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EXECUTIVE SUMMARY

Environmental Factors. Unusually
warm temperatures were observed
throughout 1998 and this was reflected by
weekly averages in water temperature re-
corded at our lower York River monitoring
station. Weekly averages in water tem-
perature exceeded long-term averages by 1-
6.0°C for all but two weeks in the year.
During the winter months weekly average
water temperature did not decline below
5°C. Based on the long-term average, wa-
ter temperatures at the site typically remain
below 5°C for a period of 8 weeks. Ex-
tremely warm temperatures were also ob-
served in the summer as weekly average
water temperature above 27°C was recorded
for 8 weeks. Generally such high tem-
peratures occur for only 1 week.

The Chesapeake Bay region experi-
enced exceptionally high streamflows dur-
ing the first five months of 1998. The US
Geological Survey reported that total flow
for the Chesapeake Bay in January was the
second highest on record at 224% of the
long-term average while total flow in Feb-
ruary was the highest on record at 220% of
the long-term average. Similarly in the
James River, record high streamflows were
recorded for February and above average
streamflows were recorded for January and
March through May. The high streamflows
resulted in exceptionally low salinities in
the upper James River oyster seed arcas
during the spring. Oysters located at the
bars furthest upriver experienced fresh or
near-fresh water for 10-12 weeks. The dry
summer and fall reversed the high flow
pattern and streamflows progressively de-
creased and were below average levels the
remainder of the year. As streamflow de-
clined during the summer and fall salinity in
the upper James River increased to levels
conducive to the proliferation and spread of
oyster disease.

Perkinsus marinus (Dermo). In
the upper James River, P. marinus preva-
lences declined to exceptionally low levels
during the late winter and spring (0-12%).
At Wreck Shoal prevalence sharply in-
creased from 12% to 68% in July and then

gradually increased to a fall maximum of
100% in November. Prevalences at Point
of Shoals and Horsehead Rock remained
low (<8%) through August but ultimately
increased to fall maximums of 68 and
100%, respectively. At Deepwater Shoal
prevalence remained at 0% from March
through September. Few infections were
noted at the site during the fall and the
maximum monthly prevalence recorded
was 16%. Since becoming established at
Deepwater Shoal in the late 1980s, annual
maximums of P. marinus prevalence have
generally ranged from 36-88%. Thus, an
appreciable decrease in the abundance of
the parasite occurred at the site in 1998.

Our fall survey of Virginia oyster bars
indicated that P. marinus was present at
nearly all western shore oyster bars sur-
veyed. Prevalences were generally higher
than 1996-1997 levels. In the Rappahan-
nock River no infections were observed at
Ross Rock; however, an atypically high
prevalence (88%) was observed just down
river at Bowlers Rock. Prevalences at bars
located further down river ranged from 48-
100% and advanced infections (moderate to
heavy intensity) were common. Prevalence
at Broad Creek, which is located at the
mouth of the river was relatively low (64%)
for the second year in a row. Middle
Ground in the Corrotoman River had a
prevalence of 100%.

In the Piankatank River prevalences
ranged from 52-88% with approximately
20% of the sampled oysters harboring ad-
vanced infections. Prevalences in the Great
Wicomico River were also relatively high
(72-88%); however, infections were light
in intensity. A rather extensive survey of
Tangier Sound indicated a very high abun-
dance of the parasite in the arca. Preva-
lences of 96-100% and high infection in-
tensities were observed at 4 of the 5 Tang-
ier Sound areas that were sampled.

Haplosporidium nelsoni (MSX).
Haplosporidium nelsoni prevalences in the
James River were relatively high at Wreck
Shoal at the beginning of the year; how-
ever, the infections were expulsed during
the spring and the parasite did not reappear






INTRODUCTION

The protozoan parasites Haplosporid-
ium nelsoni, popularly known as MSX,
and Perkinsus marinus, popularly known .
as Dermo, are serious pathogens of oysters
in the Chesapeake Bay. MSX first appeared
in Chesapeake Bay in 1959 and in the early
1960s killed millions of bushels of oysters
on lower Bay oyster grounds. The contin-
ued presence of the parasite has discour-
aged use of these prime growing areas
since that time.

The infection period for H. nelsoni be-
gins in early May each year with peak
mortality in the lower Bay from these early
summer infections occurring during August
and September. However, infections ac-
quired during late summer and fall may
overwinter if salinity remains high and de-
velop as soon as water temperature in-
creases in early spring. These overwinter-
ing infections may cause oyster mortality as
carly as June. In the major tributaries,
normal spring runoff usually causes expul-
sion of overwintering H. nelsoni infections
by May, but the pathogen may reinvade an
area by fall if salinity is favorable during
summer. Oyster mortality is reduced under
these circumstances because H. nelsoni is
present mainly during winter when cold
water temperature slows development of
the parasite.

Historically, P. marinus has been pre-
sent at low levels in the lower portions of
all Virginia rivers, but the parasite increased
in abundance and spread throughout all
public oyster beds during the late 1980s.
Until that time P. marinus was not as seri-
ous a pathogen as H. nelsoni because P.
marinus spread slowly within an oyster bed
and between adjacent beds, and required
three years to cause significant mortality.
However, because of the increase in the
distribution and abundance of Perkinsus,
this parasite is now more important than H.
nelsoni as an oyster pathogen in the Bay.
The population dynamics of P. marinus are
complex and not entirely understood. Most
mortality occurs during late summer and
early fall, but it may begin as early as June

following warm winters that allow more
overwintering infections.

The distribution and pathogenicity of
both diseases are limited by salinity and, in
a very general sense, neither parasite causes
serious mortality in areas where the salinity
remains below 12 ppt. Haplosporidium
nelsoni is eliminated from oysters after
about 10 days below 10 ppt; however, P.
marinys may persist for years at low salin-
ity although it is not pathogenic.

Because of the detrimental effect of
these diseases on the Virginia oyster indus-
try, the Virginia Institute of Marine Science
has been monitoring the prevalence of both
parasites since 1960. Information on dis-
ease severity and distribution each year is
provided to management agencies and the
oyster industry through publications and
special advisories of the Marinc Advisory
Service office. The results of disease
monitoring for the calendar year 1998 are
presented in this report.

METHODS

Sampling.

The oyster disease monitoring program
consists of three different sample types—
tray samples, native oyster samples and
samples provided from private oyster
grounds.

Tray Samples. In late April each
year, oysters are dredged from Ross Rock
in the upper Rappahannock River, and
placed in 2-foot by 4-foot legged trays in
the York River at Gloucester Point. Oys-
ters from the upper Rappahannock River
are known to be highly susceptible to H.
nelsoni , thus they serve as excellent indi-
cators of annual abundance of this parasite
when placed in an endemic arca such as the
lower York River just prior to the normal
infection period for H. nelsoni that begins
in May and continues through July. His-
torically, P. marinus has never invaded the
trays during the first year of monitoring so
the trays were a good measure of mortality
resulting from MSX alone. However, be-
cause of the dramatic increase in P. marinus



dance since 1987, oysters in the monitoring
trays become infected with this pathogen -
each year. The presence of both H. nelsoni
and P. marinus in the trays has made inter-
pretation of the cause of mortality difficult.
In addition, because of its widespread dis-
tribution, oysters from the upper Rappa-
hannock River may now be infected with -
P. marinus when they are collected.
Nonetheless, these oysters can still be used
to monitor H. nelsoni, which normally

does not occur in the upper reaches of the
rivers.

Prior to establishing trays, a sample of

25 oysters is analyzed for H. nelsoni and
“P. marinus to determine the level of exist-
ing infections at the dredge site. No H.
nelsoni infections have ever been encoun-
tered at these sites during April, but in
some years P. marinus has been present at
low prevalence (<10%). At least 300 oys-
ters are placed in each of the two York
‘River trays on 1 May each year. Trays are
~cleaned every week and counts are periodi-
cally made of live and dead oysters in each
tray.  Samples of 25 oysters are removed
*on about 1 July, 1 August, 1 September, -
~and 1 October for disease.determinatio:
“final counts are made about 1 December.

‘and trays. are removed from the riverat that o t, !

_time.” New trays are: established each May |
o provrde a record of disease prevalence
- and intensity for each’ year: Because oys-
" ters from the same source have beenheldat
the same location each year since 1960 we
~ havea long—term database on H. nelsoni
abundance and it is possible to compare

years and to relate disease abundance and
-distribution to various environmental pa-
rameters. =~

Natlve Oyster Samples. In order
to determine the annual distribution and se-
verity of both H. nelsoni and P. marinus;
samples of native oysters are collected peri-
odically from most major public harvesting
areas in Virginia. Samples of 25 oysters
are collected from sites in Mobjack Bay, the
Rappahannock River, the Great Wicomico
River and from other tributaries of the ‘
western shore and the seaside of the East-
ern Shore. Since 1987 a more intensive
survey has been conducted in the James

River— samples are collected monthly at

- Wreck Shoal, Horsehead Rock and Deep

Water Shoal and Point of Shoal.

Private Oyster Grounds. Private
oyster planters submit samples for disease.
diagnosis and the results are used to make
planting and harvesting decisions. In this
report these samples are identified by loca-
tion only and cannot be separated from na-
tive oyster samples.

Diagnostic Techniques.

Prevalence of H. nelsoni was deter-
mined by hrstologrcal analysis of paraf-
fin-embedded tissue sectioned at 6 pm and
stained with hematoxylm and eosin; preva-
lence of P. marinus was determined by
tlnoglycollate culture of mantle, gill and
rectal tissue.

‘Monthly mortality in tray samples was
determined by dividing the number of dead
oysters by the number of live and dead
oysters in the tray. This result was divided
by the period in days since the last-count to -

- yield percent dead per day. This value was -

then multiplied by 30 to yield monthly.

T ;-‘,,mortallty Cumulative mortallty in.€ach
. tray was calculated using a complex for-
- ‘mula that accounts for hve oysters removed B
. for drsease d1agnos1s s '

Env1ronmental Parameters .
Water temperature for the: determmatron

- of long-term averages and yearly anomalies
"is obtained from a continuous monitor at

the VIMS pier in the lower York River.
Water temperatures were also recorded at
the various collection sites on each sample
date. Salinity data for the James River is
obtained from a variety of sources. The
State Water Control Board takes biweekly
samples at Wreck Shoal and at Deep Water
Shoal from May through October and
monthly samples from November through
April. The VIMS shellstring survey ob-
tains weekly data at these locations from
May through October and the VIMS oyster
disease monitoring program obtains
monthly samples throughout the year. Riv-
erflow data for the James River and for the
entire Chesapeake Bay are obtained from
the U. S. Geological Survey.




RESULTS

Environmental Parameters.

Overall, 1998 was an unusually warm
year and weekly average water tempera-
tures at our lower York River site were
generally above long-term averages (1947-
1997) (Figure 1). During the winter
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Figure 1. Average weekly water temperature at
VIMS, Gloucester Point, VA (top) and monthly
James River, VA streamflow (bottom). Long-term
averages (dotted lines) are contrasted with 1998
values (solid lines). For streamflow long-term
minimums and maximums are also shown. Long-
term temperatures are for years 1947-1997 and long-
term streamflows are for 1951-1997.

months average water temperatures ex-
ceeded the long-term average by approxi-
mately 1-3.5°C (Figure 1 and 2). Average
weekly water temperatures remained above
5°C the entire winter (Figure 1). Normally
average weekly water temperatures are be-
low 5°C for a period of 8 weeks. Above
average temperatures prevailed through
most of the spring and early summer. The
summer was relatively warm with average
weekly temperatures exceeding 25°C for 14
weeks and 27°C for 8 weeks. Typically
temperatures exceeding 25°C occur for only
10 weeks and temperatures above 27°C are
recorded for only 1 week. Average weekly
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Figure 2. Weekly water temperature anomaly at the
VIMS pier, Gloucester Point, VA based on average
weekly water temperature from 1947-1997 (top) and
monthly James River streamflow anomaly based on
average discharge from 1951-1997 (bottom) for the
calendar year 1998. Anomalies were calculated by
subtracting the long term average from the value
observed in 1998. Positive values represent above
average measures (warmet/wetter conditions) and
negative values represent below average measures
(colder/drier conditions).

water temperatures remained from 1 to 6°C
above average from October to December.
Temperature anomalies (deviations from
long-term average temperatures) for the
years 1987-1998 are shown in Figure 3. In
comparison to the previous 11 years, 1998
stands out as one of the warmest on record.

The Chesapeake Bay region experi-
enced exceptionally high streamflows dur-
ing the first five months of 1998. The US
Geological Survey reported that total flow
for the Chesapeake Bay in January was the
second highest on record at 224% of the
long-term average while total flow in Feb-
ruary was the highest on record at 220% of
the long-term average. Similarly in the
James River record high streamflows were
recorded for February and above average
streamflows were recorded for January and
March through May (Figure 1 and 2). The
dry summer and fall reversed this pattern
and streamflows progressively decreased



and were below average levels the remain-
der of the year. While it’s typical for
streamflows to decline in the summer and
early fall, they usually begin to rise again in
the late fall. Streamflow anomalies for the
years 1987-1998 are shown in Figure 3.
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Perkmsus marinus (Dermo)

James River. Above average stream—

flows dunng the winter and spring of 1998
resulted in very low salinities in the upper

- James River from January through June.
The oyster bars furthest up river, Point of
Shoals, Horschead Rock and Deepwater
Shoals experienced freshwater conditions
for a period of at least 10-12 weeks (Table
1). Slightly down river at Wreck Shoal
salinities ranged from 2-9 ppt (Table 1).
As a consequence P. marinus prevalences
and infection intensities were greatly de-
pressed at all four areas in the spring.
While P. marinus abundances typically de-
cline during this time of the year, the
prevalences observed during the first five
months of 1998 were exceptionally low.
At Wreck Shoal a minimum spring preva-

lence of 12% was observed (Table 1, Fig-
ure 4). This low level was maintained from-
April through June. At the stations upriver -
from Wreck Shoal the parasite was absent
(or undetectable) during most of the spring.
(Table 1, Figure 4). At Deepwater Shoal

no infections were detected for the seven-

~ month period spanning March through

September. While it is common for preva-
lence to decline at Deepwater Shoal to 0%
in the spring, it is unusual for prevalence to
remain this low for such an extended pe-
riod.
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Figure 4. Prevalence of P. marinus in James River
oysters from Wreck Shoal (WS), Horsehead Rock
(HH), Point of Shoals (PTS) and Deepwatcr Shoal

i (DWS) in 1998

Salinity in he upper J ames R1ver pro—

- gressively increased from June through
“ November; presenting favorable conditions

for the proliferation-and spread of the dis-

 ease (Table 1). However, despite above
" average water temperatures for nearly the

entire year and relatlvely high fall salinities,
the average P. marinus prevalence and in-
tensity in the upper James River for the
months of June through December were
below average in comparlson to the prev1—
ous 10 years.

At Wreck Shoal prevalence sharply in-
creased from 12% in June to 68% in July
as water temperature exceeded 25°C and
salinity increased to 13 ppt (Figure 5). Sa-
linity continued to rise in late summer and
ranged from 17-22 ppt the remainder of the
year. Perkinsus marinus prevalence gradu-
ally increased to 84% in September. This
increase was somewhat slower than



Table 1. Monthly survey of prevalence and intensity of Haplosporidium nelsoni (MSX) and Perkinsus marinus
in oysters from James River harvesting areas in 1998. See accompanying figure for station locations. NA=not
analyzed for MSX. H=number of heavy infections, M=moderate infections, L=light infections.

MSX Infection Perkinsus Infection
Temp. Sal. Infect./fexam. | Intensity | Infect./exam. | Intensity
Location Date (0 (ppt) -%omntected H-M-L -Joinfected H-M-L
James River
Deep Water Shoal 21 Jan 8.0 2.0 NA 2125 (8%) 0-0-2
17 Feb 7.0 0.0 NA 2/25 (8%) 0-0-2
16 Mar 8.0 0.0 NA 025 (0%) 0-0-0
14 Apr 17.5 0.0 NA 0725 (0%) 0-0-0
14 May NA 0725 (0%) 0-0-0
16 Jun 27.5 2.0 NA 0/25 (0%) 0-0-0
13 Jul 30.0 5.0 NA 0/25 (0%) 0-0-0
13 Aug 30.0 5.5 NA 0/25 (0%) 0-0-0
15 Sep 28.0 9.0 NA 025 (0%) 0-0-0
15 Oct 22.5 12.0 NA 2/25 (8%) 0-0-2
17 Nov 15.0 14.0 NA 4725 (16%) 0-0-4
10 Dec 16.0 10.0 NA 1/25 (4%) 0-0-1
Horschead Rock 21 Jan 8.0 6.0 0725 (0%) 0-0-0 6/25 (24%) 0-0-6
17 Feb 7.0 0.0 0725 (0%) 0-0-0 2125 (8%) 0-0-2
16 Mar 8.0 0.0 0725 (0%) 0-0-0 0/25 (0%) 0-0-0
14 Apr 17.0 0.0 0725 (0%) 0-0-0 0725 (0%) 0-0-0
14 May 0725 (0%) 0-0-0 0725 (0%) 0-0-0
16 Jun 27.0 4.0 0/25 (0%) 0-0-0 0725 (0%) 0-0-0
13 Jul 30.0 7.0 0725 (0%) 0-0-0 2/25 (8%) 0-0-2
13 Aug 30.0 8.0 0/25 (0%) 0-0-0 2725 (8%) 0-0-2
15 Sep 27.5 12.5 0/25 (0%) 0-0-0 16/25 (64%) 0-0-16
15 Oct 21.5 14.0 0/25 (0%) 0-0-0 25125 (100%) | 0-0-25
17 Nov 15.0 16.0 0/25 (0%) 0-0-0 14725 (56%) 2-1-11
10 Dec 15.0 13.0 0/25 (0%) 0-0-0 5/25 (20%) 1-0-4
Point of Shoals 21 Jan 8.0 4.0 NA 14/25 (56%) 0-0-14
17 Feb 7.0 0.0 NA 3/25 (12%) 0-0-3
16 Mar 8.5 0.0 NA 4125 (16%) 0-0-4
14 Apr 17.0 0.0 NA 0/25 (0%) 0-0-0
14 May NA 0/25 (0%) 0-0-0
16 Jun 27.0 6.0 NA 0725 (0%) 0-0-0
13 Jul 29.5 8.0 NA 1725 (4%) 0-0-1
13 Aug 30.0 8.5 NA 1725 (4%) 0-0-1
15 Sep 27.0 13.5 NA 8/25 (32%) 0-1-7
15 Oct 22.0 14.0 NA 17125 (68%) 1-1-15
17 Nov 16.0 16.0 NA 12725 (48%) 0-0-12
10 Dec 14.5 15.0 NA 11725 (44%) 0-0-11
Wreck Shoal 21 Jan 7.5 14.0 7125 (28%) 0-2-5 10725 (40%) 1-1-8
17 Feb 7.0 2.0 6/25 (24%) 0-0-6 16/25 (64%) 2-1-13
16 Mar 8.0 6.0 17/25 (68%) 0-1-16 8/25 (32%) 0-0-8
14 Apr 15.0 5.0 4125 (16%) 0-0-4 3/25 (129%) 0-0-3
14 May 18.5 0725 (0%) 0-0-0 3/25 (12%) 0-0-3
16 Jun 27.5 9.0 0/25 (0%) 0-0-0 3125 (12%) 0-0-3
13 Jul 29.0 12.0 0725 (0%) 0-0-0 177125 (68%) 1-0-16
13 Aug 29.5 11.5 0/25 (0%) 0-0-0 19725 (76%) 4-4-11
15 Sep 27.0 16.0 025 (0%) 0-0-0 21725 (84%) 1-7-13
15 Oct 21.0 20.0 0/25 (0%) 0-0-0 24125 (96%) 4-5-15
17 Nov 15.0 20.0 0/25 (0%) 0-0-0 25125 (100%) | 4-3-18
10 Dec 14.0 18.0 1/25 (4%) 0-0-1 23/25 (92%) 5-2-16
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cember was the lowest observed since

1989. Infection intensitics were relatively
low at both Point of Shoals and Horsehead

Rock (Table 1).

At Deepwater Shoal salinity gradually
‘increased during the summer and ranged
from 8-15 ppt inthe fall (Figure 8). Perki-
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Figure 6. Salinity (top) and prevalence of P. marinus
(bottom) at Point of Shoals, James River, VA for the
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T T T T T T T T T T

901 pnetsoni -

* Prevalence
e
2

20+
‘°‘w/\
0 PN

904 - P marinus

LU MRS WPt Wt Rt Ut Ml Rt RS Dt M M Y §

Prevalence
o
[w]
L

Oct+
Apr
Jul A
Oct

Apr-
Jul
1996 Jan

Qct -

Apr-
Jul
1995 Jan

1994 Jan

Figure 7. Salinity (top) and prevalence of P. marinus
(bottom) and H. nelsoni (middle) at Horsehead Rock,
James River, VA for the ycars 1994-1998.



nus marinus reappeared in October at 8%
prevalence but prevalence remained low
(<16%) through December. Since 1990
there has only been one other year in which
a lower maximum annual prevalence has
been observed at Deepwater Shoal. Maxi-
mum annual prevalences for all other years
since 1990 have ranged from 36-88%.

25

20+

I/

LINN SN R S B ERNE IR AN D HENR SRS it N S S R A S |

40|
30-|
20-|
104
0

T
<)
O

—_
w
N

Salinity (ppt)

Prevalence
[%2)
o
1

1
ot

Apr-
Apr
Jul
OC"‘
Aprq
Jul
OcH
Apr-
Jul
Apr+
Jul
Qct *>_

T T l T
§5355535553555385
S0 S = ] S
< 0 © ™~ ®
o o I3 @ &
=3 3 =3 & &
- - - - -

Figure 8. Salinity (top) and P. marinus prevalence
(bottom) at Deepwater Shoal, James River, VA for
the years 1994-1998.

Fall Survey Stations. Twenty-six
oyster bars, including sites in the James,
York, Piankatank, Rappahannock, Corro-
toman, Great Wicomico Rivers, Mobjack
Bay and Tangier Sound were surveyed for
oyster disease in the fall of 1998 (Table 2).
Perkinsus marinus prevalences were gen-
erally higher than 1996-1997 levels. The
parasite was present at all sampled bars ex-
cept for Ross Rock, which is located in the
upper Rappahannock River and Bell Rock,
which is located in the upper York River.
With the exception of the most up river
oyster bars, our survey areas at the time of
sampling had salinities greater than 15 ppt
and P. marinus prevalences higher than
15%. Moderate and heavy infection inten-
sities were abundant at most of these areas.

In the Piankatank River prevalences
were about 20% higher than last year. At
Burton Point prevalence was 88% (Table
2). This prevalence was consistent with
1991-1996 prevalences, which ranged from
88-100%. Despite the high prevalence ob-
served in 1998, infection intensities were
relatively light as only 16% of the oysters
had advanced infection intensities. Preva-
lence at Ginney Point was 52% (Table 2),
remaining much lower than 1989-1996,
which ranged from 88-100%. As at Burton
Point, only 16% of the oysters sampled had
moderate to heavy infections. In previous
years the proportion of Burton Point oys-
ters having advanced infections has been
as high as 52%.

In the Great Wicomico River preva-
lences were 12 to 20% higher than 1997,
but still remained moderate compared to
other years. Prevalences at Haynies Bar,
Whaley’s East and Fleeton Point ranged
from 72-84% and nearly all infections were
of light intensity (Table 2). Typically, few
advanced infections are observed in oysters
sampled from these three bars. At the time
of collection, salinity ranged from 16-17

ppt.

In the Rappahannock River at Ross
Rock P. marinus was not detected for the
second year in a row. Seven additional
Rappahannock River oyster bars, located
down river of Ross Rock, were also sam-
pled in the fall. The bars, which were lo-
cated along a salinity gradient, had salinities
at the time of collection ranging from 12-18
ppt. Perkinsus marinus prevalences ranged
from 48-100% (Table 2). Prevalence and
intensity at Bowlers Rock, Smokey Point,
and Parrot Rock ranked among the top
three highest observed for these areas since
1989. Prevalence at Bowlers Rock in-
creased 36% since last year and prevalence
at Smokey Point increased 55%. In con-
trast prevalences and infection intensities at
Morratico Bar, Long Rock and Broad
Creek were relatively low compared to
most other years since 1989. Advanced
infections were observed at all sites where
the parasite was present and were quite



Table 2. Fall survey of prévalence and intensity of Haplosporidium nelsoni (MSX) and Perkinsus marinus in
oysters from Virginia oyster beds in 1998. Sce accompanying figures for station locations. NA=not analyzed
for MSX. H=number of heavy infections, M=moderate infections, L=light infections.

{ Infection

abundant at Smokey Point, Drummond
Ground and Parrot Rock. As last year the
prevalence among bars was variable in that
a consistent progressive increase was not
observed as one moves down river along
the salinity gradient.

Five oyster bars were sampled in
Tangier Sound (Table 2). The parasite was
found at all bars. Prevalences at Hurley’s
Rock, Johnson Rock, California Rock,
Thoroughfare and Cod Harbor ranged from

76- 100% and advanced infections were
abundant at all 5 areas.

Prevalence was

only 36% at Parker Rock, Pocomoke
Sound and infections were primarily light

intensity.

Haplosporidium nelsoni (MSX).

MSX Infection Perkinsus
Temp. Sal. Infect./exam. | intsity Infect./exam. | intensity
Location Date &®) . {ppt) -%infected | H-M-L -%infected | H-M-L
James River
Deep Water Shoal 15 Oct 22.5 12.0 NA 27125 (8%) -0-0-2
Horsehead Rock 15 Oct 21.5 14.0 0/25 (0%) 0-0-0 25/25 (100%) | 0-0-25
Point of Shoals 15 Oct 22.0 14.0 NA 17/25 (68%) 1-1-15
Wreck Shoal 15 Oct 21.0 20.0 0/25 (0%) 0-0-0 24/25 (96%) |~ 4-5-15
York River ~
“Bell Rock 19 Oct 20.2 15.5 0/23 (0%) 0/25 (0%) 0-0-0
Mobjack Bay
Pultz Bar 20 Oct 21.0 3725 (12%) 0-0-3 2125 (8%) 0-0-2
Piankatank  River- o ‘ ‘
Ginney Point 230ct | 179 16.7 2125 (8%) 0-1-1 13/25 (52%) 1-3-9
‘Burton's Point 23 Oct 18.2 17.5 0725 (0%) 0-0-0 22125 (88%) 1-3-18
Rappahannock River ,
Ross Rock 22 Oct 17.6 9.8 0/25 (0%) 0-0-0 0/25 (0%) 0-0-0
Bowlers Rock 21:0ct 17.8 11.8 0/25(0%) 0-0-0 22/25 (88%) 1-2-19
Long Rock 21 Oct 18.0 13.4 0/25 (0%) 0-0-0 12/25 (48%) 1-2:9
Marratico Bar 21 Oct 182 | 14.1 025 (0%) 0-0-0 15/25 (60%) 1-0-14
Smokey Point 22 Oct 18.8 15.8 0/25 (0%) 0-0-0 18123 (77.4%) | 2-3-13
Drummond Ground 22 Oct 19.3 173 0/25 (0%) 0-0-0 23/23 (100%) | 5-7-11
Parrot Rock 21 Oct 18.8 17.0 0725 (0%) 0-0-0 23124 (96%) | 7-3-13
Broad Creck 23 Oct 16 g8 | 175 0/25 (0%) 0-0-0 16/25 (64%) | 0-2-14
Corrotoman - River , : : ‘
.| Middle Ground - 1220ct. 0190 | 16.0 025(0%) 0-0-0 2525 (100%) | 2-5-18
ﬁGreat chomlco R R ‘ ‘ Sl BORETN P : e
R fHaymes Bar i 12Nov |. 162 | ~16.8 |- 0/25(0%) | - 0-0-0 | 22/25(88%) | 0-0-22
- | Whaley's'East 1230ct | 16.0 | 165 | 2/25(@8%)- | 020 | 18/25(72%) | 0-1-17
.Fleeton Point - - 230ct | 165 169 | 21258%) | 020 | 21/25(84%) | 0-0-21
| Tangier Sound: S B o S : e ‘
‘| Hurley’s Rock 17 Sept 17.0. | 221 9.5%) .| 002 | 16/21 (76%) | 2-1-13
Johnson Rock. 121 Sept ‘ 2125 (8%) 0-1-1 | 25/25(100%) | 5-6-14 .
| California Rock 17 Sept 0/25 0%) 2525 (100%) | 3-6-16
Thoroughfare 17 Sept | - 17.0 3125 (12%) 2-0-1 24125 (96%) | 6-6-12
Cod Harbor 21 Sept| 25.8 17.5 0/24 (0%) 0-0-0 24/24 (100%) | 6-4-14
Pocomoke Sound , , ‘
Parker’s Rock 17 Sept] - 247 17.8 4/25 (16%) 1-2-1 9/25 (36%) 1-0-8

Haplosporidium nelsoni prevalences in
the James River were relatively low in 1998
(Table 1 and Figure 9). For the third con-
secutive year the parasite was absent from

Horsehead Rock (Figure 7). At Wreck




secutive year the parasite was absent from
Horsehead Rock (Figure 7). At Wreck
Shoal H. nelsoni was observed during the
months of January through April at preva-
lences ranging from 16-68%, but was not
found again until December when only a
single infected oyster was observed (Table
1, Figure 5 and 9). The maximum fall
prevalence of H. nelsoni observed at Wreck
Shoal typically ranges from 16-48% (Fig-
ure 5).
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Fighre 9. Prevalence of H. nelsoni (MSX) (bottom)

in James River oysters from Wreck Shoal (WS) and
Horsehead Rock (HH) in 1998.

Fall prevalences of H. nelsoni in Vir-
ginia’s other major tributaries were also
relatively low (Table 2). In 1998, H. nel-
soni was not detected in the Rappahannock
River, but was observed at prevalences less
than 8% at Ginney Point in the Piankatank
River and at Whaley’s East and Fleeton
Point in the Great Wicomico River. Itis
common for H. nelsoni to be absent from
the oyster bars located in the upper portions
of these tributaries but in most years the
parasite is observed at locations located
further down river. In Mobjack Bay H.
nelsoni prevalence was 16% at Puliz Bar.
The distribution of H. nelsoni in Tangier
Sound was patchy with prevalences rang-
ing from 0-16%. In most areas prevalences
were reduced in comparison to 1997,
which ranked as one of the highest years
for abundance of the pathogen in the lower
Chesapeake Bay. However, even in 1997,

prevalences in these areas remained below
30%.

VIMS Tray Samples.
A tray of Ross Rock, Rappahannock
River oysters was established at the VIMS,

Gloucester Point, York River site on 29
April 1998. Analyses of a sample of the
Ross Rock oysters prior to transplantation
indicated that P. marinus prevalence was
0% and that the oysters were also free of
detectable H. nelsoni infections. The num-
ber of live and dead oysters in each tray
was assessed monthly from June to Sep-
tember and the resulting determinations of
percent monthly and percent cumulative
mortalities are shown in Table 3. Cumula-
tive mortality was 71% by mid August. In
September cumulative mortality increased
to 87%; however, there was heavy sedi-
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Figure 10. Maximum annual prevalence of H. nelsoni
(MSX) in imported monitoring tray oysters at VIMS
1960-1998.

mentation in the tray, which may have at-
tributed to the oyster deaths. Samples for
disease diagnoses were also taken monthly.
Haplosporidium nelsoni was not detected in
oysters sampled on 4 June or 9 July, but by
13 August prevalence was 90%. Thirty-
two percent of the oysters sampled had
moderate to heavy intensity infections.
Prevalence was 76% in September. The
acquisition of H. nelsoni was somewhat
later than typically occurs but the maximum
prevalence attained was the highest on re-
cord (Figure 10).

Perkinsus marinus infections first ap-
peared in June at a prevalence of 4% (Table
3). Prevalence remained low through
August, but sharply increased to 76% in
September and continued to increase to
100% in October. As in 1997, the acquisi-
tion and proliferation of the pathogen was
atypically late compared to other years.
Given the fact that the onset of P. marinus
infections was very late and prevalences of
the parasite were relatively low through



e ',Table 3. Mean mortahty and dlsease prevalenee in upper Rappahannock River Oysters transplanted to trays at
the lower York River, Gloucester Point, VA in April; 1998. '

"H. nelsoni

~Monthly *  Cumulative - Intensity P ‘marinus
Date— 1997  mortality~% mortahty -% prevalence _ H-M-L* prevalence, . “ \
. 29 Apr 0 0 Tousow 000 0250%)  0:0:0
C4dn 01 11.5‘ 0/25(0%) . 0-0-0 1125 (4%) o}oiri
:'9 w37 15.9 025(0%) 000  1/25(4%) ?b-oi!i\,
‘./:,1:3_A~i;g~ R ) 46;./9‘” 70.5 18/20»(90%)”' 3-5-10  3/20 (15%) 003
1sép fE. ,2‘4\.6** ‘ 87’.10**’ ;1"9’/25,(7/6‘%);: 1135 19/25 (76%)- '6.:(3';’13]*
C1oa 89 947 o3 g.qé%) B ",‘2—'17-,65 13/13(100%) 355
»*H nu@gr (;f he;v; mfectrons M= rnoderate rnfectrons, L = light infections. - =

Lk Some portlon of mortahty at this tune may be related to heavy sedimentation in tray.

o ‘ﬁAugust itis very llkely that most of the

e mortahty observed between June and

7 August was assocrated wrth H. nelsonz

" ofc our regularly monitored James River:
- oyster bars-— Wreck Shoal, Point of

g - Shoals; Horsehéad Rock and Deepwater .
Shoals. Whﬂe P. marinus abundances -

- typically- decline during this time of the -
year, the prevalences observed during the
first five months of 1998 were exception-
ally low. At Deepwater Shoal, the upper-
most oyster bar, prevalence declined to 0%
in March and. remained at 0% through Sep-
tember. This represents the longest period
in-which the parasite was not observed at
- the site since 1990. Similarly, P. marinus
was not detected at Horsehead Rock or
“Point of Shoals for several months durmg
the spring and at Wreck Shoal a spring

S "average at’ all 81tes High salinities com- .

- marinus werevgreatly depressed at all four =

mrmrnum of 129% was observed. As the

o “high flow conditions observed carly in the -

~year reversed.to drought conditions in the -
- summer and fall, salinity increased to above =

,Verage temperatures (5

hkely that s some oyster

L V'morta;hty resulted This recurrence of the ,

-disease during the fall once again demon-
strates how difficult it is to eradicate the ,
»pathogen from these areas. While the para-
site reappeared at Deepwater Shoal in Octo-
ber it remained at very low prevalence -
(<16%) through the fall despite favorable -
temperature and salinity conditions.

The average annual P. marinus preva-
lences and intensities in the upper James
River were below average in comparison to
the previous 10 years. This can be attrib-
uted to the extremely high streamflows that
occurred early-in 1998. The prolonged low
salinity conditions caused by the high
streamflows resulted in a regression in
parasite tissue burdens. The observed in-

10



fection regression is probably related to an
inability of P. marinus to tolerate prolonged
exposure to extremely low salinity. Al-
though it is clear that parasite numbers were
reduced, our diagnostic assay is not sensi-
tive enough to determine whether the para-
site is truly absent. Hence it is important to
keep in mind that 0% prevalence only
means that the P. marinus was not detected.
Most likely the sharp rises in prevalence
that occurred in mid-summer at Wreck
Shoal, Point of Shoals and Horsehead
Rock reflect the proliferation of low inten-
sity (undetectable) infections that persisted
through the winter and spring, rather than
the acquisition of new infections. The
sharp rise in prevalence that was observed
underscores how quickly an epizootic can
occur given favorable environmental condi-
tions. It is surprising that prevalence re-
mained extremely low at Deepwater Shoal,
given that salinity in the late summer and
fall was favorable for P. marinus and that
temperatures were atypically high. This 1s
the third consecutive year in which preva-
lence remained relatively low in this arca
and it appears that the abundance of the
parasite has been significantly reduced from

1990-1996 levels.

During the fall P. marinus was abun-
dant on nearly all oyster beds sampled.
Prevalences in the Piankatank and Great
Wicomico Rivers were generally higher
than 1996-1997 levels but moderate com-
pared to levels observed in 1990-1995. In
the Rappahannock River prevalences were
variable—at Bowlers Rock, Smokey Point,
and Parrot Rock prevalences ranked among
the highest observed since 1989, while at
Morratico Bar, Long Rock and Broad
Creek prevalences were relatively low
compared to most other years since 1989.
The high prevalences may be a result of the
transplantation of infected seed from the
James River while the low prevalences may
reflect the effect of diminishing oyster
standing stocks on parasite dynamics or
possibly the development of disease resis-
tance in these oysters.

During 1993-1997, H. nelsoni per-
sisted at record high prevalences and inten-
sities in the James River at Wreck Shoal; in

11

the down river populated beds of Virginia’s
other major western shore tributaries; and
in the sounds of Virginia's Eastern Shore.
Haplosporidium nelsoni prevalences in
1998 were relatively low in comparison. In
the James River relatively high prevalences
of the pathogen were observed early in the
year; however, prevalence declined to 0%
by May and the parasite was not observed
again until December. Generally, H. nel-
soni infections which were acquired the
previous summer or fall persist through the
winter and then are subsequently eliminated
in spring. Since the parasite is intolerant of
salinities at or below 10 ppt, the occurrence
of high streamflows, which reduce salinity
below 10 ppt usually result in parasite ex-
pulsion. In 1998 high streamflows were
observed relatively early as the flow for
February was the highest on record.

Above average streamflows for the James
River continued through May and as a re-
sult salinity remained below 10 ppt for the
period of February through June. At Wreck
Shoal salinities at or below 10 ppt occurred
between February and June and conditions
were unfavorable for the parasite during
this time. Typically, the parasite reinvades
the area during the summer and fall once
salinity increases to greater than about 10
ppt. The pattern observed in 1998 was
atypical in that this reinvasion was not ob-
served until December and even then
prevalence remained extremely low (4%).
As aresult of this reinvasion being late and
low, the oysters in this area were not im-
pacted by the disease.

Overall, in the other major tributaries
fall prevalences and intensities of H. nel-
soni were lower than usual. In the Pianka-
tank and Great Wicomico Rivers preva-
lences were less than 8%. The parasite was
not detected in the Rappahannock River.
The parasite was detected in Mobjack Bay
and in Tangier Sound, but only at low
prevalences (<16%).

In contrast, Rappahannock River oys-
ters transplanted to the York River exhib-
ited relatively high levels of the disease.
The susceptible oysters that were trans-
planted to VIMS in April 1998 exhibited the
highest prevalence of H. nelsoni ever re-
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of water in James and York rivers.
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