe 1970s and early
1980s (<1.00 and < 50%), except at Fishing Creek
where infections reached 2.63 and 80% in May 1974
(FigureA-6). Inthemid 1980s and 1990s prevalence
levelsamost always exceeded 50% and usually were
> 80%. Perkinsus marinus infection intensity levels
varied with the time of sampling but, generally were
>1.5 occurringin 12 of the 18 samples (or 67%). Mean
infection intensity levels >3.0 were observed in only
3 of the 18 samples (or 17%, Table A-1).

Southern Region of South Carolina-AreaC

A similar pattern to that observed in the Charles-
ton Harbor Region (Area B) occurred in the southern
portion of the state (Figure 2, Sites 47 - 62). Low
intensity and prevalence levels (<1.0 & < 50%) were
detected inthe 1970s and early 1980s. Oystersexam-
ined in the late 1980s and 1990s revealed P. marinus
infection intensitiesusually >2.0 and prevalencestypi-
cally >50% with levels of 100% common (Table A-
2).
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Plot of SC Monthly Overall Mean Perkinsus
6.0 Intensities, 1972-1996
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Figure 8. Summary of plot of grand means by month of mean
Perkinsus marinus intensity values (n=64-84, for
each month presented in Figure 4) from 1972-1996
across al sites. (See Figure 4 for details).

Perkinsus marinus Observations by Site
(Extended Sampling)

Toler’'s Cove and Inlet Creek (Sites 15 & 16)

Aspart of along-term intertidal oyster ecosystem
study (Coen et al. 1995, 1997, Wenner et a. 1996),
native oysters were collected from two experimental
reef sites (Figures 2 & 3) from September 1994 to
January 1996. One developed site located at Toler’s
Cove Marina, the other, at afairly pristine tidal creek
system (Inlet Creek). Examination of these oysters
revealed P. marinus prevalences of nearly 100% dur-
ing summer, early fall, and late spring. A summer
peak was detected at the developed site (WI = 2.56),
and at the Inlet Creek site (W1 = 2.84). Mean infec-
tion intensities never exceeded 3.0, even in the hot
summer months. Toler’sCoveMarinaand Inlet Creek
intensities remained fairly constant, despite the ob-
served variable prevalence levels (Figure 12). Long-
term environmental monitoring data (FiguresA-9 and
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Figure9. Summary of plot of grand means by month of mean
Perkinsus marinusintensity values from 1972-1979
across al sites. (See Figure 4 for details).

A-10), collected concurrently with oyster samples at
these sites, demonstrated that subtidal salinities re-
mained consistently high, but fluctuated between 20-
35 ppt (as sampled every 48 min).

Toogoodoo River and Cherry Point (Sites 35 & 36)

Oysters were sampled monthly for Perkinsus
marinus between July 1986 and December 1991 at
sites 35 and 36. Generally, in the North Edisto River
system the highest weighted incidencelevelsoccurred
in the summer and early fall.

Toogoodoo High Intertidal Zone

Oysters sampled monthly from the high intertidal
zone of Toogoodoo Creek (Figures 2 & 3, Site 36),
sampled from July 1986 to December 1991 (52
sampled months), had prevalence levelsranging from
25 to 100% (see Figure 13). In 45 of the 52 (87%)
samples, however, Perkinsus marinus prevalencetypi-
cally exceeded 80%. The highest weighted incidence
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Plot of SC Mean Perkinsus Intensities by Month
6.0 — 1980-1989

55 30 total data points (or 13%) > 3.0

5.0

451 [0 001 17 4 94 40 0

# of means > 3.0

4.0 —

3.5

3.0

2.5

2.0

Mean Perkinsus Infection Intensity

1.5 1

1.0 H

0.5

0.0 T T T T T T T T T T T T 1
Jan Feb Mar Apr May JungJuly Aug SeptOct Noy Dec
Month
Figure 10. Summary of plot of grand means by month of mean

Perkinsus marinusintensity values from 1980-1989
across al sites. (See Figure 4 for details).

(3.76) over the five year period was detected in Sep-
tember 1991. The lowest weighted incidence level of
0.40 was observed in December 1989. Weighted in-
cidence levels > 2.00 occurred in 23 of the 52 (44%)
samples (see Figure 13). Salinity and water tempera-
ture (taken at the time of sampling) ranged from 8-32
ppt and 13.5-31°C (Figure A-7).

Toogoodoo Low Intertidal Zone

Oysters examined from the low intertidal zone of
Toogoodoo Creek (Figures 2 & 3, Site 36), sampled
monthly from July 1986 to December 1991 (52
months), had preval encesranging from 28-100% (Fig-
ure 13). Prevalence levels > 80% were observed in
44 of the 52 (or 85%) samples. The highest weighted
incidence recorded over the nearly five year period
occurred in September 1987 (3.64), with 100% of the
oystersinfected. The lowest weighted incidence oc-
curred in March 1989 (0.36) when only 28% of the
oysters were infected. Weighted incidence levels
>2.00 occurred in 23 of the 52 (44%) samples (Figure
13). Hydrographic data taken at the time of collec-
tions were the same as for the high intertidal zone.
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Figure 11. Summary of plot of grand means by month of mean
Perkinsus marinusintensity values from 1990-1996
across al sites. (See Figure 4 for details).

Cherry Point High Intertidal Zone

From 1986-1991 (54 sampled months), P. marinus
prevalence levels ranged from 40-100% in the high
intertidal zone of Cherry Point (see Figure 14). Preva-
lence levels > 80% were observed in 48 of the 54 (or
89%) samples. The highest weighted incidence (3.44)
over the nearly five year period was observed in Oc-
tober 1990 with a 100% prevalence. The lowest
weighted incidence (0.56) and preval ence (40%) lev-
elswere observed in April 1988. Weighted incidence
levels > 2.0 were observed in 28 of the 54 (or 52%)
samples and occurred generally in the summer and
early fall. Salinity and water temperatures recorded
at the time of sampling ranged from 16-35 ppt and 8-
32°C (Figure A-8).

Cherry Point Low Intertidal Zone

Oysters examined from the low intertidal zone of
Cherry Point (Figures 2 & 3, Site 35) between July
1986 and December 1991 (54 sampled months) had
prevalence levels ranging from 40-100% (see Figure
14). Prevalence levels > 80% were observed in 50 of
the 54 (93%) samples. In November 1991, the high-
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Perkinsus marinus at
Experimental Reef Sites, 1994-1996
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Figure 12. Prevalence and weighted incidence levels of
Perkinsus marinus (Dermo) in native oysters from
Toler's Cove Marina, site #16 (developed site) and
Inlet Creek, site#15 (reference or control site) (n=25
oysters/site, 5 replicate samples).

est weighted incidence level (3.76) during the nearly
fiveyear period was observed with 100% of the sample
population infected. The lowest weighted incidence
(0.72) and prevalence levels (40%) were observed in
April 1987. Weighted incidence levels > 2.0 were
observed in 31 of the 54 (or 57%) samples (Figure
14). Physical environmental data, taken at the time of
sampling, were the same as recorded for the Cherry
Point high intertidal zone.

Differences between the high and low intertidal
samples from Toogoodoo and Cherry Point were ex-
amined by the Mann-Whitney U test. Results indi-
cated no significant difference in mean infection in-
tensities between the high and low intertidal oysters

at each site (P >0.05).
Wando River (Site 17)

Relatively low weighted incidence (<1.0) and
prevalence (< 40%) levels of P. marinus infections
were observed during most of the sampling times at
each of thefive stations sampled from the Wando River
from 1973 to 1977. Generally, weighted incidence
levels> 1.0 occurred during the summer and fall (Fig-
ures 15 & 16). Oysters were collected from subtidal
populations in the Wando River. This is one of the
few subtidal populations existing in South Carolina.
Sampling sitesfrom the Wando River were established
with increasing numerical designations moving upriver
(see Figure 3).

WO000

Oysters sampled from the mouth of the Wando
River, near Remley’s Point Landing, (Figure 3) from
1973 to 1977 revealed the presence of P. marinus.
Prevalencelevelsranged from 0% (May 1975) to 63%
(November 1974). The highest weighted incidence
level (1.20) occurred in July 1976. Weighted inci-
dence levels <1.00 were observed in 46 of the 48 (or
96%) sampling times. Prevalence levels > 40% were
observed in only 5 of the 48 (or 10%) sampling times
(Figure 15). Water temperaturesranged from 8-30°C,
with salinities from 5-19 ppt.

W004

At station W004, the junction of Nowell Creek,
P. marinus weighted incidence (1.52) and prevalence
(60%) levels were highest in September 1976.
Weighted incidence levels <1.00 were observed 23 of
the 26 (or 88%) sampling times. Prevalence levels
>40% were observed in only 5 of the 26 (or 19%)
sampling times (Figure 15). Salinitiesand water tem-
peratures ranged from 7-18 ppt and 7-32°C.

WO008

The highest mean infection intensity level (WI)
in the oysters examined from the Wando River during
this sampling period (1973 to 1977) occurred at sta-
tion WQ008, located just below Deyten’s Shipyard. The
weighted incidence ranged from 0.0t0 2.40. Thehigh-
est observed prevalence (68%) and weighted incidence
(2.4) levels occurred in November 1973. Weighted
incidence levels <1.0 were observed in 48 of the 50
(or 96%) sampling times. Prevalence levels >40%
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Toogoodoo Creek Perkinsus marinus, 1986-1991
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Figure 13. Prevaence (% infected) and weighted incidence (mean infection intensity) of Perkinsus marinus (Dermo) in native
oysters from the high and low intertidal zones at Toogoodoo Creek, site #36 (n=25 oysters/month).

were observed in only 6 of the 50 (or 12%) sampling
times(Figure 15). Observed salinitiesand water tem-
peratures ranged from 7 to 19 ppt and 7 to 32°C.

WO010

At station W010, near the Highway 41 Bridge
(upstream), the highest weighted incidence (1.92) and
prevalence (60%) levels were observed in November
1973. During the sampling period between 1973 and
1977, 48 of the 50 (or 96%) sampling times had
weighted incidence levels <1.0. Prevalence levels
>40% were observed in only 5 of the 50 (or 10%)
sampling times (Figure 16). Water temperatures
ranged from 8 to 32°C, with salinities from 6 to 19
ppt.

w014
At station W014, near the Paradise Boat Landing,

26

weighted incidence and prevalence levels were the
highest recorded (2.08 and 72% respectively) in No-
vember 1973. During the other 44 sampling times,
the weighted incidence was never >1.00. Prevalence
levels > 40% were only observed in 2 of the 45 (or
4%) sampling times (Figure 16). Observed water tem-
peratures ranged from 7 to 31°C, with salinities from
5to0 19 ppt.

Differences in infection intensity among the five
stations at Wando River were significant, (P= 0.002,
Kruskal-Wallis), with the disease being most intense
at WO008. Thelowest meaninfectionintensity occurred
at the upriver station, W014, near Paradise Boat L and-
ing. During 1973, oysters were infected at a signifi-
cantly higher level than during the following four
years, with anotable declineinintensity during 1977.
Seasonal variation in infection intensity was also ap-
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Cherry Point Perkinsus marinus, 1986-1991
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Figure 14. Prevaence (% infected) and weighted incidence (mean infection intensity) of Perkinsus marinus (Dermo) in native
oysters from the high and low intertidal zones at Cherry Point, site #35 (n=25 oysters/month).

parent, with the disease most prevalent during the
months of August through December (P<0.001,
Kruskal-Wallis test).

Cherry Point and Church Creek (Sites 35 & 32)

Oysterswere sampled monthly from the high and
low intertidal zones from Cherry Point and Church
Creek during the period March 1993 to February 1995.
P. marinuswas present throughout the study. Highest
infection intensity and prevalence levels occurred in
summer and fall months (Figures 17 & 18).

Cherry Point High and Low Intertidal

The weighted incidence and prevalence levels
ranged from 0.08 to 2.65 and 8% to 100% at the high
intertidal zone. Oysters sampled from the low inter-
tidal zone had weighted incidence vaues from 0.28
to 2.24. P. marinus was observed in 28-100% of the

South Carolina Marine Resources Division Technical Report Number 86

oysters examined over the nearly two year period.
Surface water temperatures ranged from 9-35°C, with
salinities from 21-36 ppt (Figure A-8).

Oysterssampled from the high intertidal zone had
prevalence levels >80%, 11 of the 24 (or 46%) sam-
pling times. Weighted incidence levels <2.0 were
observedin 23 of the 25 (or 96%) sampling times (Fig-
ure 17).

Oysters sampled from the low intertidal zone had
prevalence levels > 80%, 5 of the 24 (or 21%) sam-
pling times. Weighted incidence levels <2.0 were
observedin 21 of the 24 (or 87%) sampling times (Fig-
ure 17).

Church Creek High and Low Intertidal
Oysters collected from the high intertidal zone of
Church Creek had P. marinus in 8 -100% of the oys-
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Figure 15. Prevaence (% infected) and weighted incidence (mean infection intensity) of Perkinsus marinus (Dermo) in native
oysters from the Wando River, site #17 (n=25 oysters/month).

ters examined; infection intensity levels ranged from
0.08 - 2.17. Prevaencelevelsfrom the low intertidal
zone ranged from 20-100% and weighted incidence
levelsranged from 0.2 - 2.76. Observed salinitieswere

from 8 - 32 ppt; temperatures from 8 - 31°C (Figure
A-7).

Oysterssampled from the high intertidal zone had
prevalence levels > 80% 6 of the 24 (or 25%) sam-
pling times. Weighted incidence levels <2.00 were

28

observedin 23 of the 24 (or 96%) sampling times (Fig-
ure 18).

Oysters sampled from the low intertidal zone had
prevalence levels > 80%, 8 of the 24 (or 33%) sam-
pling times. Weighted incidence levels <2.0 were ob-
served in 21 of the 24 (or 87%) samples (Figure 18).

Disease data collected on oysters from the high
and low intertidal zones at Cherry Point and Church
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Figure 16. Prevaence (% infected) and weighted incidence (mean infection intensity) of Perkinsus marinus (Dermo) in native
oysters from the Wando River, site #17 (n=25 oysters/month).

Creek for 24 months detected significant differences
(P < 0.05, Mann-Whitney U-test) in weighted inci-
dencelevels(meaninfection intensity) among the four
stations and for the two years of sampling (see Figure
19). Differences between the high and low intertidal

zones at Church Creek were significant (see statis-
tics, Figure 19) in 7 of the 24 (or 29%) sampling dates
(July, August and November 1993, March, July, Au-
gust and October 1994). Significant differenceswere
also detected 7 of 24 (or 29%) sampling dates at Cherry
Point, during August and November 1993, February,

April, August and October 1994 and February 1995.

After pooling the data from the high and low zones
from each site, significant differences were detected

between sites (P< 0.05, Mann-Whitney U-test) for

April, May, June and July 1993 and April and No-

vember 1994.
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Charleston Harbor-Grice Marine Laboratory (Site 24)

Perkinsus marinuswas present in Charleston Har-
bor (Grice Marine Laboratory, adjacent to Fort
Johnson) where oysterswere examined monthly (Fig-
ure 20) between June 1994 and February 1996. Preva
lence levels ranged from 22% (February 1996) to
100% (August 1995) and weighted incidence levels
ranged from 0.32 (February 1996) to 3.20 (October
1995) (Figure 20). Water samplestaken at the time of
sampling found salinities ranging from 15 to 25 ppt
and water temperatures ranging from 12 to 31°C.

Lighthouse Creek (Site 28)

Monthly oyster samples were collected from
Lighthouse Creek from January 1987 to October 1988.
Perkinsus marinuswas present in all months sampled.
Prevalence levels ranged from 40 to 100%. High
prevalence levels (>80%) were present in 17 of the
22 (or 77%) months sampled. Weighted incidence
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Cherry Point Perkinsus marinus, 1993-1995
6 —_

High Intertidal ~ 100
- 80
- 60

- 40

- 20

0 - o0 2

M N MO O M I I 5 - I ST w0 ~

DD OO OO OO OO OO OO O OO O O O b}

5 >2>8 =2 S 8 >=>8 = < o
=2332S8S=23g3g2S S
©

W intensit 3

. intensi o

6 - Low Intertidal y a
—e— prevalence L 100

Mean Infection Intensity (+ SE)

- 80

- 60

- 40

- 20

{3 e S S S v S S . S R~ O~ Yo
D OO OO OO OO OO OO OO OO O O O
= > >8> 5 >>8 > o
S T 5 o 8 85 F o s
= =S5 p 2" =2=5¢g 2"

Figure 17. Prevalence (%) and weighted incidence (mean
infection intensity) of Perkinsus marinus (Dermo)
in native oysters from the high and low intertidal
zonesat Cherry Point, site#35 (n=25 oysters/'month).

levelsranged from 0.52 t02.92. Moderateinfections
(weighted incidence, 1.92 - 2.92) were observed in 12
of the 22 (or 55%) samples (Figure 21).

Folly Creek (Site 29)

Native oysterswere transplanted from Lighthouse
Creek to Folly Creek (Figure?2)in 1986 and 1987, as
part of a project to assess the effect of mechanical
harvester transplanting of oystersto determine growth
and survival (see Klemanowicz 1985, Burrell et al.
1989). They were examined monthly between 1987
and 1988 to determine Perkinsus marinus infection
intensity and prevalence (see Figures 22-23).

Folly Creek High Intertidal
Oysterstransplanted to the high intertidal zone at
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Church Creek Perkinsus marinus, 1993-1995
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Figure 18. Prevalence (% infected) and weighted incidence
(mean infection intensity) of Perkinsus marinus
(Dermo) in native oysters from the high and low
intertidal zones at Church Creek, site #32 (n=25
oysters/month).

Folly Creek had prevalence levels ranging from 67 -
100%, with 13 of the 16 (or 80%) samples having P.
marinusin 100% of the oystersexamined (Figure 22).
The highest weighted incidence was observed in Au-
gust 1987 (3.80). However, weighted incidence lev-
€ls >3.00 were observed in 50% (or 8 of 16) of the
monthly samples examined. The lowest weighted in-
cidence (0.93) and prevalence (67%) levels were ob-
served in February 1988 (see Figure 22).

Folly Creek Low Intertidal

Oysterstransplanted to thelow intertidal zone had
prevalences ranging from 47-100%. Ten of the 16 (or
63%) sampling times had P. marinusin 100% of oys-
ters examined (Figure 22). The highest weighted in-
cidence (3.87) occurred in August 1987. Weighted
incidence levels >3.0 were only observed in 19% of
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Figure 19. Perkinsus marinus mean infection intensity levelsat
Church Creek and Cherry Point during 1993-1995.
Only months with significant statistical differences
(paired Mann-Whitney U-test) between high and low
intertidal samples are shown.

the monthly samples examined. However, 12 of the
16 (or 75%) sampling months had weighted incidence
levels >2.0. The lowest weighted incidence (0.60)
and prevalence (47%) levels were observed in Febru-
ary 1988 (see Figure 22).

Folly Creek Winter Transplant

Native oysters transplanted to Folly Creek (Sta-
tion REOL) in the winter (December 1986) were ex-
amined monthly from December 1986 to November
1987. Theweighted incidencelevelsranged from 0.48
(April 1987) to 3.96 (August 1987). Prevalence lev-
els ranged from 28% (April 1987) to 100%. These
values occurred several times during summer and fall
1987 (see Figure 23).

Folly Creek Spring Transplant

Native oysters transplanted to Folly Creek (Sta-
tion REQ2) in April 1987 were examined monthly for
P. marinus infection intensity and prevalence until

March 1988. Weighted incidence levels ranged from
1.04 (March 1988) to 3.84 (August 1987). Prevalence
levels were never < 60%, with the lowest (64%) ob-
servedintheinitial April sasmple. Nine of the 12 sam-
pling months (or 75%) had prevalence levels >80%
(see Figure 23).

Folly Creek Summer Transplant

Native oysters transplanted to Folly Creek (Sta-
tion REO3) in the summer (July 1987) were examined
monthly for P. marinus from July 1987 to June 1988.
Weighted incidence levels ranged from 1.04 (March
1988) to 3.24 (August 1987). Prevalencelevelswere
never <60% in any of the examined months. Thelow-
est observed prevalence (68%) occurred in March
1988. Prevalence levels > 80% were observed in 11
of the 12 (or 92%) sampling months (see Figure 23).

Folly Creek Fall Transplant

Native oysters transplanted to Folly Creek (Sta-
tion REO4) inthefall (October 1987) were examined
monthly for P. marinus from October 1987 to Octo-
ber 1988. During these 13 months of examination,
the lowest weighted incidence (0.52) was observed
in February 1988, the highest (3.08) occurred in Oc-
tober 1987. The lowest prevalence (40%) was ob-
served in February 1988. Prevalence levels > 80%
were observed in 11 of the 13 (or 85%) sampling
months (see Figure 23).

1994 Perkinsus marinus M onitoring Study

Native oysters from 17 coastal sites across South
Carolina were examined for P. marinus during the
summer of 1994. Perkinsus marinus was present in
al the sites examined. Weighted incidence levels
across al sites ranged from 0.28 (Kiawah Creek) to
3.00 (Koppers Creek, an EMAP degraded site), both
occurring in July 1994. Overall, prevalence levels
ranged from 24-100% (see Table 6).

Oysters from Ashepoo (Site 46), Cape Romain
(Site 8) and Wando River (Site 17) were examined
monthly from June to October 1994. Generally,
weighted incidence levels never exceeded 2.00, with
prevalence levels ranging from 16% in the Wando
River to 96% in the Ashepoo River (Figure 24).
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Table 6.  Perkinsus marinus (Dermo) prevalence and intensity in Crassostrea virginica from South Carolina
creeks sampled during summer of 1994 (n = 25 oysters/site on each sampling date).
Weighted
Oyster Stations (Site # *) Date % Prevalence Incidence ¢
Winyah Bay (3) 14 JUN 44 1.48
Bull Bay (9) 21 JUN 96 2.12
Shem Creek (19) 19 JUL 88 1.96
Noisette Creek (20) 19 JUL 60 1.20
Shipyard Creek (21) 30 JUN 16 1.80
12 JUL 88 1.96
Diesel Creek (22) 20 JUL 40 1.04
Plum Island Creek (22a) 22 SEP 100 2.28
Koppers Creek (23) 30 JUN 96 172
12 JUL 100 3.00
Metcalf’s Creek (25) 13 JUL 88 2.04
Clark Sound (26) 17AUG 100 1.88
Lighthouse Creek (28) 4 JUN 88 1.80
12 JUL 92 2.08
Wallace Creek (31) 17 JUN 44 0.64
Kiawah Creek (33) 20 JUN 44 0.56
29 JUL 24 0.28
12AUG 64 152
Long Island (34) 20AUG 80 124
Leadenwah Creek (37) 17 JUN 84 1.72
Fripp Inlet (49) 20 JUN 76 1.32
Jenkin’s Creek (56) 15 JUN 52 0.84

* SeeTables 4 & 5 and Fig. 2 for site locations.
* See Methods for calculation.

Overview of Haplosporidium nelsoni (M SX)

Haplosporidium nelsoni (M SX) wasfirst reported
in South Carolina in 1992 (Dougherty et al. 1993).
The results reported here summarize our subsequent
findings and represent the most comprehensive docu-
mentation of H. nelsoni in South Carolinato date.

A total of 1,924 individuals was examined from
21 sites (Tables 7-9, Figures 25 & 26). Of these, ap-
proximately 8% (or 150 individuals) were infected
with Haplosporidium nelsoni (MSX), with the para-
site present in oysters from 52% (or 11 of 21) of the
sampling stations included here. Prevalence levels
ranged from O to 42% (Tables 7-9, Figures 25 & 26),

with the highest prevalence occurring in oysters from
Toler’'s Cove sampled in October 1994. Of the 150
individuals with H. nelsoni infections, 9% (or 27 of
300) were infected from the Charleston Harbor-Grice
station, 3% (or 28 of 824) from the 1994 South Caro-
linasummer oyster study sites, 8% (or 32 of 400) from
Inlet Creek and nearly 16% (or 63 of 400) from the
Toler’'s Cove Marina site. Disease intensity among
individually infected animal s (25 individual /sampl )
varied from light to heavy. H. nelsoni infectionsranged
from those localized in the gill epithelium to heavy
systemic infections at each of the three sampling sites
(see Tables 8 & 9). For the Summer 1994 Survey,
44% (or 8 of 18) of the sampling stations (Table 7)
had oysters with H. nelsoni infections. Prevalence
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Charleston Harbor-Grice Perkinsus marinus, 1994-1996
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Figure 20. Prevaence (% infected) and weighted incidence (mean infection intensity) of Perkinsus marinus (Dermo) in native
oyster populations from Charleston Harbor-Grice, site #24 (n=25 oysters/month).
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Figure 21. Prevaence (% infected) and weighted incidence (mean infection intensity) of Perkinsus marinus (Dermo) in native
oyster populations from Lighthouse Creek (site #28 ) sampled from 1987-1988 (n=25 oysters/month).

levelsranged from 0 to 32% (Table 7), with the high-
est prevalence occurring in oysters from Koppers
Creek sampled in June 1994. For the Charleston Har-
bor-Grice site (Table 8, Figure 25), sampled monthly
from June 1994 to June 1995, H. nelsoni wasfoundin
oysters from 10 of the 12 (or 83%) months examined
(Table 8, Figure 25). Peak preval ence (24%) occurred
in April 1995. At Inlet Creek (Site 15) and Toler's
Cove (Site 16), sampled from September 1994 to De-
cember 1995, maximum prevaencelevel sof 28% and
42% occurred in October 1994. H. nelsoni was de-
tected in 13 of the 16 (or 81%) months examined for
both sites (Table 9, Figure 26).

DISCUSSION

Diseases caused by P. marinusand H. nelsoni have
had a combined impact to significantly reduce oyster
production in the Chesapeake and Delaware Bays,
among others(e.g., Lewiset a. 1992, Ewart and Ford
1993, Ford and Tripp 1996). P. marinus has been de-
tected in its oyster host, Crassostrea virginica (Ray
and Mackin 1955, Andrews 1965, Ford and Tripp
1996) inthe Gulf of Mexico (Quick and Mackin 1971,
Hofsetter 1977, Ray 1987, Soniat 1996), the north-
east (Paynter and Burreson 1991) and the southeast
(Burrell et al. 1984, Crosby and Roberts 1990, Bobo
et a. unpublished data), where the most important
oyster producing regions have historically been found
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Folly Creek-Oyster Transplants, 1987-1988
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Figure 22. Prevalence (% infected) and weighted incidence
(mean infection intensity) of Perkinsus marinus
(Dermo) in oysters transplanted to the high and low
intertidal zonesat Folly Creek, site#29 (n=25 oysters/
month).

in the United States. This pathogen continues to be
responsible for significant population declines
throughout the northeast (e.g., Maryland, Virginia,
New Jersey), southeast (e.g., North Carolina) and Gulf
of Mexico.

Similarly sincethe 1950s, Hapl osporidium nel soni
(MSX) has contributed to significant oyster popula-
tion declines in planting areas and seed beds in the
Delaware and Chesapeake Bays (Haskin and Andrews
1988). In South Caroling, it has only recently been
detected, with little information currently available
beyond reporting its presence/absence (Crosby and
Roberts 1990, Dougherty et a. 1993, Bobo et al. 1996,
Baobo et al. unpublished data).

Perkinsus marinus (Dermo) Patterns

In South Carolina between 1972 and 1996, over
21,000 oysters from over 60 sites were examined for
the presence of Perkinsus marinus. Although most of
these sites were not sampled continuously (i.e. col-
lectionswere made in conjunction with specific short-
term objectives resulting in spatial and temporal in-
consistenciesoveral), several interesting patternswere
evident. First, Perkinsus marinuswas present (as mea
sured by prevalence) at all of the sites examined and
throughout all months of the year (see Tables 4 & 5,
Figures2 & 3 for overview). The highest prevalence
and intensity levels were observed during the sum-
mer and fall months, (see Figures4 & 8) with the sea-
sonal patterns of infection most similar to observa-
tions made for Gulf of Mexico populations (Craig et
al. 1989).

Second, average infection intensities (weighted
incidence) never exceeded 4.0 on the Quick and
Mackin (1971) scale (0-6), with infection intensities
rarely exceeding 3.0. Over the 24 year period cov-
ered by thisreport, only 5% (or 42 of 831) of all com-
posite oyster samples equaled or exceeded intensities
of 3.0 (Figure4). Similar low mean prevalence values
have also been observed in studies focussed in the
North Inlet Estuary, South Carolina (David Bushek
unpublished data). These findings are quite different
from patterns observed in the northeast, where P.
marinus intensities often exceed 4.0, with significant
Perkinsus-rel ated mortalities occurring (Bushek et al.
1994, Ford and Tripp 1996). Weighted incidence val-
ues of 4.0 or greater are often common in northeast-
ern oyster populations, especialy in heavily infected
gapers (Andrews 1988). Meyers et a. (1991) found
weighted incidence val ues approaching or exceeding
4.0 in diploid and triploid Crassostrea virginica in
Virginia. P. marinusseverity levelsexceeding 4.0 have
al so been observed at many siteswithin the Maryland
portion of the Chesapeake Bay (Smith and Jordan
1992). Hence, while P. marinus prevalence is typi-
cally high in South Carolina oysters, infection inten-
sities arerelatively low (< 3.0).

A third interesting pattern also emerged in our
data. At most of the South Carolina sites surveyed in
the 1970s, intensity levels were relatively low (see
Figures5 & 9). Of all the combined oyster samples
taken from 1972 to 1979, no single mean value ex-
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Folly Creek Relay, 1986-1988
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transplanted to Folly Creek, site #29 (n=25 oysters/month).

ceeded the P. marinus intensity threshold of 3.0; in
fact most mean valueswerelessthan 0.5 (Figures5 &
9). In contrast, for samples from the 1980s, 13% (or
30 of 230) of the sample means were greater than or
equal to 3.0. Infact, 71% (30 of 42) of all observed
“elevated” values from 1972 to 1996 were collected
during that period (compare Figures5 & 9 and 6 &
10). Comparing these two decades, P. marinus inten-
sities appear to have risen dramatically during the
1980s, as compared to the previous decade. Finally,
during the 1990s, 4.7% (or 12 of 256) of the sample
means were greater than 3.0, with 29% (or 12 of 42)
of al mean intensities exceeding 3.0 observed. Thus,
it appearsthat P. marinusinfectionsincreased signifi-
cantly in the 1980s and have remained elevated dur-
ing the 1990s. Care must be exercised, however in
drawing these temporal interpretations, as sample
sizes, spatial scales, associated site attributes (salini-
ties, development, etc.) and included sampling period
(7-10years) havevaried considerably. We simply have
no sites to compare that were monitored, even spo-
radically over these three decades.

Specificaly, from the late 1980s and 1990s sev-
eral sites (Toogoodoo, Cherry Point, Church Creek,
Toler's Cove, Inlet Creek, and Charleston Harbor)
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showed a pattern of P. marinus infection intensities
similar to those documented elsewhere in the south-
east (Crosby and Roberts 1990, O’Beirn et al. 1994,
19964). Intensity increased in the spring, followed
by peak levelsin late summer/early fall, with infec-
tion levels at most sites decreasing during winter
months (Figures4-11). Infection prevalencestypically
decline to near zero during the late winter in Chesa-
peake and Delaware Bays (Andrewsand Hewatt 1957,
Andrews 1988). In contrast, prevalence typically re-
mains high throughout the year in South Carolina es-
tuaries (Burrell et al. 1984, Crosby and Roberts 1990,
and thisstudy, Figures4-11). Similar resultshave been
observed in Georgia and on the east coast of Florida
(Quick and Mackin 1971, O'Beirnet al. 1994, 1996a),
aswell asat sites along the Gulf of Mexico (reviewed
by Soniat 1996).

Here, significant differences in P. marinus infec-
tion levels were observed in fewer than 30% of the
high and low intertidal monthly comparisons from
Cherry Point (Site 35), Church Creek (Site 32) and
Toogoodoo River (Site 36) between 1986 and 1995.
Similarly, Burrell et a. (1984) found no significant
difference in P. marinus levels between subtidal and
intertidal oysters sampled from the Wando River and
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Table 7.  Haplosporidiumnelsoni (M SX) prevalence and intensity in Crassostrea virginica from South Carolina
creeks sampled during summer of 1994.

H. nelsoni Intensity
Oyster Stations (Site #*) Date Infected/Examined % Prevalence H-M-Le
Winyah Bay (3) 14 JUN 0/25 0 0-0-0
Cape Romain (8) 13 JUN 0/25 0 0-0-0
13 JUL 0/25 0 0-0-0
10AUG 2/25 8 0-1-1
8 SEP 1/25 4 0-1-0
6 OCT 1/25 4 0-0-1
Bull Bay (9) 21 JUN 0/25 0 0-0-0
Wando River (17) 3 JUN 0/25 0 0-0-0
19 JUL 0/25 0 0-0-0
17AUG 0/25 0 0-0-0
15 SEP 0/25 0 0-0-0
17 OCT 0/25 0 0-0-0
Shem Creek (19) 19 JUL 0/25 0 0-0-0
Noisette Creek (20) 19 JUL 4/25 16 2-0-2
Shipyard Creek (21) 30 JUN 2/25 8 1-0-1
12 JUL 0/25 0 0-0-0
Diesel Creek (22) 20 JUL 0/25 0 0-0-0
Plum Island Creek (22a) 22 SEP 3/25 12 0-0-3
Koppers Creek (23) 30 JUN 8/25 32 1-1-6
12 JUL 1/25 4 0-0-1
Metcalf’s Creek (25) 13 JUL 0/25 0 0-0-0
Lighthouse Creek (28) 4 JUN 0/25 0 0-0-0
12 JUL 0/25 0 0-0-0
Wallace Creek (31) 17 JUN 0/25 0 0-0-0
Kiawah Creek (33) 20 JUN 1/25 4 0-0-1
29 JUL 2/25 8 1-1-0
Leadenwah Creek (37) 17 JUN 124 4 0-0-1
Ashepoo River (46) 23 JUN 0/25 0 0-0-0
25 JUL 1/25 4 0-1-0
23 SEP 1/25 4 0-0-1
20 OCT 0/25 0 0-0-0
Fripp Inlet (49) 20 JUN 0/25 0 0-0-0
Jenkin’s Creek (56) 15 JUN 0/25 0 0-0-0

* SeeTables 4 & 5 and Fig. 2 for site locations.
* See Table 3 for explanations.
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Perkinsus marinus at Summer Sites, 1994 Charleston Harbor-Grice MSX, 1994-1995
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Figure 26. Prevalence of Haplosporidium nelsoni (MSX) in
native oyster populationsfrom Toler’s Cove Marina,
site #16 (developed site) and Inlet Creek, site #15
(reference, control site) (n = 25 oysters/site, 5
replicate samples).
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Table 8.

Haplosporidium nelsoni (MSX) infection intensity in Crassostrea virginica from Charleston Harbor-

Gricein 1994-1995 (n=25 oysters/month, See Fig. 25 for prevalence levels).

Infection intensity

Infection category

Month H-M-L* G-LSHS

1994 June 2-0-2 2-0-2
July 3-0-1 4-0-0
Aug NS NS
Sep 0-2-2 2-2-0
Oct 1-0-1 1-0-1
Nov 0-1-1 1-1-0
Dec 0-0-1 0-1-0

1995 Jan 0-0-0 0-0-0
Feb 0-0-0 0-0-0
Mar 1-0-0 0-0-1
Apr 3-2-1 1-3-2
May 0-2-0 1-1-0
June 0-0-1 1-0-0

* See Table 3 for explanations.
NS - no sample taken

Cape Romain in South Carolina. Studiesin Virginia
(Gibbons and Chu 1989) and Georgia (O'Beirn et al.
1994, 19964a) have found similar results.

Resultsfrom the Toogoodoo and Cherry Point sites
(see Figure 27) were similar to those obtained by
Crosby and Roberts (1990) for North Inlet, South
Carolina. They described a four-phase cycle for
Perkinsus marinus epizootiology. Phase 1 (quiescent
period) typically occursin February, March and April
when low mean intensity levels occur. During most
of phase 1 there are some oysters with no detectable
infections. Phase 2 (pre-virulent period) generally
occurs during May, June and July, when a dramatic
increasein monthly mean intensity levelsisobserved.
Thetransition from amaximum intensity level of 5to
the maximum of 6 is observed in individual (versus
mean) oysters. Similar variation inintensity has been
observed in our 24 years of sampling, with oysters
individually having intensities ranging from 0 to 6.0.
However, weighted incidences (i.e. mean intensity
levels as discussed above) based on sample sizes of
25 or moreoystersrarely yielded averagelevelsgreater
than 3.0. Phase 3 (virulent infection stage), which
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occursduring August, September and October is char-
acterized by peak intensities, with few or no oysters
free of Perkinsus. Thispeak ininfectionintensity has
also been observed here (e.g., Toler’s Cove, Inlet
Creek, Lighthouse Creek) during the same period (see
Figures 12 and 21). Although some sampling periods
did show individual oysters within the sample popu-
lation with no infection, 58% (or 30 of 52) of the
months sampled showed oysterswith infection levels
ranging from 1to 6. Finally, phase4 (remission stage)
occursduring November, December and January, with
mean monthly infection intensities declining and most
individual oysters examined having intensity levels
<6.0.

Environmental Patterns Affecting
Perkinsus marinus

Temperature and salinity are important factors
affecting the epizootiology of Perkinsusmarinus (e.g.,
Mackin 1951, 1962, Hewatt and Andrews 1956, Quick
and Mackin 1971, Ogleand Flurry 1980, Soniat 1985,
Ray 1987, Burreson and Andrews 1988, Gauthier et
al. 1990). InNorth Inlet Estuary, Crosby and Roberts
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Table9.  Haplosporidium nelsoni (MSX) intensity in Crassostrea virginica from Toler’s Cove Marinaand Inlet
Creek studiesin 1994-1995*. (n=25 oysters/month, See Figure 26 for prevalence levels).
Infection intensity Infection category
Inlet Toler’'s Inlet Toler’s
Month (H-M-L)* (H-M-L)* (G-LSH9)* (G-LSH9)*
1994 Sep 0-1-0 0-2-1 1-0-0 2-0-1
Oct 2-0-5 7-2-2 5-0-2 4-1-6
Nov 0-3-2 0-2-1 2-3-0 3-0-0
Dec 0-1-1 1-1-3 1-1-0 2-2-1
1995 Jan 0-1-0 6-0-4 1-0-0 5-1-4
Feb 0-0-1 2-2-2 1-0-0 4-2-0
Mar 1-2-2 1-1-2 2-2-1 2-1-1
Apr 1-1-2 0-3-4 2-1-1 3-4-0
May 0-0-2 1-3-2 1-1-0 1-4-1
June 0-0-1 2-1-2 1-0-0 4-1-0
July 0-0-1 0-0-0 1-0-0 0-0-0
Aug 0-0-0 0-0-1 0-0-0 1-0-0
Sep 0-0-0 0-0-1 0-0-0 1-0-0
Oct 1-0-0 0-0-0 1-0-0 0-0-0
Nov 0-0-0 0-0-0 0-0-0 0-0-0
Dec 0-1-0 0-1-0 1-0-0 0-1-0
*See Table 3 for explanations.

(1990) found a positive correlation between elevated
water temperature and P. marinus infection intensity
in South Carolina oysters. In contrast, other studies
(e.g., Burrell et al. 1984, Craig et al. 1989) found no
relationship between water temperature and infection
intensity. In Gulf Coast oysters, neither prevalence
nor median infection intensity was correlated with
temperature based on samples taken on the day of
collection (Wilson et al. 1989, Soniat 1996). How-
ever, the overall temperature regime experienced by
oysters during the time proceeding sampling is criti-
cal for understanding the distribution of P. marinus.
Crosby and Roberts (1990) measured water tempera-
turesdaily over month-long periods and demonstrated
that this is a better representation of the history of
environmental exposure. Beckert et al. (1972) noted
a6-week timelag between the declinein winter water
temperature and adecreasein infection intensity. Ray
(1987) has stressed that P. marinusinfectionsdevelop
rapidly only above 20°C. Similarly, Lewiseta. (1992)
found no statistical correlation between water tem-
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perature and diseaseintensity intheir study of oysters
in Georgia. For our South Carolina collections, most
water temperatureswere taken at thetime of sampling,
with the exception of our long-term oyster reef stud-
ies at the Toler’'s and Inlet sites, using Hydrolabs and
intertidal temperature sensors (see Methods Section).
Using the extensive data collected at these two sites,
we may be better able to examine the relationship be-
tween diseaseintensity levelsand physical factorssuch
as air and water temperatures and salinity.

For South Carolina oyster populations, intertidal,
rather than subtidal temperature regimes are probably
more relevant measurements for understanding oys-
ter physiology and associated disease patterns (D.
Bushek pers. comm., L. Burnett pers. comm.). This
intertidal habit exposes them to a microenvironment
whose winter and summer daily temperature fluctua-
tions often exceed 20°C or more, with extended sum-
mer exposed temperatures nearing 54°C or 129°F (Fig-
ureA-10, Coen et al. unpubliahed data). Despitethis,
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Four-Phase Perkinsus marinus Cycle
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Figure 27. Mean infection intensity of Perkinsus marinusin oysters from Toogoodoo Creek (site #36) and Cherry Point (site #35).
Monthly data (1986-1991) are combined for each site to illustrate Crosby and Roberts (1990) four phase P. marinus cycle.

P. marinus does not appear to produce the high mor-
talities often observed in the northeast or Gulf of
Mexico. Asshown in Figure A-9, agreat deal of tem-
poral variation in water/air temperatures is encoun-
tered by an intertidal oyster (see aso O’Beirn et al.
1996b). Future work will explore the relationship
between temperature (both intertidal and subtidal) and
disease intensity. Ongoing work in L. Burnett's lab
(e.g., Dwyer and Burnett 1996) on the interaction be-
tween aerial exposure, oyster physiology and P.
marinus may shed some light in thisregard.

Significantly, our extensive 24 year dataset (sum-
marizedin Figures4 & 8) supportsthe conclusion that
the most severe P. marinus intensities (> 3.0) always
occur during the summer and early fall months, with
winter declines. However, no time exists when oys-
ter populations are completely free of the pathogen
(Figures4 & 8). Differences between South Carolina
and regions further north, do not appear to explain
observed differences in the impact of P. marinus.
South Carolina’ s winters are milder and its reproduc-
tive season longer, ascompared to more northern oys-
ter growing areas. Warmer temperatures generally fa-
vor Perkinsus marinus (Andrews 1988), suggesting
that it should be more of aproblem in South Carolina,
than in the Chesapeake or Delaware Bays, but oysters
here apparently are not subject to the mass mortalities
commonly observed in the northeast (Dame 1993 and
references therein, Coen et al. 1997, W. D. Anderson
SCDNR pers. comm.). Surprisingly, as shown at the
long-term oyster research sites, summer intertidal ex-
posure temperatures (often greater than 50°C) should
favor very high P. marinus levels; however, work in

progress suggests that el evated temperatures may kill
the parasite (Bushek et al. 1996c¢).

Many studies have observed acorrelation between
Perkinsus marinus infection intensity and prevalence
with variation in salinity (Soniat 1985, Ray 1987,
Crosby and Roberts 1990, Powell et al. 1992). For
example, Gauthier et al. (1990) found that P. marinus
infection washighly correlated with large scale, long-
term climatic conditions. Many investigations have
also indicated that oyster mortality due to P. marinus
infection has been suppressed at low salinities (Ray
1954, Andrews and Hewatt 1957, Scott et al. 1985,
Ragone and Burreson 1993). In fact, Ragone and
Burreson (1993) indicated that 9 - 12 ppt wasthecriti-
cal rangefor P. marinus activity; however, P. marinus
in oysters exposed to low salinities (6 - 12 ppt) for
nearly 2 months at temperatures >20°C wasnot eradi-
cated. Ragone and Burreson (1993) also indicated
that infected oysters exposed to low salinities did re-
duce oyster mortality; however, a decrease in
Perkinsus marinus prevalence was not observed.

Enigmatically, most South Carolina oyster popu-
lationsinhabit estuarieswith year round salinitiestypi-
cally in the range of 20 - 35 ppt. Crosby and Roberts
(1990) noted that although salinity was correlated with
P. marinus infection in South Carolina, changes in
salinity only accounted for 3.6% of the variability in
infection intensity. Similarly, Craig et al. (1989) in-
dicated that salinity explained only 20% of the site-
to-site variability in infection intensity in Gulf Coast
oysters. Only for the Toler’'s Cove and Inlet Creek
sites (Sites 15 & 16) do we have extensive long-term
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physical data sets (48 min intervals over two years
using Hydrolab sensors). For all other sites, salinity
values are from single surface measurements taken
on the day of sampling. These values do not reflect
the range of salinities and/or temperatures to which
an oyster isexposed, whichisnecessary to fully evalu-
ate the interaction between disease and environmen-
tal factors (Craig et a. 1989, Coen et a. 1995, 1997,
unpublished data).

Haplosporidium nelsoni Patterns (M SX)

Hapl osporidium nelsoni caused high mortalities
in oyster planting and seed beds in Delaware and
Chesapeake Baysinthelate 1950s (Haskin et al. 1965,
Haskin and Andrews 1988). Oyster production in
Delaware Bay had dropped from about 8 million
pounds of meats in 1953 to 167,000 pounds by 1960
partialy adirect result of H. nelsoni (Sindermann and
Rosenfield, 1967). Similarly in Chesapeake Bay, oys-
ter production fell from 39.2 million pounds of oyster
meatsin 1955 to lessthan 4.1 million poundsin 1989
(USDOC 1990, as cited in Lewis et al. 1992).
Perkinsus marinus and H. nelsoni had a combined
effect in reducing oyster production in Chesapeake
Bay to record lows (Lewis et al. 1992).

H. nelsoni has been found previously in South
Carolina (Dougherty et a. 1993, Bobo et a. 1996,
Bobo unpublished data). However, itsgeographic dis-
tribution in South Carolina, asindicated in this study,
is unknown. A total of 1,924 individuas has been
examined from 21 sitessince 1994. Of these, approxi-
mately 8% (or 150 individuals) were infected with
Haplosporidium nelsoni (MSX), with the parasite
present in oysters from 52% (or 11 of 21) of the sam-
pling stations. Disease intensity among individually
infected animals varied from light to heavy. Preva
lence levelsranged from to 0 - 42%, with the highest
prevalence occurring in oysters from Toler's Cove
sampled in October 1994. Of the 150individualswith
H. nelsoni infections, 9% (or 27 of 300) wereinfected
from the Grice-Charleston Harbor station, 3% (or 28
of 824) were infected from the 1994 South Carolina
Summer Oyster Study sites and 8% (or 32 of 400)
from Inlet Creek and nearly 16% (or 63 of 400) from
the Toler’s Cove Marina site.

In comparison, Crosby and Roberts (1990) did not
detect H. nelsoni in oysters examined in June 1988

from North Inlet Estuary, South Carolina. Elsewhere
in the southeast, for example in North Carolina,
Morrison et al. (1992) examined oyster hemolymph
for H. nelsoni. Thirty-one percent of their sites de-
tected H. nelsoni. In Georgia, H. nelsoni was not ob-
served in oyster samples from 1966 and 1968, but,
wasfirst observed in January 1986 (Lewiset al. 1992).
Although heavy (7.0 on their scale) H. nelsoni inten-
sity levelswere observed in afew of their oysters, H.
nelsoni was probably not the principal agent respon-
siblefor mortalities because of itslow preval ence and
intensity in the sample population; the parasite was
diagnosed in only eight animals from four sites dur-
ing 1986 and 1987 (Lewis et al. 1992). To date, no
mortalities have been documented in South Carolina
dueto H. nelsoni, despite our apparently higher preva-
lence.

Littlewood et al. (1990) studied Haplosporidium
nelsoni infections in Crassostrea virginica grown at
fiveintertidal levels. Although these researcherscon-
cluded that there was no statistically significant dif-
ference in H. nelsoni infection rates of subtidally-de-
rived oysters grown at varying intertidal levels, adif-
ferent responseto H. nel soni may occur in native South
Carolina intertidal oysters. South Carolina oysters,
which typically encounter long periods of submer-
gence and exposure with extreme temperature ranges,
may respond differently to both H. nelsoni and P.
marinus disease challenges as compared to subtidal
oyster populations from the northeast or Gulf of
Mexico.

Management I mplications

Lewiset al. (1992) suggest that the following key
strategies be considered to minimize the effects of the
disease caused by P. marinus: (1) avoid diseased seed
stock transplantation; (2) reduce the time oysters are
exposed to the disease, either by reducing the legal
harvest size of oysters or by planting seed in the fall
and winter after the disease progression has been
slowed due to decreased water temperatures; and (3)
isolate grow-out areas from identified diseased areas
(Andrews and Ray, 1988). Bushek and Allen (1996a)
recommend that management programs be made aware
of the potential danger of spreading P. marinus races
when relaying oysters, restocking oyster beds, and/or
not restricting effluents from shucking houses. Be-
cause of elevated water temperaturesin the southeast,
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Andrews and Ray (1988) suggest that management
strategies may be different for the Gulf of Mexico
versusthe Chesapeake Bay. We do not currently know
if P. marinus from different locales vary little or con-
sist of many discreteraces. Hence, research from one
locale may not betransferabl e to another (Bushek and
Allen 19964), especialy if environmentsvary. These
may apply to South Carolina oyster/parasite popula-
tions. South Carolina’s climate is warmer and oyster
bedsare primarily intertidal (see Introduction Section).
As indicated by Lewis et al. (1992) for Georgia, it
may be reasonable to expect differences in the ecol-
ogy and dynamics of pathogens in the southeast, as
compared with the northeastern United States. Re-
cent ongoing studies reported at the National Shell-
fish Association meetings (Bobo et al. 1996, Coen et
al. 1996, Hadley et al. 1996) support this. Ragone
and Burreson (1993) suggested that in order to reduce
oyster mortality, disease levels and salinities on oys-
ter reefs be closely monitored, and be taken into con-
sideration when deciding harvesting and management
strategies.

Hapl osporidium nelsoni istypically intolerant of
salinities below 10 ppt (Andrews 1964, Haskin and
Ford 1982, Ford 1985), leading managers to empha-
size the use of lower salinity growout areas to mini-
mize the effects of H. nelsoni on oysters (Ford and
Haskin 1988). The introduction of infected animals
into previously unaffected sites viatransplantation of
seed and shell stock may be of great concern (Lewis
et a. 1992 and references therein). Ewart and Ford
(1993) also indicated that transferring wild oysters
from infested to non-infested areas should be avoided.
Elsewhere, mortalitieswith long-lasting consequences
has been linked to the movement of shellfish stocks
(Farley 1992). Perhapsthe progressive spread of dis-
eases within Chesapeake Bay may be linked to the
movement of infected seed stock (Lewiset al. 1992).

The development of disease-resistant stocks
through selective breeding techniques is an alternate
management strategy (Haskin and Ford 1979, Ford
1987, Ewart and Ford 1993, Bushek and Allen
1996a,b). Cheng et al. (1994) suggested that C.
virginica with lathyrose on the hemocyte surface may
serve as a marker for innate resistance to H. nelsoni.
However, Ford and Haskin (1988) noted that extremely
heavy H. nelsoni infection pressure can overwhelm
resistant strains. There has been no successin select-

ing strainsfor resistance to P. marinusinfection (Ewart
and Ford 1993).

There has historically been less fishing pressure
on South Caralina oysters than those populations in
either the Chesapeake or Delaware Bays. This may
be the result of: (1) differencesin growth form as de-
scribed above (i.e. dense clusters are more difficult to
market); (2) labor shortages; and (3) loss of a can-
nery-based industry. Because South Carolina's oys-
ter industry has historically been relatively small when
compared to that in either Chesapeake and Delaware
Bays or the Gulf of Mexico, it has been suggested
that harvesting, which selects the larger, more resis-
tant oysters, may slow or even prevent the devel op-
ment of resistant populations (Ray, cited in Ford and
Tripp 1996). Lessfishing pressurein South Carolina
may have enabled more of these ‘resistant’ oystersto
survive and select for resistant population. Bushek
and Allen (1996b) in their work with races of P.
marinus indicate that parasite races may serve anim-
portant role in the development of resistant oyster
stocks. Hence, South Carolinaintertidal oysters may
contribute to the production of resistant oystersin fu-
ture selective breeding efforts.

Recommendations, Current and Future Work

Since 1986, anecdotal reports from oystermen
have suggested that oyster die-offsin South Carolina
have increased. A variety of factors may have con-
tributed to these dieoffs, including pathogens and en-
vironmental conditions. A systematic statewide sur-
vey for oyster diseases and associated conditions is
reguired to obtain information needed to assessif these
reports are symptomatic of a widespread problem.
Such a study would provide baseline information to
address thisimportant issue. In addition, knowledge
on oyster condition could be compared to our histori-
cal baseline data to assess the magnitude and direc-
tion of any present and future trends. Recently, we
have initiated an intensive long-term study at several
sites (Oyster Reef Ecosystem Project) supported by
SCDNR, the SC Sea Grant Consortium and SC Ma
rine Recreational Fisheries Stamp Program. Thispro-
gram has begun to gather the information required to
assess the value and function of intertidal oyster reef
habitats, which are quite distinct from subtidal oyster
reef habitats that are predominant in other areas
(Wenner et al. 1996, Coen et a. 1997).
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This year (1996-1997), MRRI's Shellfish Re-
search Section and OFM’s Shellfish Management
Section haveinitiated ajoint monitoring program sup-
ported by SCDNR and revenue funds to initiate the
first state-wide shellfish disease monitoring/research
program to assist the SCDNR in its mission to protect
and conserve the state’s natural resources. We will
determine Perkinsus marinus (Dermo) and
Haplosporidium nelsoni (MSX) diseaselevelsin na
tive popul ations from approximately 60 sitesthrough-
out South Carolina. The proposed program’s objec-
tives are to generate a broad scale P. marinus and H.
nelsoni status and trends evaluation of selected sites
in South Carolina estuaries. A smaller scale compo-
nent will evaluate growth, spat set and the epizootiol-
ogy of the above diseases by building on our initial
Oyster Reef Ecosystem Project resultsusing MRRI’s
specific-pathogen-free (SPF) oysters. Oyster disease
monitoring will provide information on the annual
abundance and distribution of P. marinus and H.
nelsoni for resource managers, resource constituents
and scientists. Disease abundance and distribution data
iscritical in making sound management decisions re-
lating to shell transplant efforts, where to plant seed
oysters and when to harvest to minimize loses from
diseases. Theabove disease monitoring program will
also provide information to better understand the re-
lationship between environmental factors and distri-
bution and abundance of both pathogens. This will
increase our future predictive capabilities, asenviron-
mental conditions change.

To date, our research efforts on oyster reefg/dis-
ease have resulted in: (1) first seasonal data set of
Haplosporidium nelsoni in SC (also Perkinsus
marinus) with associated environmental data; (2) ini-
tiation of a broader scale P. marinus and H. nelsoni
summer sampling program across South Caroling; (3)
large scale production of specific-pathogen-free (SPF)
oysters for disease research; (4) assessment of the
use of SPF-oystersasanindicator of ecosystem health
(growth rates, onset of disease, mortality rates); (5)
experimental studies quantifying use of oyster reefs
by fishes and crustaceans and; (6) use of experimen-
tal oyster reefs to evaluate development, value and
functional importance as a critical habitat.

The importance of assessing the intensity and
prevalence of oyster diseasesin SC includes: (1) dis-
ease data gathered will assist in answering questions

concerning when die-offs occur. Infection intensity
levels are valuabl e tools in assessing possible causes;
(2) it will address why SC oysters have remained
abundant in the face of these two diseases, compared
to other areas. Thisisimportant for management, and
reguires monitoring the status of our populations; (3)
continue monitoring our oyster populations for H.
nelsoni infections monthly is critical in determining
disease patterns. Could there be apotential problem?
Is H. nelsoni common throughout SC estuaries?; (4)
if die-offs start to occur more frequently, we need to
assist in a possible relaying management strategy by
indicating areas of least intensity and prevalence.
However, we should be very cautious regarding mov-
ing oysters around the state. Only through a planned
monitoring program can we avoid some of the risks
that may occur and; (5) experimental studies on the
onset of diseases, utilization of the body burden tech-
nique for disease certification and to assess very light
P. marinus infections, and the possible resistance of
SC oysters provide important information.
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APPENDIX A

TableA-1. Perkinsus marinus weighted incidence (mean infection intensity) and prevalence (% infected) in
Crassostrea virginica from stations in Region B (one time samples) during 1987-1993, (n=25 oysters/

site).
Station (Site #)* Date of Sampling Weighted Incidence % Prevalence
Fishing Creek (43) OCT 87 3.32 100
Fishing Creek (43) MAR 88 1.00 64
Frampton Creek (40) APR 88 112 71
Alston Creek (18) JUL 88 3.50 100
Scott Creek (41) OCT 88 2.72 96
Fishing Creek (43) OCT 89 2.00 100
South Edisto (45) OCT 89 1.00 100
Ashepoo River (46) OCT 89 212 100
Long Creek (34) MAY 90 0.40 32
Inlet Creek (15) OCT 90 2.76 100
Venning Creek (10) JUN 91 2.60 100
Wallace Creek (31) OCT 91 1.84 100
Tom Point Creek (39) JUL 92 2.76 100
Venning Creek (10) JUL 92 2.32 98
Secessionville (27) JUL 92 2.60 100
Swinton Creek (14) JUL 92 3.29 100
Price’sInlet (11) APR 93 0.36 28
Long Creek (13) JUL 93 1.45 67

*See Tables 4 & 5 and Fig. 2 for site locations.

Table A-2. Perkinsus marinus weighted incidence (mean infection intensity) and prevalence (% infected) in
Crassostrea virginica from stations in Region C (one time samples) during 1987-1993, (n=25 oysters/

site).
Station (Site #)* Date of Sampling Weighted Incidence % Prevalence
Story Creek (50) SEP 87 2.83 100
Skull Creek (62) SEP 88 1.96 92
Hazard Creek (58) OCT 88 2.28 100
Chowan Creek (54) OCT 91 1.68 96
Warsaw Flats (52) OCT 91 2.55 100
Distant Island Creek (53) NOV 91 2.60 100
Chechesee Creek (60) JUL 92 2.76 92
Mackay Creek (61) OCT 92 3.10 100
* See TableA-1
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Table A-3. Site characterization chart of all stations sampled. Listed are environmental data ranges, sampling dates and
oyster sample habitats. Sites characterized as “ degraded” (Ringwood et al. 1995) have clear and distinct eleva-
tionsin sediment contaminants.

Station Temperature Salinity Sampling Habitat + Remarks
Range (°C) Range (%) Dates

1. Murrel’slnlet 1988* OFM

2. Litchfield 1988 * high & low intertidal OFM

3. WinyahBay 28.0 36.0 1994 *

4. North Santee 5.0-22.0 1972 - 1979 subtidal

5. South Santee 28.0 22.0 1972 - 1977 subtidal & intertidal OFM

6.  Alligator Creek 9/72; 11/72; 12/73 subtidal Native and Wando Transplants

7.  Casino Creek 10.0 17.0 1986* subtidal

8.  CapeRomain 320 23.0-34.0 1989 - 92; 1994 pristine; subtidal OFM

9.  BullBay 7.0-30.0 22.0-350 1977 - 1979; 6/94 subtidal & intertidal

10.  Venning Creek 28.0 30.0- 34.0 1991* subtidal & intertidal OFM

11.  Price'slnlet 13.0-36.0 24.0 1993* OFM

12. Capersinlet 13.0-32.0 20.0- 36.0 1981; 1984; 1989; 1990-91 subtidal & intertidal

13. LongCreek 27.0 32.0 1990* pristine; intertidal OFM

14.  Swinton Creek 1992* intertidal OFM

15. Inlet Creek + 1.2-36.0 14.6-37.8 10/90; 1994 - 1995 pristine; intertidal MRRI oyster reef project

16. Toler'sCove Marina+ 34-340 19.7- 355 1994 - 1995 developed; intertidal MRRI oyster reef project

17.  Wando River 7.0-320 5.0-19.0 1973 - 1977; 6/89 subtidal Temp & salinity ranges are from

all stationsin Wando

18.  Alston Creek 1988* subtidal OFM

19. Shem Creek 26.5-28.0 3.0- 310 1994* degraded; intertidal EMAP,CHP

20. Noisette Creek 10.0 1994* degraded; intertidal EMAP

21. Shipyard Creek 245-28.0 11.0-23.0 11/93; 6 - 7/94 degraded; intertidal EMAP; CHP

22. Diesel Creek 27.0-34.0 14.0-22.0 1994* degraded; intertidal EMAP; CHP

22a. Plumlsland Creek 224 1994*

23.  Kopper's Creek 24.0- 29.0 19.0- 23.0 10/93; 6 - 7/94 degraded; intertidal EMAP; CHP

24.  Charleston Harbor/

MRRI/Grice 12.0- 31.0 15.0- 255 1994 - 1995 pristine; intertidal MRRI monthly monitoring station

25. Metcalf Creek/ Stono 28.0-35.0 11.0-21.0 1994* degraded; intertidal CHP

26. Clark Sound 1994* intertidal

27.  Seccessionville Creek 1992* intertidal OFM

28. Lighthouse Creek 29.0- 320 11/93; 6 - 7/94 intertidal EMAP; CHP

29. Folly Creek * intertidal

30. Stonolnlet * intertidal

31. Wallace Creek 23.0-275 28.0-30.0 1991;1994* intertidal OFM

32. Church Creek 8.0-31.0 10.0-31.5 2/93 - 2/95 intertidal

33. Kiawah Creek 10/77; 6 - 8/94 intertidal

34. Longlsland 24.0-32.0 26.0- 320 1993* intertidal OFM

35. Cherry Point 9.0- 310 21.0- 36.0 9/86 - 2/95 intertidal

36. Toogoodoo Creek 13.5-31.0 15.0- 24.0 9/86 - 12/91 intertidal

37. Leadenwah Creek 1994* intertidal EMAP

38. North Edisto Inlet * intertidal

39. Tom Point Creek 1992* intertidal

40. Frampton Creek 22.0 28.0 1988* intertidal

41.  Scott Creek 22.0 35.0 1988* intertidal OFM

42. St Pierre’s Creek 275 1980* pristine; subtidal Transplanted from Beresford Creek

43.  Fishing Creek 22.0 27.0 1973 - 1974; 3/88 intertidal OFM

44. Bailey Creek 1980* subtidal Transplanted from Beresford Creek

45.  South Edisto Inlet 20.0- 25.0 1989* intertidal

46. Ashepoo River 9.0-30.0 19.0-31.0 1989;1994* intertidal

47. St HelenaSound 20.0- 25.0 1994* pristine; intertidal EMAP

48.  South Wimbee Creek 1973 - 1974 subtidal Transplanted from Wando River

49.  FrippInlet 28.0 28.0 1994* intertidal

50. Story River 36.0 1988* intertidal

51. Coosaw at Brickyard Point 14.0 1983* intertidal

52. Warsaw Creek 22.0 23.0 1991* intertidal OFM

53. Distant Island Creek 1991* intertidal OFM

54. Chowan Creek 22.0 30.0 1991* intertidal

55. McCally’sCreek 13.0 * intertidal

56. Jenkin's Creek 28.0 34.0 1994* intertidal

57.  Port Royal Sound 24.0-27.0 * intertidal

58. Hazard Creek 22.0 24.0 1988* intertidal OFM

59. Colleton River 22.0- 30.0 27.0-30.0 10/86; 1988; 11/89 high & low intertidal

60. Chechesee Creek 24.0-27.0 1992* intertidal OFM

61. Mackay Creek 21.0 32.0 1986 - 1987; 10/92 intertidal OFM

62.  Skull Creek 1986 - 1987, 9/88 intertidal OFM

* Denotes stations sampled |ess than 3 times; OFM, stations monitored by the Office of Fisheries Management; EMAP, stations monitored by the Environmental Monitoring
Assessment Program; CHP, stations monitored by the Charleston Harbor Project; + Habitat of areafrom where oyster samples were taken; + see FigureA-10.
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Figure A-1. Prevalence (% infected) and weighted incidence (mean infection intensity) of Perkinsus marinus (Dermo) in native
oyster populations from Cape Romain, SC (site #8), sampled during 1973-1976 (n=25 oysters/sampling date).
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Figure A-2. Prevalence (% infected) and weighted incidence (mean infection intensity) of Perkinsus marinus (Dermo) in native
oyster populations from North Santee, SC (site #4), sampled during 1972-1978 (n=25 oysters/sampling date).
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Figure A-3. Prevalence (% infected) and weighted incidence (mean infection intensity) of Perkinsus marinus (Dermo) in native

oyster populations from South Santee, SC (site #5), sampled during 1976 (n=25 oysters/sampling date).
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Figure A-4. Prevalence (% infected) and weighted incidence
(mean infection intensity) of Perkinsus marinus
(Dermo) in native oyster populationsfrom Bull Bay,
SC (site #9), sampled during 1977-1979 (n=25 0-

oysters/sampling date).
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Figure A-5. Prevalence (% infected) and weighted incidence
(mean infection intensity) of Perkinsus marinus
(Dermo) in native oyster popul ations from Alligator
Creek (site #6), sampled during 1972-1974 (n=25
oysters/sampling date).
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Figure A-6. Prevalence (% infected) and weighted incidence (mean
infection intensity) of Perkinsus marinus (Dermo) in native
oyster populations from Fishing Creek (site #43), sampled
during 1973-1974 (n=25 oysters/sampling date).
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Figure A-9. Subtidal water temperature and salinity at Toler’s Cove Marina. Measurements were recorded every 48 minutes
using an environmental monitoring sensor (Hydrolab).
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Figure A-10. Subtidal water temperature and salinity at Inlet Creek. Measurements were recorded every 48 minutes using
an environmental monitoring sensor (Hydrolab).
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APPENDIX B

Perkinsus marinus (DERMO) in
Mercenaria mercenaria

Perkinsus-like organisms have been reported in
34 species of bivalve molluscs (Perkins 1988), includ-
ing the hard clam, Mercenaria mercenaria (Andrews
1954, Ford 1992). 1n 1994 we surveyed natural popu-
lations of hard clamsin South Carolina to determine
the extent of infection with P. marinus. We sampled
pond-raised clams, known to have been exposed to
Perkinsus marinus, and also examined uninfected
clams which were deployed into areas of potential
disease exposure to determine disease prevalence and
intensity. Diagnosis was determined using Ray’s
(2966) fluid thioglycollate medium (RFTM). Infec-
tion intensity was rated by the Quick and Mackin
(1971) scale from O (uninfected) to 6 (heavy) (See
Methods Section, this report).

Native clams were sampled from Cape Romain,
Grice Cove and Ashepoo River during summer 1994
and tested for Perkinsus marinus infection. Clam
prevalence levels ranged from 0 to 13%. Infection
intensities ranged from 0 to 0.13 (See Table B-1). In
many individuals only 1 or 2 Perkinsus-like organ-
ismswere observed. Thisis consistent with prior re-
portsintheliterature, which indicated that Perkinsus-
like organisms may be observed in many species (in-
cluding M. mercenaria) but alwaysat very low inten-
sity levels (Ray 1954a, Andrews 1954).

Two year old clams, cultured in three ponds at the
Waddell Mariculture Center (WMC) for at least ayear,
weretested for P. marinusin November 1993 and again
in February 1994. Subsequently, the remaining clams
were consolidated into one WMC pond. These were
again sampled in May, June, July, and August 1994.
In November 1993, preva encelevel sranged from 25%
to 52% in the three ponds. Mean infection intensities
were very low (0.25 - 0.56). In February, there was
no detectable P. marinus in the samples from any of
the ponds. In May, 21% of the clams were infected,
with a mean infection of 0.21. In June, there was no

Table B-1. Perkinsus marinus (Dermo) prevalence and weighted incidence (mean infection intensity) in native
and cultured Mercenaria mercenaria populations.

Site Date Sample % Prevalence Weighted
Size Incidence
Cape Romain (N) 5/94 14 7 0.07
Grice Cove (N) 5/94 15 13 0.13
Ashepoo River (N) 5/94 9 0 0
MRRI nursery (C) 2/94 30 0 0
MRRI nusery (C) 3/94 30 6 0.07
Kiawah River (C) 8/94 40 8 0.08
Clark Sound (C) 8/94 30 6 0.06
Long Idand (C) 8/94 30 3 0.03
Waddell- 2yr (C) 11/93 70 42 0.44
Waddell -2yr. (C) 5/94 29 21 0.21
Waddell-2yr. (C) 6/94 30 0 0
Waddell- 2yr. (C) 7194 20 10 0.10
Waddell -2yr. (C) 8/94 30 0 0

(N) =native clams
(C) = cultured clams
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detectable infection, but in July 10% of the sampled
clams were infected, with a mean infection of 0.10
(very light). InAugust, no P. marinusinfectionswere
detected (See Table B-1). It isinteresting that this
clam population, which exhibited infectionsin 1993,
did not experience much infection in 1994.

Oneyear old seed clamswere deployed in March/
April 1994 at threefield sites. These clams had been
previously maintained in a flowing seawater nursery
a MRRI and were, therefore, potentially already in-
fected. A subsampletested at the time of deployment
had alow prevalence (6.6%) and intensity (0.07). As
acontrol, a subsample was quarantined in the MRRI
hatchery, to reduce any potential for exposure. Be-
cause P. marinus infections appear, in oysters, to be
related to water temperature, asubsample of the hatch-
ery-maintained clams was kept in a heated (30°C)
aquarium for 90 days. The field planted seed clams
and the control group were tested in August. Native
oysters from adjacent banks at each of the three sites
weretested ssmultaneoudy. At Kiawah, the seed clams
had a prevalence of 8% and mean infection intensity
of 0.08. Sixty-four percent of the native oysterswere
infected, with a mean infection of 1.52. Seed clams
deployed at Clark Sound had a prevalence of 6% and
amean infection of 0.06. Oystersfrom the same area
had a 100% prevalence with amean infection of 1.92.
At Long Island, the deployed seed clams had apreva-
lence of 3% and mean infection intensity of 0.03.
Eighty percent of the adjacent oysters were infected
with an intensity of 1.55.

Clamsfrom the MRRI nursery exhibited very low
disease prevalence (6.6% in March). These same
clams, when exposed to increased temperatures in
aquaria at MRRI, did not experience an increase in
infection intensity. When out-planted to the field,
prevalence increased, however it was still very low,
despite proximity to infected oysters. Even when
prevalence was high ( 50%), no heavy intensitieswere
noted. This contrasts with the situation observed in
pondsin 1993 (T. Cheng pers. comm.), when most of
the infected individuals had heavy infections. Per-
haps environmental conditions were more favorable
for disease development in 1993, which was charac-
terized by ahot, dry summer in comparisonto thefairly
cool and much wetter than normal summer of 1994,
however, oyster infection levelsobserved in 1994 were
fairly typical.

Perkinsus-like organisms have been reported in
clams at very light infections (Andrews 1954,
Andrews 1988, Perkins 1988). Observationsmadein
SC in 1993 (T. Cheng pers. comm.) suggested that
heavy infection levels and related mortality were oc-
curring. Cheng et al. (1995) indicated that P. marinus
can betransmitted from infected Crassostrea virginica
to Mercenaria mercenaria. The observations of
Perkinsus-like organisms in clams examined in 1994
are probably more typical levels of those that regu-
larly occur in thisclam species. At thistimethereis
no evidence that Perkinsus marinusis athreat to na-
tive or cultured populations of hard clams in South
Carolina.

Adapted from:

Coen, L.D.,N.H. Hadley, M.Y. Bobo. 1995. Prelimi-
nary investigations of Dermo infections in hard
clams (Mercenaria mercenaria). Sea Grant
“Seed” Project Report.
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