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INTRODUCTION

In Georgia, USA, the eastern oyster Crassostrea vir-
ginica grows primarily intertidally, in salinities ranging
from 15 to >30 ppt, and forms dense reefs. Georgia’s
oyster resources were once immense and supported a
thriving cannery-based industry. However, overfish-
ing, pollution, disease, and environmental factors have
dramatically reduced oyster populations, and the fish-
ery exists today primarily to serve a fall and winter
sack trade for local ‘roasts.’ Oyster roasts are social
events where locals gather to steam oysters over a
bonfire. 

Environmental factors such as temperature and
salinity affect the health and productivity of shellfish
populations directly by affecting processes such as
filtration rate, respiration, and reproduction, and indi-
rectly by affecting the abundance and feeding rate of

predators and the dynamics of disease (Kim et al.
1999). Disease can inhibit growth, lower the condition
index, disrupt filtering activities, reduce the reproduc-
tive capacity, inhibit larval development, and reduce
spatfall (O’Beirn et al. 1994, Ford & Tripp 1996, Paynter
1996). 

One of the most problematic oyster diseases in the
United States is caused by the parasitic protozoan
Perkinsus marinus. The origins of the disease remain
uncertain; however, it was first identified as the cause
of epizootic oyster mortalities in the Gulf of Mexico in
1948 (Mackin et al. 1950). Since then, the parasite has
been reported in oysters from Maine to Florida and
throughout the Gulf to Mexico (Quick & Mackin 1971,
Andrews 1988, Craig et al. 1989, Lewis et al. 1992,
Ford 1996, Soniat 1996). The parasites proliferate most
rapidly above a temperature of 25°C and salinities
above 12 ppt (Bobo et al. 1997). As a result, the major
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infective period in most areas occurs between May and
October. 

In comparison to oyster populations in the northern
USA, relatively few pathology studies have been con-
ducted in the southeast. In 1966 and 1968, a histo-
logical study (tissue sections) of oysters from coastal
Georgia was conducted to determine the status of oys-
ter agents and parasites as part of a coastwide Atlantic
survey (Lewis et al. 1992). At that time, oyster popu-
lations in South Carolina, North Carolina, and the Gulf
of Mexico region were experiencing major mortalities
and elevated Perkinsus marinus infections (Lewis et al.
1992, Bobo et al. 1997, O’Beirn et al. 1997). The pre-
valence of the disease in Georgia was low, ranging
from 0 to a maximum of 44% over the study area, and
intensities were not quantified (Lewis et al. 1992). The
next Georgia survey was conducted between 1985 and
1987, and the prevalence of the disease was observed
to have increased (up to 100%) causing mortalities of
epizootic proportions (Lewis et al. 1992). Ray’s fluid
thioglycollate medium assay (Ray 1952) was used to
determine a mean intensity index of 3.9 (light–moder-
ate) on a scale of 1 (very light) to 9 (very heavy). Later,
O’Beirn et al. (1997) reported a maximum prevalence
of 100% and intensity of 3.2 (light medium) using the
same techniques in the Duplin River (Sapelo Island,
Georgia). The latter study used the Quick & Mackin
(1971) scale from 0 (no infection) to 6 (very high infec-
tion) to quantify infection. 

Drought conditions occurring in the late 1990s and
early 2000s altered the salinity patterns of Georgia’s
estuarine systems (Fig. 1). Mean annual salinities for
1999, 2000, 2001, and 2002 at the Marine Extension

Service dock identified in Fig. 1 attained values that
exceeded all records back to 1979. An increase in
salinity in the region encouraged the spread of dis-
eases, including the parasitic dinoflagellate Hemato-
dinium sp., which has contributed to the collapse of the
blue crab Callinectes sapidus fishery (Lee & Frischer
2004). In addition, higher salinities are thought to be
responsible for recent mortality events of the marsh
grass Spartina alterniflora. It is possible that Perkinsus
marinus had similarly proliferated during this period;
however, there have been no recent studies on the sta-
tus of oyster disease in the state. Given that the
drought has recently ended (Fig. 1), our goal was to
provide an assessment of the biological response of
oysters to the prolonged drought by documenting
prevalence and intensity of the disease in coastal
Chatham County, Georgia. 

MATERIALS AND METHODS

Oysters were collected from 67 sites along the coast of
Chatham County, Georgia, from 9 to 14 June 2003
(Fig. 2). The sites were selected by trying to locate the
major beds mapped during a previous oyster distribution
survey in the area (Fig. 2; Johnson et al. 1974). At each
site, the surface water temperature (°C), salinity (ppt),
and GPS location were recorded. Oyster clumps were
then selected from the middle of each bed and broken
up, and 24 living oysters (shells closed tightly) were cho-
sen. Twelve were used to determine a condition index
and another 12 were used to determine sex ratios and
the prevalence and intensity of Perkinsus marinus. 

Condition index was determined
based on the methods of Lawrence &
Scott (1982). Each oyster was mea-
sured for shell length (umbo to tip,
mm) and weighed (total weight, g).
Subsequently the shell was opened
and the meat was placed on an alu-
minum foil dish and then dried in an
oven at 67°C for 48 h to obtain a
dry weight. Empty oyster shells were
also dried at room temperature for
24 h and subsequently reweighed.
The internal cavity volume was
determined by subtracting the shell
weight (g) from the total weight (meat
and shell). The condition index was
calculated by the following formula:
(dry meat weight in g) (100) / (internal
cavity volume in cm3).

The shell lengths (mm) of the
remaining specimens were deter-
mined, and a 5 mm section of the
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Fig. 1. Mean monthly and annual salinity (ppt) recorded at Site 5 (see Fig. 2) between
February 1979 and February 2006. Surface water salinity data were recorded daily at 
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gonad and 1 cm2 of the rectum were dissected from
each one. The gonadal tissue was fixed in 10% forma-
lin (buffered in seawater), stored in 70% ethanol, and
processed histologically according to procedures out-
lined by Howard & Smith (1983). Slides were stained
with Harris’s hematoxylin and eosin to allow the micro-
scopic examination of gonadal tissue and the determi-
nation of sex ratios. Ray’s fluid thioglycollate medium
assay (Ray 1952) was used to assay rectal tissue ac-
cording to procedures outlined by Powell & Ellis (1998).
Each sample was examined microscopically with a dis-
secting microscope, and an intensity index of Perkin-
sus marinus infection was assigned according to Craig
et al.’s (1989) semiquantative scale. Mean infection
intensity indices were calculated for each site by aver-
aging the intensity index score of each oyster including
uninfected individuals (score = 0) at each site.

In an effort to document recruitment differences
across the study area, 3 longitudinally grooved oyster
spat collection sticks (25.4 mm diameter; Aquatic Eco-

systems) were staked into the mud at the base of each
oyster bed that was sampled between 9 and 14 June
2003. At least 60 cm of the stick were left exposed.
After 6 wk, all sticks were retrieved, and a 12 cm mid-
section (approximate surface area of 100 cm2) of each
stick was counted for the number of attached spat. 

RESULTS

Salinities ranged from 8 to 30 ppt and temperatures
from 27 to 32°C over the study area (Table 1, Fig. 1).
The size and condition index of oysters and spat settle-
ment varied according to location (Table 1). Mean sizes
ranged between 49 and 97 mm; mean condition indices
ranged from 1.70 to 12.15; and the mean number of
spat ranged from 0 to 223 per 100 cm2. 

Perkinsus marinus prevalence ranged from 0% at
one location to 100% at 12 locations (Table 1) and
mean infection intensity indices per site ranged from 0
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Fig. 2. Disease survey locations in Chatham County, Georgia. Also shown is the distribution of oyster beds as mapped in 
1966–1967 (after Johnson et al. 1974)
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Table 1. Perkinsus marinus. Prevalence (%), infection intensity (scale 0–5), and shell length (mm) for oysters (N = 12) collected
from 67 sites in Chatham County, Georgia. Also presented are the sex ratios (male to female, M/F), condition indices, recruitment
rates (number of spat per 100 cm2), and water temperature and salinity data determined for these same locations. Data from 

each site are ranked according to increasing salinity. nd = no data available

Site Salinity Temp. Mean Condition index sample Disease sample
no. (ppt) (°C) no. Mean Mean Mean Prevalence M/F Mean Mean

spat per length weight condition (%) ratio length infection
100 cm2 (mm) (g) index (mm) intensity

33 8 29 1.00 68.33 23.01 9.97 33.33 1.00 53.25 0.14
34 9 28 0.00 96.92 59.41 9.11 66.67 1.00 47.17 0.22
67 13 29 nd 92.33 51.92 3.79 42.00 2.33 47.00 0.19
1 15 27 132.330 92.33 51.92 3.79 66.67 0.50 96.75 0.44
27 15 31 118.670 67.42 38.10 7.41 91.67 1.40 65.83 0.58
32 15 30 42.67 64.21 42.32 7.67 100.00 2.00 59.25 0.83
57 15 31 35.67 94.64 67.50 8.97 41.67 0.50 60.00 0.33
28 16 30 16.00 73.13 36.51 8.04 75.00 1.00 63.42 0.28
25 18 29 168.000 62.79 29.76 7.55 91.67 0.57 53.74 0.36
30 18 29 24.33 61.67 30.18 10.040 41.67 0.43 49.17 0.19
31 18 31 193.330 70.38 41.78 7.38 58.33 1.00 52.08 0.42
2 19 29 1.67 49.57 25.68 7.09 91.67 0.71 52.08 1.03
5 19 29 101.670 71.67 33.93 8.87 0.00 1.20 71.08 0.00
24 19 29 7.33 89.96 52.21 6.87 58.33 2.33 72.50 0.19
26 19 29 14.33 79.75 39.36 7.01 100.000 2.33 63.71 0.92
29 19 30 54.33 73.33 46.33 8.73 33.33 2.00 57.50 0.14
7 20 28 70.33 66.42 29.77 9.36 75.00 1.00 74.29 0.81
23 20 29 135.000 63.50 28.18 2.76 91.67 2.33 47.00 0.61
4 21 28 19.00 79.63 28.38 9.44 83.33 1.40 73.50 0.33
3 22 28 1.67 81.67 39.43 6.35 66.67 0.33 65.83 0.31
11 22 29 0.33 91.17 39.75 8.24 100.000 0.83 94.67 1.03
21 22 29 143.000 72.42 28.53 7.09 66.67 1.00 76.17 0.25
22 22 30 103.670 86.25 46.52 5.61 83.33 2.00 70.42 0.30
35 22 29 2.33 77.25 40.26 6.36 83.33 0.71 53.92 0.53
39 22 29 50.67 79.18 28.17 8.61 66.67 1.40 67.92 0.33
40 22 29 9.67 66.14 21.44 9.11 75.00 1.33 73.08 0.47
6 24 28 12.33 83.42 35.04 7.44 100.000 0.83 102.460 1.06
20 24 29 0.00 84.63 61.16 6.79 100.000 0.83 94.42 1.36
36 24 28 7.00 53.38 18.33 10.010 50.00 0.57 38.67 0.17
50 24 29 162.670 93.00 39.68 7.56 25.00 0.83 64.92 0.08
52 24 29 15.33 65.77 51.04 6.48 83.33 1.40 52.42 0.42
53 24 30 40.00 58.25 58.33 7.43 91.67 2.00 63.33 0.61
54 24 32 3.33 73.58 49.63 8.33 50.00 1.00 56.17 0.44
8 25 30 27.33 88.04 28.20 7.06 83.33 0.33 86.63 0.61
9 25 29 nd 66.58 30.65 8.04 100.000 2.00 72.83 0.83
13 25 28 17.00 75.36 30.38 6.37 100.000 0.71 91.88 1.50
14 25 28 64.67 59.22 19.08 12.150 58.33 1.00 64.08 0.28
16 25 30 24.00 73.75 28.24 6.34 100.000 0.50 64.83 0.78
17 25 29 33.67 66.95 27.87 9.43 100.000 0.38 59.00 0.81
18 25 31 36.33 79.68 33.86 1.70 66.67 1.00 60.33 0.28
41 25 29 84.67 83.65 34.41 7.61 75.00 0.33 83.67 0.55
42 25 29 24.67 90.85 49.13 7.14 75.00 1.00 61.83 0.78
49 25 29 54.33 70.26 24.13 8.72 50.00 2.67 61.92 0.36
51 25 29 99.00 72.71 32.68 6.35 58.33 1.00 52.67 0.47
58 25 30 nd 87.64 44.71 7.23 50.00 0.83 57.83 0.39
61 25 29 54.33 82.66 42.82 7.13 50.00 1.00 65.00 0.33
65 25 29 60.67 78.63 49.17 6.82 66.67 3.00 69.50 0.28
10 26 28 0.33 82.00 32.92 9.23 100.000 0.22 87.73 1.00
12 26 28 78.33 89.38 39.15 6.38 91.67 0.71 78.75 0.86
37 26 29 110.670 67.61 24.17 6.83 25.00 4.00 49.92 0.08
45 26 29 102.000 78.80 35.28 7.66 25.00 0.50 66.64 0.09
46 26 31 59.67 79.16 29.28 7.81 25.00 2.00 71.50 0.08
47 26 32 7.00 67.68 33.03 8.19 25.00 2.00 54.25 0.08
55 26 29 43.67 68.75 43.69 5.06 58.33 1.20 62.00 0.25
59 26 31 nd 91.64 57.98 7.45 41.67 1.75 62.67 0.14
15 27 29 117.000 88.86 28.14 6.40 100.000 0.33 80.83 0.97
19 27 29 1.33 80.38 41.37 7.29 100.000 0.71 70.29 1.83
38 27 29 36.00 62.44 24.38 9.77 58.33 1.00 58.67 0.19
64 27 29 142.330 67.56 43.48 7.86 27.27 0.80 45.27 0.12
66 27 30 0.67 67.18 32.78 8.15 75.00 1.40 56.58 0.55
44 28 29 nd 79.40 44.28 9.48 58.33 1.20 67.00 0.19
62 28 29 57.33 80.32 34.65 7.03 58.33 3.00 62.50 0.25
43 29 30 61.00 77.68 38.33 7.75 66.67 0.57 68.00 0.39
48 30 28 60.00 72.01 39.58 8.14 33.33 1.40 64.33 0.14
56 30 32 41.00 71.61 42.25 7.81 66.67 2.00 51.17 0.28
60 30 29 160.330 81.94 42.81 8.10 33.33 0.71 50.58 0.22
63 30 29 222.670 75.69 39.43 5.78 41.67 1.20 62.00 0.17
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to 1.83 (negative to light–moderate). The mean preva-
lence and intensity over the entire study were 66%
and 0.51 (very light), respectively. Of the 801 oysters
examined, 375 oysters were female, 383 were male,
and 43 were sexually indeterminate (Fig. 3). Approxi-
mately 72% of the examined oysters had no infection
or were very lightly infected. Thirty-two percent of
female and 36% of male oysters had no infection,
while 36% of female and 40% of male oysters were
very lightly infected. There did not appear to be any
gender differences in the remaining oysters, which
were lightly to heavily infected (light: 27% females,
16% males; light–moderate: 3% females, 5% males;
moderate: 2% females, 2% males; moderate–heavy:
no females, 1% males; heavy: <1% for both sexes).

The study locations were ranked according to salin-
ity data and divided into 6 regimes (≤10, 10–14, 15–19,
20–24, 25–29, and ≥30 ppt). A single representative
value (mean) was calculated for spat settlement, dis-
ease prevalence and intensity, sex ratio, and oyster
lengths within salinity groupings (Fig. 4). Shell length
and Perkinsus marinus prevalence and intensity
appear to follow the same trend (i.e. increasing from
≤10 to 24 ppt, and decreasing from 25 to ≥30 ppt). The
relationship between disease prevalence and intensity,
water quality, and biological parameters was further
investigated using Spearman’s rank correlation coeffi-
cients (Table 2). 

At the 90% significance level, negative correlations
were detected between infection and condition in-
dices, shell length and condition indices, and between
the male/female ratio and the prevalence. At the 95%

significance level, negative correlations were
revealed between the infection index and
spat settlement, and the male/female ratio.
Prevalence was negatively correlated to
oyster weight, and to spat settlement.

At the 95% significance level, positive
correlations were detected between the
infection index, shell length, and preva-
lence. Surface water temperatures were
correlated with the male/female ratio and
oyster weight, and shell length was also cor-
related with weight. While significant corre-
lations were not detected between tempera-
ture and infection indices, a good linear fit
was achieved by regressing the mean
infection index calculated for each tem-
perature between 28 and 32°C (27°C was
excluded, since there was only one value;
28°C, 11 values; 29°C, 36 values; 30°C,
10 values; 31°C, 6 values; 32°C, 3 values);
the regression equation was as follows:
Infection index = (–0.08) (Temperature in
°C) + 2.96, R2 = 0.91. Repeating for tempera-

ture and disease prevalence resulted in the following
regression: Prevalence = (–6.56) (Temperature in °C) +
260.03, R2 = 0.68.
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DISCUSSION

Local prevalence appears to have remained high
(mean 66%), with 100% prevalence occurring at 12 of
the 67 sites. Only one site did not have any detectable
infection. Although no data were provided, Perkin-
sus marinus was considered widespread throughout
coastal Georgia in 1967 (Hoese 1968). Prevalence
specifically from Chatham County during the 1980s
was 0 and 100% at the Wilmington River and Charles
Creek, respectively. However, we found substantially
lower infection intensities than those recorded in the
1980s (mean 3.9; Lewis et al. 1992) and 1990s (mean
3.2; O’Beirn et al. 1997), a period when known major
(60–70%) oyster mortalities occurred. One-third of all
oysters examined across our study area were patently
uninfected. Our maximum infection index was 1.83
(mean 0.47, very light), and 90% of sites scored less
than 1. Ford & Tripp (1996) reported that during a P.
marinus epizootic, one can expect most of the oysters
to have advanced infection indices (4, 5 on Mackin’s
scale, i.e. medium–medium heavy); however, Andrews
(1988) reported that mortalities are likely when the
mean infection index exceeds 1 (very light) in a popu-
lation. This indicates that the risk of oyster mortalities
in Chatham County, Georgia, is relatively low. Herita-
ble resistance to the disease has been documented
(Bushek 1994) and may be increasing in the area due
to natural selection. However, our sampling was con-
ducted in summer (mid-June) and was a single sam-
pling event. Increased resistance cannot be considered
without documentation of the entire seasonal pattern
of infection. In the northeast, the prevalence and inten-
sity of the disease are typically lowest between Janu-
ary and April and highest from August to November
(Ford & Tripp 1996). While seasonal patterns are less
evident in the southeast (Craig et al. 1989), infection
intensities often peak in the late summer/fall months

(O’Beirn et al. 1994, Bobo et al. 1997). Therefore, our
survey may underestimate the degree of intensity pos-
sible. Additionally, the end of Georgia’s drought in
2003 and the associated reduction in salinity levels
may also explain the lower intensity noted in the pre-
sent study. The mean annual salinity at Site 5 dropped
substantially from 30.13 ppt in 2002 to 24.67 ppt in
2003, which approaches the mean annual salinity
recorded for this location over the last 27 years (Fig. 1).
Ragone & Burreson (1993) reported that infection
prevalences remained high for oysters maintained in
salinity treatments ranging from 6 to 20 ppt, but that
the oysters exposed to lower salinities experienced
lower mortalities. 

Water temperatures recorded during sampling
across the study area ranged from 27 to 32°C, the
reported optimum range for Perkinsus marinus (Ford
1996). Although P. marinus has a broad tolerance to
salinity (8–50 ppt), it is found most commonly in areas
above 15 ppt (Craig et al. 1989). Our oysters were
collected from areas with salinities ranging from 8 to
30 ppt. While temperature and salinity taken at each
Chatham County site appeared to have some relation
to disease prevalence and intensity, the correlations
were not statistically significant. Many other studies in
the south have similarly failed to detect a relationship
(Craig et al. 1989, Lewis et al. 1992, Soniat 1996). Our
data reflect only the instant of sampling and not the
range or duration of salinities and temperatures that
these oysters were subjected to. Lewis et al. (1992)
suggested that the intertidal temperature regime is
more relevant than just water temperature for under-
standing oyster physiology and disease in the south-
east. 

Oyster populations in this region are unique in that
most occur in the intertidal zone. Georgia has the
greatest tidal amplitude (average approximately 2 m)
along the eastern United States and Gulf of Mexico
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Table 2. Spearman’s rank correlation coefficients (rS) for all parameters. The infection index was calculated for infected oysters
per site. Shell lengths A and B refer to shell lengths of oysters used to determine condition indices and oysters used to determine

disease intensity and prevalence, respectively. +: positive correlation; –: negative correlation. *p < 0.10, **p < 0.05

Condition Infection Prevalence M/F Salinity Shell length (mm) No. spat Temp. Weight
index index (%) ratio (ppt) A B (per 100 cm2) (°C) (g)

Condition index –0.22* –0.11 –0.04 –0.07 –0.21* –0.11 –0.34** +0.10 –0.18
Infection index –0.22* +0.57** –0.25** –0.10 +0.06 +0.38** –0.35** –0.03 +0.05
Prevalence (%) –0.11 +0.57** –0.23* –0.12 –0.01 +0.33** –0.35** –0.19 –0.25**
M/F ratio –0.04 –0.25** –0.23* –0.03 –0.18 –0.18 +0.02 +0.32** +0.13
Salinity (ppt) –0.07 –0.10 –0.12 –0.03 +0.05 +0.08 +0.11 +0.13 –0.16
Shell length A (mm) –0.21* +0.06 –0.01 –0.18 +0.05 +0.43** –0.05 +0.03 +0.50**
Shell length B (mm) –0.11 +0.38** +0.33** –0.18 +0.08 +0.43** –0.04 –0.15 –0.04
No. spat per 100 cm2 –0.34** –0.35** –0.35** +0.02 +0.11 –0.05 –0.04 +0.05 –0.08
Temperature (°C) +0.10 –0.03 –0.19 +0.32** +0.13 +0.03 –0.15 +0.05 +0.27**
Weight (g) –0.18 +0.05 –0.25** +0.13 –0.16 +0.50** –0.04 –0.08 +0.27**
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coastlines with the exception of upper coastal Maine.
Air temperatures in coastal Georgia during the sum-
mer and fall months can often reach above 32°C
(Carter 1967), and oysters exposed at low tide in direct
sunlight can be expected to experience temperatures
well above 38°C. In addition, half of the annual precip-
itation (average 1.35 m) occurs between June and Sep-
tember (Carter 1967). The extreme temperature and
salinity fluctuations experienced in this environment
might play a role in controlling parasites (Bushek et al.
1997, Dwyer & Burnett 1996). Heat shock proteins
(HSPs) were recently postulated by Encomio & Chu
(2005) as playing a role in protecting eastern oysters
from pathogenic stress. Thermal stress in association
with reduced condition post-spawning, protein denat-
uration, increased microbial pathogens, Vibrio spp.,
and disease are thought to result in the high summer
mortalities observed in many regions (Encomio & Chu
2005). Since increased levels of HSPs have been asso-
ciated with enhanced thermal tolerance in oysters
(Piano et al. 2002), it is thought that they might coun-
teract the effects of thermal stress and act as a stimu-
lant of the host’s immune response. The range of
intraspecific variation of HSP expression among east-
ern oysters is unknown, but variation might account for
spatial differences in disease tolerance. Given the
extreme temperatures to which intertidal oysters are
subjected in Georgia, it is possible that they have
adapted physiologically with increased levels of HSPs,
which in turn provides a greater degree of tolerance
of disease infection.

Some studies have shown that oysters growing in
shallower waters or in the intertidal zone have a lower
prevalence and intensity of infections (Volety et al.
2000). One theory is that these oysters have less time
available for feeding and therefore exposure to infec-
tive cells. This same theory has been postulated to
explain the lower prevalence and intensity of infection
in younger smaller oysters (Ford & Tripp 1996).

Parasites are an energetic drain on their host, com-
peting for stored nutrients, and often resulting in
retarded growth rates, low condition indices, and
reduced reproductive capabilities (Barber et al. 1988,
Craig et al. 1989, Paynter 1996). Recruitment rates as
determined by spat settlement were negatively corre-
lated with Perkinsus marinus prevalence and intensity
across the study area. Since a significant negative cor-
relation was detected between infection intensity and
the overall health of oysters as expressed by a condi-
tion index, it is possible that oysters at sites with high
levels of disease also had reduced fecundity. However,
our sampling occurred during the spawning period
when condition indices are naturally impaired and
many confounding factors including water quality, oys-
ter density, oyster size, patterns of water movement,

and food availability can lead to spatial differences in
recruitment rates. 

Disease can interfere with reproductive processes,
sometimes producing an abundance of males during
the spawning season, which is less expensive energet-
ically (Barber et al. 1988). An equal sex ratio was
observed in the present study (383 males, 375 females);
however, the male/female ratio per individual site was
significantly and negatively correlated with dermo
prevalence and intensity. This may be explained by
the fact that these oysters are protandric hermaphro-
dites, and typically mature as males first; therefore,
females are often older and have been exposed to par-
asites for longer periods resulting in heavier burdens.
We identified a positive correlation between shell
length and dermo prevalence and intensity, supporting
this hypothesis. 

Many other factors can affect the prevalence of this
disease. Biological factors include oyster nutrition,
reproduction and spawning, density, and scavenger
(e.g. blue crabs, mud crabs, polychaetes, fish, oyster
drills) abundance (Powell et al. 1996). Watershed
dynamics, pollution, and land use patterns may also
explain some of the variability observed over the study
area (Craig et al. 1989, Paynter 1996). 
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