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PART I.

OvYSTER SPATFALL IN VIRGINIA
DurinG 2002

INTRODUCTION

TheVirginialnstitute of Marine Science (VIMS)
monitors the recruitment activity of the Eastern
oyster, Crassostrea virginica (Gmelin 1791),
annually from June through October, by
deploying spatfall (settlement of larval oysters
or spat) collectors (shellstrings) at stations
throughout Virginiain western Chesapeake Bay
tributaries. The survey provides an estimate of
a particular area’s potential for receiving a
“strike” or settlement (set) of oysters on the
bottom and helps describe the timing of
settlement events. Information obtained from
thismonitoring effort is added to a database that
providesan overview of long-term spatfall trends
in the lower Chesapeake Bay and contributes to
the assessment of the current oyster resource
condition and the general health of the Bay
system. These data are also valuable to parties
interested in potential timing and location of shell
plantings.

Results from spatfall monitoring reflect the
abundance of ready-to-settle oyster larvaein an
area, and thus, provide an index of successful
oyster population reproduction and successful
development and survival of larvae to the
settlement stage in an estuary. Environmental
factors affecting these physiological activities
cause seasonal and annual fluctuationsin spatfall,
which are evident in the data.

Data from spatfall monitoring also serve as an
indicator of potential oyster recruitment into a
particular estuary. Settlement and subsequent
survival of spat on bottom cultch (shell) is
affected by many factors, including physical and
chemical environmental conditions, the
physiological condition of the larvae when they
set, predators, disease, and the timing of these
factors. Abundance and condition of bottom

cultch also affects settlement and survival of spat
on the bottom. Therefore, settlement on
shellstrings may not directly correspond with
recruitment on bottom cultch at all times or
places. Under most circumstances, however, the
relationship between settlement on shellstrings
and bottom cultch is expected to be
commensurate.

Thisreport summarizes data collected during the
2002 settlement season in the Virginia portion
of the Chesapeake Bay.

METHODS

Spatfall during 2002 was monitored from thefirst
week of June through the first week of October
in the James River and from the second week of
June through the first week of October in the
Piankatank and Great Wicomico Rivers. Spatfall
stations included 8 historical sites in the James
River, three historical and five new sites in the
Piankatank River, and five historical and four
new sites in the Great Wicomico River (Figure
S1). Inthisreport, historical sitesrefer to those
that have been monitored yearly for at least the
past 10 years whereas “new” sites are stations
that were added during 1998 to monitor the
effects of replenishment efforts by the
Commonweslth of Virginia. The new sitesin both
the Piankatank and Great Wicomico Rivers
correspond to those sites that were considered
“new” in the 1998 survey. Since 1993, the
Virginia Marine Resources Commission
(VMRC) hasbuilt numerousartificial oyster shell
reefs in several tributaries of the western
Chesapeake Bay as well as inshore of
Fisherman’sldland and in Pungoteague Creek on
the Eastern Shore (Figure S2). The change in
the number and location of shellstring sites
during 1998 wasimplemented to provideameans
of quantitatively monitoring oyster spatfall
around these reefs. In particular, broodstock
oysters were planted on a reef in the Great
Wicomico River during winter, 1996 and on reefs
in the Piankatank and Great Wicomico Rivers
during winter, 1997. Theincreaseinthe number
of shellstring sites during 1998 in the two rivers
coincide with areas of new shell plantings in
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spring, 1998 and provides means of monitoring
the reproductive activity of planted broodstock
on the artificial oyster reefs. Since 1998, many
of the reefs and bottom sites in the Piankatank
and Great Wicomico Rivers have received both
broodstock oysters on the reef and shell plants
on the bottom surrounding the reefs. The
specificsin regard to broodstock and shell plants
for 2002 are discussed later in this report.

Oyster shellstrings were used to monitor oyster
gpatfall. A shellstring consists of twelve oyster
shells of similar size (about 76 mm, (3-in) in
length) drilled through the center and strung
(inside of shell facing substrate) on heavy gauge
wire (Figure S3). Throughout the monitoring
period, shellstringswere deployed approximately
0.5 m (18-in) off the bottom at each station.
Shellstrings were usually replaced after a one-
week exposure and the number of spat that
attached to the smooth underside of the middle
ten shells was counted under a dissecting
microscope. To get the mean number of spat
shell-1 for the corresponding time interval, the
total number of spat observed was divided by
the number of shellsexamined (ten shellsin most
cases).

Although shellstring collectors at most stations
were deployed for seven-day periods, therewere
some weather related deviations such that
shellstring deployment periods ranged from six
to fourteen days. These periods did not always
coincide among the different rivers and areas
monitored. Therefore, spat counts for different
deployment dates and periodswere standardized
to correspond to the 7-day standard periods
specified in Table 1. Standardized spat shell-1
(S) was computed using the formula:

S = gpat shell-1/ weeks (W)

where W = number of days deployed / 7.
Standardized weekly periods allow comparison
of spatfall trends over the course of the season
between the various stationsin ariver aswell as
between data for different years.

The cumulative spatfall for each station was
computed by adding the standardized weekly
values of spat shell-1 for the entire season. This

value represents the average number of spat that
wouldfall onany given shell if alowedtoremain
at that station for the entire sampling season. Spat
shell-1 / week values were categorized for
comparison purposesasfollows: 0.10-1.00, light;
1.01-10.00, moderate; and 10.01 or more, heavy.
Unqualified references to diseases in this text
imply diseases caused by Haplosporidium
nelsoni (MSX) and Perkinsus marinus
(Perkinsus or Dermo).

Water temperature and salinity measurements
were taken at al stations. Water was collected
each week from approximately 0.5 m off the
bottom with a Niskin bottle. Temperature
(degrees C) was then measured with an alcohol
thermometer and salinity (in ppt, or parts per
thousand) was measured with a hand-held
refractometer.

RESULTS

Spatfall on shellstring collectors for 2002 is
summarized in Table S1 and is discussed below
for each river system monitored. A summary of
settlement at the historical stations for the past
eleven years appears in Table S2. Unless
otherwise specified, the information presented
below refers to those two tables. In this report
the term peak is used to define the period when
there was a noticeable increase in settlement
throughout a river system. When comparing
2002 datawith historical datainthe JamesRiver,
all eight stationswere used. Dueto the addition
of new sites during 1998 in the Piankatank and
Great Wicomico Rivers, any comparison made
to historical data could not include datafrom all
of thesites sampled during 2002. Historical sites
inthe Piankatank are Burton Point, Ginney Point,
and Palace Bar. Historical sites in the Great
Wicomico include Fleet Point, Glebe Point,
Haynie Point, Hudnall, and Whaley’s East
(Cranes Creek in data reports prior to 1997).

James River

Oyster settlement in the James River was first
observed during the week of June 24 at five out
of the eight stations monitored (Table S1).
Settlement continued from then until the week
of September 30 (the end of monitoring) with
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the highest peak occurring in mid to late July.
Settlement in the Jameswas moderate throughout
most of the season at all eight stations (Figure
). Settlement was fairly cyclical with small
peaks occurring at each station at approximately
twoweek intervals.

Cumulative spat shell-1 / week for 2002 ranged
from alow of 8.3 at Wreck Shoal to a high of
33.8 at Deep Water Shoal. However, some
discretion should be used when looking at Wreck
Shoal given that there were two weeks during
July (when settlement was high at most of the
other stations) when the shellstring was
unrecoverable. The total number of weeks
included in the cumulative number for Wreck
Shoalstherefore, istwo weeks|essthan the other
stations monitored. As has been the case over
the past few years, settlement in the James was
highest at the more upriver sites and on the
northern shore. Prior to about 1998, settlement
inthe Jamestended to be higher downriver along
the southern shore. However since about 1998,
settlement upriver and aong the northern shore
has been similar or higher to that on the
downriver southern shore (Figure S1 and Table
S2).

Settlement in the James River during 2002
showed a relatively large increase over the
previousyear (2001) aswell asover the previous
five-year mean (1997-2001) at all stations
monitored (Table S2). Settlement during 2002
was also higher than the previous ten-year mean
(1992-2001) at all stationsexcept Dry Shoal and
Day’s Point (Table S2: Figures S5A and S5B).
Spatfall during 2002 at Deep Water Shoal and
Swash was the second highest observed in the
past ten years, while settlement at the other
stations during 2002 was among the third and
fourth highest in the past ten years.

Average river water temperatures reached a
maximum in early August (30.0 degrees C:
Figure S6A). Water temperaturesthroughout the
2002 sampling season were similar to the
previous five-year mean (Figure S6A). Salinity
on the other hand was an average of 6 ppt higher
than the previous five-year mean throughout the
entire 2002 sampling season (Figure S6B). There
wasab6to 7 ppt salinity difference between Deep

Water Shoal (the most upriver station) and Day’s
Point (the most downriver station: Figure S1).

Piankatank River

Settlement in the Piankatank River was first
observed during the week of June 24 at Ginney
Point, July 1 at Palace Bar, and July 8 at all of
the other stations monitored (Table S1).
Settlement continued through mid August at most
of the stations sampled. Themagjority of spatfall
occurred in mid to late July with another small
peak in set in mid September primarily at the
more downriver sites (Figure S7). Settlement
was not continuous in the Piankatank River
throughout the season: atwo to three week [ull,
when there was little or no settlement in the
system, occurred in late August to early
September.

Cumulative spat shell-1/ week for theyear ranged
fromalow of 3.1 at Palace Bar toahighof 9.1 at
Cape Toon and 31.0 at Stove Point. It should be
noted that 87% of the spatfall at Stove Point
occurred on one shellstring during the week of
July 15. Spatfall at Stove Point throughout the
rest of the season was comparable with that
observed intherest of the system. In contrast to
the past several years, the Piankatank River
received no broodstock on any of the artificial
oyster reefs, and there was no seed removed or
cultch planted in the system (J. Wesson, VMRC,
Newport News, VA, personal communication).

Spatfall during 2002 showed an increase from
2001 at all stations monitored, including the
historical ones (Table S2: Figure S8). Spatfall
during 2002 was dlightly higher at two (Ginney
Point and Burton Point) out of thethree historical
stations when compared with both the five and
ten-year means. Palace Bar was the only
historical station that did not show an
improvement when compared with the five and
ten-year means. Overall settlement at thesethree
stationswasvery similar to both the five and ten-
year means.

Theaverage Piankatank River water temperature
ranged from 24 to 31 degrees C throughout the
sampling period, reaching amaximum during the
first week of July and again during the last week
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of July. Water temperature did not vary much
from the average temperatures previously
recorded in the river except the two maxima
observed in July during which time the
temperature was 3 to 6 degrees C higher than
the average (Figure S9A). Salinity ranged from
18 to 23 ppt throughout the sampling period.
Similar to the James River, salinity in the
Piankatank River was higher than the previous
five-year mean, averaging a4 to 5 ppt difference
throughout the sampling season (Figure S9B).
The difference recorded between Wilton Creek
(the most upriver station) and Burton Point (the
most downriver station: Figure S1) during 2002
was approximately 1 to 2 ppt.

Great Wicomico River

Settlement in the Great Wicomico River during
2002 was continuous throughout the season
starting during thefirst week of observation, June
17, and continuing on into mid September (Table
S1). Whiletherewasat |east some spatfall every
week throughout the season, the major peak
occurred during the month of Juneand into early
July (Figure S10). Over 70% of the spatfall had
occurred by mid July at all except the two most
downriver sites (Whaley’s East and Fleet Point).
Prior to the 2002 reproductive season (spring
2002), oyster shell (cultch) wasplanted at Haynie
Point (Figure S1). During the 2002 reproductive
season (late June, 2002) broodstock oysterswere
placed ontheartificia oyster reef located at Shell
Bar (Figure S2).

Cumulative spat shell-1/ week for theyear ranged
from alow of 2.4 at Whaley’s East to a high of
33.7 at Harcum Flats and 283.3 at Glebe Point.
As has been observed over the past few years,
settlement at the two stations downriver of Sandy
Point, Whaley’s East and Fleet Point continues
toincrease. Settlement during 2002 was higher
than during 2001 at al of the stations sampled
(Table S2: Figure S11). Settlement was also
higher during 2002 than both the five and ten-
year mean at the five historical stations. Glebe
Point spatfall numberswere comparableto those
observed historically prior to both the onset of
disease in the late 1960's and Hurricane Agnes
in 1972.

Averageriver water temperaturesranged between
24 and 30 degrees C throughout the sampling
season (Figure S12A). Water temperature
reached a maximum in late June and remained
greater than 25 degrees C until late August.
Given the lack of historical data for the Great
Wicomico, temperature and salinity during 2002
could only be compared with the previous four-
year mean instead of thefive-year mean asit was
in the James and Piankatank Rivers. Except for
asmall deviation in early to mid June (3 degrees
C difference), temperaturein the Great Wicomico
during 2002 did not vary substantially from the
previousfour-year mean (Figure S12A). Similar
to what was observed in the James and
Piankatank Rivers however, salinity was higher
than normal (an average of 4 to 5 ppt difference)
throughout the sampling season. Therewerealso
relatively largefluctuationsin salinity (3to 4 ppt)
on aweekly basis early in the sampling season.
There was a 1 to 2 ppt difference in salinity
between the most upriver station (Glebe Point)
and the most downriver station (Fleet Point:
Figure S1) throughout the sampling season.

DISCUSSION

Oyster spatfall during 2002 was among the
highest observed in the past fifteen yearsin all
Virginia tributaries of the western shore of the
Chesapeake Bay. With the exception of parts of
the James River in 1993 and to some extent the
Great Wicomico River in 1997 and the
Piankatank River in 1999, low spatfall has been
prevalent in Virginiasince about 1991. Spatfall
during 2002 was higher at all sites than the
previous five-year mean (1997-2001), except at
Palace Bar in the Piankatank River. Oyster
settlement was al so higher than the previousten-
year mean (1992-2001) at all sites during 2002,
with the exception of Dry Shoal and Day’s Point
in the James River and Palace Bar in the
Piankatank River.

Overall oyster settlement in al three of theriver
systems monitored were among the highest
observed since the early 1990’s. Drought
conditions, which caused an elevation in salinity
throughout most of 2002 (VIMSFerry Pier Data),
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may have played a very important role in all
aspects affecting oysters settlement. In a study
in the upper Chesapeake Bay, 21% of the
variation in spatfall over aforty year period was
explained by a positive correlation with
cumulative excess salinity (Ulanowicz, et al.,
1980). Factors such as gametogenesis or
fecundity, larval survival and growth in the
plankton, quantity and quality of food, and
success of metamorphosis are all affected by
salinity, and in turn could have had an effect on
both the timing and size of the set during 2002.

While the relationship between salinity and
gametogenesis and fecundity is not well
described in the literature we can make some
general observations. Butler (1949) found that
oysters in higher salinity (> 6 ppt) tended to
mature earlier than those in lower salinities. In
the lower salinity animals there was only one
seasonal peak in spawning that occurred later in
the summer as opposed to the two peaks observed
in the higher salinities. This effect would be
especially apparent in the upper James River
where normal spring salinities are below 5 ppt.
If the salinity inthese areasreached the necessary
level for normal gametogenesisearlierintheyear,
then oystersin the upper Jameswould be ableto
contribute morein the higher salinity years, like
2002, than in the lower salinity years (i.e. two
peaksin recruitment as opposed to one). Salinity
may also haveadirect effect on fecundity. Mann
et al. (1994) found fecundity varied significantly
over athree-year period and observed reduction
in fecundity was correlated with declining
salinities. Perhaps with the higher than normal
salinity observed during 2002, the broodstock
throughout the lower Bay had ahigher fecundity.

Lough (1975) found that the optimal temperature
and salinity conditions for maximizing oyster
larval survival and growth in the plankton are
above 30 degrees C and between 18 and 35 ppt.
Water temperature during 2002 was near the
optimum (30 degrees C) in all three of the
systems monitored. In contrast to past years,
temperature remained near the optimum for a
majority of the spawning season. In the James
River during 2002 the salinity was greater than
15 ppt throughout the season and above 18 ppt
from mid July onward. The five-year mean for

theriver on the other hand never reached 18 ppt.
In the Piankatank and Great Wicomico Rivers,
salinity was greater than 18 ppt for the entire
sampling season, with the exception of the few
weeksin the Great Wicomico between late June
and mid July when there were large weekly
sainity fluctuations. Thefive-year mean salinity
(four-year for the Great Wicomico) in both rivers
did not exceed 18 ppt until well into September.
The near 30 degree C water temperatures
combined with the greater than 18 ppt salinities
observedin 2002 most likely played animportant
rolein maximizing larval survival and growthin
the plankton.

Increased salinity may also influence the quantity
and quality of food availableto larvae. Inathree
year study inthe upper Chesapeake Bay by Tyler
(1986), adecrease in flow during adrought year
caused an up-estuary penetration of
phytoplankton species normally confined to the
lower Bay. Given the drought conditionsduring
2002 it islikely that the types of phytoplankton
availableto the oyster larvae were different than
in typical years and perhaps of a better quality.
Salinity can also have an effect on the turbidity
maximum, which occurs at the upper most
intrusion of seawater into an estuary and is
characterized by having a large amount of
suspended sediment. While the turbidity
maximum in the James occurs upriver of the
extant oyster beds (approximately near
Jamestown Island), it still exertsan influence on
downriver oyster populations. An increase in
salinity pushes the turbidity maximum further
upriver, thus decreasing the effect on downriver
oyster populations. The influence of turbidity
on larval feeding remainsasubject of active study
although lowered turbidity can be reasonably
argued to improve feeding conditions, and hence
larval growth and survival.

Oyster larvae have been shown to respond to tidal
stages, swimming up on the flood tide and down
ontheebb tide (Wood and Hargis, 1971). Haskin
(1964) also demonstrated that larval swimming
activity increased with an increase in salinity.
Perhaps the higher than normal salinities during
2002 when larvae were present in the water
column, induced the larvaeto play amore active
roleand henceincreased dispersal into the upper
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reaches of the James River and retention in the
Piankatank and Great Wicomico Rivers.

The high settlement observed during 2002 inthe
Piankatank and Great Wicomico Rivers is
especially encouraging in respect to
replenishment efforts. Broodstock oysters had
been planted on theartificial oyster reefsinwinter
/ spring in both systems for the past four years.
During 2002 however, there was no broodstock
enhancement in the Piankatank and only amodest
addition in the Great Wicomico mid way through
the spawning season (J. Wesson, VMRC,
Newport News, VA, personal communication).
Despite this, both rivers had a relatively high
gpatfall with the majority of the spatfall in the
Great Wicomico occurring prior to broodstock
enhancement. This suggests that the
replenishment efforts are successful especially
in years with optimal environmental conditions
and food supply (aswas observed during 2002),
which are both important to larval survival in
the plankton and successful metamorphosis
(Thompson et al., 1996).
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and ten-year means. “N/A” indicates that data were not available.
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12 The Satus of Virginia’s Public Oyster Resource 2002

Figure S1: Map showing the location of the 2002 shellstring sites. An N following the site name
indicates a new site as specified in the text; al other sites are historical.

James River: 1) Deep Water Shoal, 2) Horsehead, 3) Point of Shoal, 4) Swash, 5) Dry Shoal, 6)
Rock Wharf, 7) Wreck Shoal, 8) Day's Point.

Piankatank River: 9) Wilton Creek (N), 10) Ginney Point, 11) Palace Bar, 12) Bland Point (N),
13) Heron Rock (N), 14) Cape Toon (N), 15) Stove Point (N), 16) Burton Point.

Great Wicomico River: 17) Glebe Point, 18) Rogue Point, 19) Hilly Wash (N), 20) Harcum
Flats (N), 21) Hudnall, 22) Shell Bar (N), 23) Haynie Point, 24) Whaley's East, 25) Fleet Point.
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14 The Satus of Virginia’s Public Oyster Resource 2002

Figure S2: Map showing the location of the artificial oyster reefsin the Virginia portion of the
Chesapeake Bay.

Lynnhaven River: 1) Eastern Branch Reef, 2) Humes Marsh Reef, 3) Long Creek Reef, 4)
Broad Bay Resf.

Lafayette River: 5) Hampton Boulevard Bridge Reef, 6) Tanner’s Point Reef.

Elizabeth River: 7) Western Branch Reef, 8) Craney Iland Reef, 9) Ford Plant Reef, 10)
Deep Creek Reef, 11) Gilmerton Reef, 12) Port Authority Reef.

Back River: 13) Langley Reef.
York River: 14) Felgate's Creek Reef, 15) Amoco Reef.
Mobjack Bay: 16) Ware River Reef, 17) North River Reef, 18) East River Reef.

Piankatank River: 19) Palace Bar Reef, 20) Bland Point Reef, 21) Iron Point Reef, 22)
Burton Point Reef.

Rappahannock River: 23) Upper Waterview Reef, 24) Weeks Reef, 25) Lagrange Creek
Reef, 26) Towles Point Reef, 27) Temple Bay Reef, 28) Drumming
Ground Reef, 29) Ferry Bar Reef, 30) Parrot’s Rock Reef, 31) Mill
Creek Reef, 32) Mosqguito Point Reef, 33) Sturgeon Bar Reef, 34)
Broad Creek Reef, 35) Butler’s Hole Reef.

Great Wicomico River: 36) Shell Bar Reef, 37) Cranes Creek Reef.

Potomac River: 38) Indian Bar Reef, 39) Kinsale Point Reef, 40) Crow Bar Reef, 41)
Coan River Ref.

Eastern Shore: 42) Pungoteague Creek Reef, 43) Fishermen Island Reefs.
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Figure S3: Diagram of shellstring setup on buoys.
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ParT I1.
DREDGE SURVEY OF SELECTED

OvysTeER BARS IN VIRGINIA
DurinG 2002

INTRODUCTION

The Eastern oyster, Crassostrea virginica
(Gmelin 1791), has been harvested from Virginia
waters aslong ashumans haveinhabited the area.
Depletion of natural stocksduring thelate 1880s
led to the establishment of oyster harvesting
regulations by public fisheriesagencies. A survey
of bottom areas in which oysters grew naturally
was completed in 1896 under the direction of
Lt. J. B. Baylor, U.S. Coast and Geodetic Survey.
These areas (over 243,000 acres) were set aside
by legidativeaction for public useand have come
to be known as the Baylor Survey Grounds or
Public Oyster Grounds of Virginia; they are
presently under management by the Virginia
Marine Resources Commission (VMRC).

Every year the Virginia Institute of Marine
Science (VIMS) conducts a dredge survey of
selected public oyster barsin Virginiatributaries
of the western Chesapeake Bay to assess the
status of the existing oyster resource. These
surveys provide information about spatfall and
recruitment, mortality, and changesin abundance
of seed and market-size oystersfrom oneyear to
the next. Thissection summarizesdatacollected
during bar surveys conducted during September
and October 2002.

Spatial variability in distribution of oysters over
the bottom can result in wide differences among
dredge samples. Large differences among
samples collected on the same day from one bar
areanindication that distribution of oystersover
the bottom is highly variable. An extreme
example of that variability can be found in
Southworth et al. (1999) by the width of the
confidence interval around the average count of
gpat at Horsehead (James River, Virginia) during
1998. Therefore, in the context of the present
sampling protocol, differencesin average counts

found at one bar between seasons in the same
year or between counts for the same season in
different years may be the result of sampling
variation rather than actual short-term changes
in abundance. If the observed changes persist
for several years or can be attributed to well-
documented physiological or environmental
factors, then they may be considered areflection
of actual changes in abundance with time.

METHODS

Locations of the oyster bars sampled by VIMS
during September and October 2002 are shown
inFigureD1. Geographic coordinatesof thebars
aregivenin Table D1.

Four samples of bottom material were collected
at a single station on each bar using an oyster
scrape dredge. In all surveys preceding 1995,
sampling was effected using a 2-ft wide dredge
with 4-in teeth towed from a 21-ft boat; volume
collected in the dredge bag was 1.5 bushels.
Beginning in 1995, sampleswere collected using
a4-ft dredge with 4-in teeth towed from the 43-
ft long VMRC vessel J. B. Baylor; volume
collected in the bag of that dredge is three
bushels. Inall surveysahalf-bushel (25 quarts)
subsample was taken from each tow for
examination. Data presented give the average
of the four samples collected at each station for
live oyster and box counts after conversion to a
full bushel.

From each half bushel sample, the number of
market oysters (76 mm = 3-in), in length or
larger), small oysters (< 76 mm, excluding spat),
spat (recently settled, 2002 recruits), new boxes
(inside of shells perfectly clean; presumed dead
for approximately < 1 week), old boxes, and spat
boxes were counted. The presumed time period
since death of an oyster associated with the two
categories of boxes is a qualitative description
based on visual observations. Temperature (in
degrees C) and salinity (in ppt, parts per
thousand) were recorded at each of the dredge
stations at the time of sampling using an alcohol
thermometer and a hand-held refractometer.

During spring and early summer 2002, the
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following changesthat may have had some effect
on settlement and oyster abundance were made
(Figure D1 and D2 for locations). Clean shells
(cultch) were planted on Haynie Point in the
Great Wicomico River and on Hog House in the
Rappahannock River. Cultch was also planted
at severa bars in the Rappahannock River not
included in thisdredge survey, but may have had
an effect giventheir proximity to our sites. These
were Whiting Creek (located just down river of
Hog House) Little Wicks, Big Wicks,
Whitehouse, and Stove Point (located between
Hog House and Smokey Point), and Waterview
(located just upriver of Smokey Point). Shell
was moved (cleaned) from various bars around
the Rappahannock River (Stove Point,
Waterview, LittleWicks, Carter’sCreek, Parrot’'s
Rock, and TowlesPoint) to other areasintheriver
(Whitehouse and Smokey Point). Broodstock
oysters were placed on Shell Bar Reef in the
Great Wicomico River. Therewerea so four new
reefsbuilt inthe Rappahannock River by VMRC
Shellfish Replenishment Program: Towles Point
Reef, Lagrange Creek Reef, Weeks Reef, and
Upper Waterview Reef.

RESULTS

Thirty oyster bars were sampled between
September 30 and October 29, 2002, in six of
the mgjor Virginia tributaries on the western
shore of the Chesapeake Bay. Bar locations are
shownin Figure D1 and Table D1. It should be
noted that Bell Rock inthe York River isaprivate
bar and is included in this report for historical
reasons. Results of this survey are summarized
in Table D2 and unless otherwise indicated, the
numbers presented below refer to that table.

James River

Ten bars were sampled in the James River,
between Nansemond Ridge at the lower end of
the river and Deep Water Shoal near the
uppermost limit of oyster distribution in the
system. Thetotal number of live oystersat Deep
Water Shoal, Horsehead, Point of Shoal, and
Long Shoa wasover 1,000 bushel-1ranging from
1,050 at Point of Shoal to 2,067 at Deep Water
Shoal. Of the other six stations sampled thetotal

number of live oysters was low to moderate
ranging from 227 (Dry Shoal) to 972 (Mulberry
Point) oysters bushel -1. Aswas seen in 2001,
Long Shoal and Deep Water Shoal had the most
live oysters.

The overall number of market oysters in the
James River continuesto below when compared
with historica nhumbers. As in most previous
yearsthe majority of market oysterswere found
at the more upriver sites. The number of market
oysters at the six most upriver sites (Figure D1)
ranged between 10 (Swash) and 25 (Deep Water
Shoal) bushel -1 and the four down river sites
had considerably fewer market oysters ranging
between <1 (Wreck Shoa and Thomas Rock) and
3 (Dry Shoal) bushel -1. Unlike 2001 when there
was a dlight increase in numbers from previous
years, 2002 showed adecreasein market oysters
at all sitesexcept Nansemond Ridge (FigureD3,
D4A, and D4B). For the six most upriver sites
the number of market oystersin 2002 was about
1/3 of those in 2001, whereas the numbers were
very similar between 2001 and 2002 at the more
down river sites.

The number of small oysters bushel -1 ranged
from a low of 40 (Thomas Rock) to a high of
315 (Deep Water Shoal). There wasllittle or no
changein the number of small oystersat most of
the stations sampled, only the three most
downriver sites(Wreck Shoal, Thomas Rock, and
Nansemond Ridge) showed a slight increase in
small oysterswhen compared with 2001 (Figures
D3, D4A, and D4B).

The number of spat ranged from a low of 174
(Dry Shoal) to a high of 1,728 (Deep Water
Shoal) bushel -1. This represented a notable
increase for 2002 when compared with 2001 at
al ten stations sampled (Figure D3, D4A, and
D4B). Inthe past, there has been arelationship
between locationin theriver and the composition
of live oystersin termsof the size distribution of
liveoysters. Asone movesfromthemost upriver
station (Deep Water Shoal) to the most downriver
station (Nansemond Ridge: Figure D1), the
percentage of small oysters tends to decrease
while the percentage of spat tends to increase.
While this held true to a small extent for small
oysters during 2002, the overwhelming number
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of spat at all of the stations tended to dominate
the samples, accounting for 61 ((Swash) to 94%
(Thomas Rock) of thetotal live oysters observed.
During 2002, the lowest percentage of spat was
concentrated near the middle of the sampling
range with both the most upriver and most
downriver sites having the highest percentage.

The average number of boxes bushel-1 ranged
from alow of 35 (Wreck Shoal) to ahigh of 282
(Long Shoal). As has been the case for the past
several years, Long Shoal had the greatest
number of boxes. At al of the stationsmonitored
boxes accounted for less than 30% of the total
oysters found (live and dead). In general there
were more boxesfound at the upper and midriver
sitesand these accounted for ahigher percentage
of thetotal oystersfound (liveand dead). Unlike
in the past when the majority (>75 to 80%) of
the boxes were old, during 2002 there were
substantially more market and spat boxes
accounting for 32 to 66% of the total number of
boxes.

Water temperature during the sampling period
remained fairly constant ranging from 17 to 18
degreesC (TableD2). Salinity wasmorevariable
depending on location in theriver, increasing in
adownriver direction, from 15 ppt at Deep Water
Shoal to 23 ppt at Nansemond Ridge.

York River

The average total number of live oysters
bushel-1 in the York River was 68 at Aberdeen
Rock and 221 at Bell Rock. The oysters found
at both barswere predominately spat accounting
for 74 (Aberdeen Rock) and 84% (Bell Rock) of
the total. There was a noticeable increase in
market oysters and spat at both stations and a
decrease in small oysters at Aberdeen Rock
(Figure D5 & D6). The total number of boxes
(new and old) bushel-1 wasrelatively high at both
sites, 98 bushel-1 at Bell Rock and 27 bushel-1 at
Aberdeen Rock accounting for 31 and 33% of
the total oysters (live and dead) respectively.
Water temperature on the day of sampling was
24 degrees C at both sites. There was a 3 ppt
difference in salinity observed: 20 ppt at Bell
Rock and 23 ppt at Aberdeen Rock.

The Satus of Virginia’s Public Oyster Resource 2002

Maobjack Bay

The average total number of live oysters
bushel-1 in Mobjack Bay was very low. In all
four replicates at Pultz Bar, there were only 1
gpat and 2 boxes counted. At Tow Stake there
were 28 live oysters bushel-1 with most of these
in the small to market size range. There was a
noticeabledecreasein all sizerangesat both bars
(Figure D5) when compared to 2001. This
decrease in oysters marked the fourth year in a
row at Pultz Bar for all size ranges and the third
year inarow at Tow Stake for small oystersand
gpat (Figure D6). For market oysters at Tow
Stake, 2002 was the first year in 7 years where
there was a decrease. Prior to 2002 there had
been a steady increase in market oysters at Tow
Stake beginning in 1996. The total number of
boxeswasrelatively high at Tow Stake when you
consider how few live oysterstherewere. These
accounted for 37% of the total oysters (live and
dead) observed. There were no boxes attributed
to oyster drillsin Mobjack Bay during the fall
2002 sampling. Water temperature was not taken
due to equipment failure. Salinity was 24 ppt
(Table D2) at both stations on the day of
sampling.

Piankatank River

The average total number of live oysters

bushel-1 in the Piankatank River was high at all
three stations ranging from 843 at Burton Point
to 1,289 at Palace Bar. The number of market
Size oysters at all three stations continues to be
low, but has been on asteady increase since about
1996 including an increase between 2001 and
2002 (Figure D7 & D8). The magjority of live
oysters observed were spat, (as high as 1,185
bushel -1 at Palace Bar), accounting for greater
than 90% of the total live oysters at all three
stations. This constituted a substantial increase
in the number of spat when compared with 2001
(Figure D7). Small oysters on the other hand
exhibited a decrease at Burton Point and Palace
Bar and no change at Ginney Point when
compared with 2002. Discounting 2000 and
2001 (both low settlement years), spatfall in the
Piankatank has been steadily increasing since
about 1997 (Figure D8). There was arelatively
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low number of boxes bushel -1 observed at all
three sites ranging from 47 (Burton Point and
Ginney Point) to 74 (Palace Bar). Boxes
accounted for about 5% of the total oysters (live
and dead) sampled. Old boxes accounted for
about half of the total number of boxeswith the
other half being a 50/50 split of new boxes and
spat boxes. At Burton Point about 50% of the
spat boxes observed had drill holes suggesting
predation by oyster drillsalthough therewereno
drills found in any of the samples. Water
temperature was 20 degrees C and salinity was
approximately 17 ppt at all stations on the day
of sampling (Table D2).

Rappahannock River

The average total number of live oystersin the
Rappahannock River was low at al ten stations
sampled ranging from 12 (Hog House) to 281
(Broad Creek) bushel -1. There appearsto be no
relationship between the total number of live
oysters and location in the river (i.e. upriver vs.
downriver: Figure D1), temperature, or salinity
(Table D2) asseeninthe JamesRiver. However,
all four stationswith greater than 100 total oysters
bushel-1 were located downriver of the
Corrotoman River (TableD2 and FigureD1). In
terms of spat, with the exception of Middle
Ground located off the Rappahannock in the
Corrotoman River, the number of spat bushel-1
tends to increase as one moves downriver. The
stations upriver of the Corrotoman River were
composed of primarily market and small oysters
whereas the stations downriver of the
Corrotoman were composed of small oystersand

spat.

The number of market oysters ranged from 7
(Hog House) to 27 (Ross Rock) bushel -1.
Drumming Ground near the mouth of the
Corrotoman River had the largest number of
small oysters bushel -1 with 132. The largest
numbers of spat were found at Parrot Rock,
Broad Creek, and Middle Ground, with 112, 147,
and 195 spat bushel -1 respectively. Therewasa
noticeable, but small increase in market oysters
at all stations except Smokey Point when
compared with 2001 (Figures D9, D10A, and
D10B). The number of market oysters at Broad

Creek hasremained relatively steady since about
1994 (Figure D10B). Bowler’'s Rock, despite
seeding at this site for several years, was on a
steady decline in market oysters until the 2002
survey, when there was a dlight increase. There
was a noticeable increase in small oysters at
Drumming Ground and Broad Creek, and a
decrease at Bowler’s Rock, Long Rock,
Morratico Bar, and Smokey Point. When
compared with 2001 therewasan increasein spat
at Ross Rock, Bowler’s Rock, and Middle
Ground and a dlight decrease in spat at Broad
Creek.

Thetotal number of boxes bushel -1 ranged from
1 (Ross Rock) to 83 (Drumming Ground). At
Long Rock, Morratico Bar, and Smokey Point
greater than 45% of the total oysters (live and
dead) were boxes. At the other stationslessthan
30% of the total oysterswere boxes. In contrast
to years past, when observed boxes were
primarily old, during 2002 there were a greater
number of new boxes with as many as 31
bushel -1at Drumming Ground. Therewereonly
afew spat boxes observed in any of the samples.
At Broad Creek, 2 out of the total 11 spat boxes
observed had drill holes in them, which is
indicative of predation by oyster drills although
no drills were actually collected.

Water temperature on the day of sampling ranged
from 24.5 to 26 degrees C. Salinity increased
moving from the most upriver station (Ross
Rock: 13 ppt) toward the mouth (Broad Creek:

20 ppt).

Great Wicomico River

The average total number of live oystersin the
Great Wicomico River at the two stations
downriver of Sandy Point (Figure D1) was low
to moderate with 108 (Whaley’s East) and 317
(Fleet Point) bushel -1. Haynie Point on the other
hand (located up river of Sandy Point) had a
relatively high total number of oysters bushel -1
with 994. The live oysters found were
predominately small and spat at Whaley’s East
(34 and 61% of the total respectively) and spat
at Haynie Point and Fleet Point (94 and 70% of
total). There was a noticeable increase in the
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number of market and small oysters at Haynie
Point and Fleet Point when compared with 2001
and adecreasein small oystersat Whaley’s East
(FiguresD11 and D12). For thesecondyearina
row, there was an increase in spat at al three
stations. Boxesmade up 3 (Haynie Point) to 21%
(Whaley’s East) of the total (live and dead)
oysters counted. These boxes were
approximately half old boxeswith the other half
being a50/50 split of new and spat boxes. There
were no drill holes (indicative of oyster drills) in
any of the spat boxes observed. Water
temperature was 17.5C and salinity was around
21 ppt on the day of sampling.

DISCUSSION

As is well known, the abundance of market
oysters throughout the Chesapeake Bay region
has been in serious decline since the turn of the
century. In recent years the greatest
concentration of market oysters on Virginia
public grounds has been found at the upper limits
of oyster distribution (lower salinity areas) inthe
James River and Rappahannock River, with the
exclusion of Broad Creek in the Rappahannock
River. Presently, the abundance of market oysters
in the Virginia tributaries of the Chesapeake
remains low (mean of 12 market oysters

bushel -1).

In contrast to recent years where the bulk of the
oyster population consisted primarily of small
oysters, the oyster demographics during 2002
consisted primarily of spat indicative of a good
recruitment / spatfall year. All of the stations
(18 of the total 30 sampled) in the James, York,
Piankatank, and Great Wicomico Rivers had a
higher percentage of spat than small or market
oysters combined. This constituted a 2 to 14
fold increase over 2001 at all 18 stationsin those
four systems, except Dry Shoal in the James
wherethere was no difference between 2001 and
2002 spatfall. Mobjack Bay and the
Rappahannock River were the only two systems
monitored that did not show the pattern of ahigh
percentage of spat. Over the past few years,
Mobjack Bay has been characterized by a low
number of extant oysters which in turn has
resulted in poor recruitment in that system.
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Historically oyster demographics in the James
River showed a downstream trend where the
number of spat increased while the number of
small oysters decreased. Circulation in the
system is such that oyster larvae from the upper
limits of oyster abundance (lower salinity areas)
areflushed further down river to set at the higher
salinity sites (Haven and Fritz, 1985). However
during 2002, given the overwhelming number
of spat (especially at some of the more upriver
sites), this pattern was not apparent. Instead it
was similar to the pattern discussed in Mann and
Evans (1998) suggesting both upstream and
downstream larval dispersal. Asdiscussed earlier
in the first part of this report, this discrepancy
was most likely related to the higher than normal
salinities observed throughout most of 2002
(VIMS Ferry Pier Data).

Caution must be used when interpreting fall
dredge spatfall data, especially inyearswhenthe
increase is relatively small. Take for example
the apparent increase in spatfall in the James
River between 2000 and 2001 (Southworth et al.,
2002). The timing of the set is important in
interpreting the data. In years when spatfall
occurs earlier (asin 1999 and 2000), the natural
mortality that occurs post-settlement occursover
alonger timeframe (in terms of time from set to
sampling). For example, assume 1000 spat
bushel -1 set during both 1999 and 2000.
However, during 1999 the spat did not set until
the end of September, whereas during 2000, the
spat were all set by the end of August, creating a
difference of one-month post-settlement
mortality time. Assuming amortality rate of 50%
each month, by sampling time during 2000 there
would be 500 spat bushel -1, whereas during 1999
there would only be 250 spat bushel -1. During
2001, the majority of the spatfall occurred later
in the season (September), allowing for lesstime
for post-settlement mortality to occur prior tofall
sampling. If the increase in 2001 were a true
increase then one would have expected there to
be an increase in small oysters during 2002.
There was a small increase in small oystersin
the JamesRiver at thethree most down river sites,
but not at the rest of the sites which implies the
increase in spat during 2001 was most likely a
discrepancy due to a change in temporal scale.
When interpreting the 2002 data, one must use
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the same precautions, but given the high numbers
of spat observed during thefall survey especially
considering the majority of the set occurred early
in the season, is encouraging. One can expect
that at least the James, York, Piankatank, and
Great Wicomico Riverswill have anincreasein
small oysters during 2003.

Settlement in the lower reaches of the
Rappahannock, while not an increase over 2001
(which was a relatively good year), was still
among the highest seen over the past ten years
in that river system. Similar to the Piankatank
and Great Wicomico Rivers, there were several
reefs built in the lower reaches of the
Rappahannock in 2000 and 2001 and in the upper
reaches during 2002 (Figure D2). While these
reefs were not supplemented with broodstock,
just the building of three-dimensional reefs has
been shown to increase oyster survival (Mann et
al., 1996). If oysters survive on the reefs better
than on the bottom cultch, then onewould expect
ahigher spatfall around and adjacent to thereefs
asthe years progress.

While the observed number of spat is
encouraging the number of boxes is equally
discouraging. Eighteen out of the thirty stations
sampled had at least a two-fold increase in the
number of boxes when compared with 2001.
This was most likely caused by an increase in
disease due to the higher than normal salinity as
previously mentioned. Salinity during the fall
2002 sampling was an average of 2 ppt higher at
all of the stations sampled when compared with
2001. Disease prevaence tends to increase as
salinity increases (Calvo and Burreson, 2000).

Theoverall number of spat boxesrecorded during
2002 was relatively high compared to the past
few years, which isn’t surprising given the
increase in spatfall. At Burton Point, in the
Piankatank River, the percentage of thetotal spat
boxes found to have small drill holes in them
remained relatively high similar to the past three
years. There were also a few spat boxes at
Nansemond Ridgein the James River and Broad
Creek in the Rappahannock River found to have
drill holesinthem. These holeswere most likely
caused by the oyster drills Urosalpinx cineraand
Eupleuracaudatawhich arecommon inthelower

Chesapeake Bay. Both of these specieshavebeen
shown to be voracious predators of oyster spat
causing mortality throughout most of the
Chesapeake Bay (Carriker, 1955) up until the
occurrence of Hurricane Agnes (1972) which
wiped them out in al but the lower reaches of
the James River and mainstem Bay (Haven,
1974). However, individuals of both of these
species and drill eggmasses have been found in
recent yearsin the mouths of the Piankatank and
Rappahannock Rivers, including some in the
1999, 2000, 2001, and 2002 dredge samples. The
drill boxes found at Nansemond Ridge in the
James River and Broad Creek in the
Rappahannock River werethefirst onesthat have
been recorded in those systems since Hurricane
Agnes (1972).



32 The Satus of Virginia’s Public Oyster Resource 2002

Table D1: Station locations for the VIMS Fall dredge survey.

STATION LATITUDE LONGITUDE
James River
Deep Water Shoal 37 0856 76 3808
Mulberry Point 37 0709 76 3755
Horsehead 37 0624 76 3802
Point of Shoal 37 0437 76 3836
Swash 37 0552 76 36 44
Long Shoal 37 0435 76 3701
Dry Shoal 37 0341 76 3614
Wreck Shoal 37 0337 76 3420
Thomas Rock 37 0132 76 2933
Nansemond Ridge 36 5520 76 2710
York River
Bell Rock 37 2905 76 4458
Aberdeen Rock 37 2000 76 36 06
Mobjack Bay
Tow Stake 37 2018 76 2328
Pultz Bar 37 2022 76 2316
Piankatank River
Ginney Point 37 3200 76 2412
Palace Bar 37 3136 76 2212
Burton Point 37 3054 76 19 42
Rappahannock River
Ross Rock 37 5404 76 4721
Bowler's Rock 37 4935 76 4408
Long Rock 37 4859 76 42 50
Morattico Bar 37 46 55 76 39 33
Smokey Point 37 4307 76 3448
Hog House 37 3830 76 3304
Middle Ground 37 4100 76 2824
Drumming Ground 37 3838 76 27 59
Parrot Rock 37 3621 76 2520
Broad Creek 37 3437 76 1803
Great Wicomico River
Haynie Point 37 4947 76 18 33
Whaley's East 37 4831 76 18 00

Fleet Point 37 4835 76 1719



Molluscan Ecology Program, Virginia Institute of Marine Science

Table D2: Results of the Virginia public oyster grounds survey, Fall 2002.York River station numbers (*) are based
on two 1 bushel samples. “**” indicates a private bar. Middle Ground (#) is located in the Corrotoman River, a
subestuary of the Rappahannock River system.

) Water - Average number of oysters | Average number of boxes
Station Date Salinity per bushel per bushel

temp.
(°C) (ppt) | Market | Small Spat Total New old Spat Total

James River
Deep Water Shoal | 10/29 | 17.0 15.0 245 | 3145 | 17275 | 20665 | 325 107.0 215 161.0
Mulberry Point | 10/29 | 17.0 16.0 115 | 1915 | 7685 | 9715 40.5 89.0 15.0 1445
Horsehead | 10/29 | 17.0 16.0 170 | 2505 | 9915 | 1259.0 | 625 1455 16.0 224.0

Point of Shoal | 10/29 | 17.0 155 165 | 1685 | 8650 | 1050.0 | 56.5 109.5 115 1775

Swash | 10/29 | 17.0 18.0 100 | 1695 | 2795 | 459.0 56.5 1175 95 1835

Long Shoal | 10/29 | 17.0 17.0 195 | 2755 | 1054.0 | 13490 | 725 173.0 36.5 282.0

Dry Shoal | 10/28 | 18.0 20.0 3.0 50.0 | 1735 | 226.5 155 67.0 16.5 99.0

Wreck Shoal | 10/28 | 18.0 21.0 0.5 520 | 4095 | 462.0 115 17.0 6.5 35.0

Thomas Rock | 10/28 | 18.0 22.0 0.5 395 | 6255 | 6655 45 10.0 15.0 295
Nansemond Ridge | 10/28 | 18.0 23.0 2.0 645 | 686.0 | 752.5 25 18.0 195 40.0
York River*
Bell Rock ** | 10/10 | 24.0 20.0 13.0 215 | 1865 | 221.0 225 68.0 75 98.0
Aberdeen Rock | 10/10 | 24.0 23.0 35 14.0 50.0 67.5 7.0 18.0 2.0 27.0
Mobjack Bay
Tow Stake | 9/30 N/A 24.0 105 17.0 05 28.0 55 105 0.5 16.5

Pultz Bar | 9/30 N/A 24.0 0.0 0.0 05 0.5 0.0 15 0.0 15

Piankatank River
Ginney Point | 10/21 | 175 20.0 135 88.0 | 8330 | 9345 14.0 26.0 7.0 47.0

Palace Bar | 10/21 | 17.0 20.0 9.5 95.0 | 11845 | 1289.0 | 145 455 14.0 74.0

Burton Point | 10/21 | 17.5 20.0 7.0 280 | 8080 | 843.0 45 275 155 475
Rappahannock River
Ross Rock | 10/2 26.0 13.0 26.5 52.5 25 815 1.0 0.0 0.0 1.0

Bowler's Rock | 10/2 26.0 15.0 325 14.0 8.0 54.5 4.0 21.0 1.0 26.0

Long Rock | 10/2 26.0 15.0 115 7.0 20 20.5 35 155 0.0 19.0

Morattico Bar | 10/2 26.0 17.0 245 30.5 35 58.5 7.0 435 1.0 515

Smokey Point | 10/2 25.0 18.0 115 175 12.0 41.0 6.5 35.0 05 42.0

Hog House | 10/2 25.0 19.0 7.0 35 1.0 115 0.0 25 05 3.0

Middle Ground # | 10/2 25.0 18.0 155 700 | 1945 | 280.0 10.0 46.0 2.0 58.0
Drumming Ground | 10/2 24.5 19.0 145 1315 89.0 235.0 305 49.0 35 83.0
Parrot Rock | 10/2 26.0 19.0 115 520 | 1120 | 1755 6.0 19.0 4.0 29.0

Broad Creek | 10/2 26.0 20.0 245 | 109.0 | 147.0 | 2805 9.0 52.0 55 66.5

Great Wicomico River
Haynie Point | 10/23 | 17.5 21.0 45 575 | 9315 | 9935 55 17.0 105 33.0

Whaley's East | 10/23 | 17.5 21.0 45 37.0 66.0 107.5 35 19.0 6.0 285

Fleet Point | 10/23 | 17.5 20.5 16.0 795 | 2210 | 3165 16.0 28.0 85 52.5
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Figure D1: Map showing the location of the oyster bars sampled during the 2002 dredge survey.
James River: 1) Deep Water Shoal, 2) Mulberry Point, 3) Horsehead, 4) Point of Shoal, 5)
Swash, 6) Long Shoal, 7) Dry Shoal, 8) Wreck Shoal, 9) Thomas Rock,
10) Nansemond Ridge.
York River: 11) Bell Rock, 12) Aberdeen Rock.
Mobjack Bay: 13) Tow Stake, 14) Pultz Bar.
Piankatank River: 15) Ginney Point, 16) Palace Bar, 17) Burton Point.
Rappahannock River: 18) Ross Rock, 19) Bowler’s Rock, 20) Long Rock, 21) Morattico
Bar, 22) Smokey Point, 23) Hog House, 24) Middle Ground, 25)
Drumming Ground, 26) Parrot Rock, 27) Broad Creek.

Great Wicomico River: 28) Haynie Point, 29) Whaley’s East, 30) Fleet Point.
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Figure D2: Map showing the location of the artificial oyster reefsin the Virginia portion of the
Chesapeake Bay.

Lynnhaven River: 1) Eastern Branch Reef, 2) Humes Marsh Reef, 3) Long Creek Reef, 4)
Broad Bay Resf.

Lafayette River: 5) Hampton Boulevard Bridge Reef, 6) Tanner’s Point Reef.

Elizabeth River: 7) Western Branch Reef, 8) Craney Island Reef, 9) Ford Plant Reef, 10)
Deep Creek Reef, 11) Gilmerton Reef, 12) Port Authority Reef.

Back River: 13) Langley Reef.
York River: 14) Felgate’'s Creek Reef, 15) Amoco Reef.
Mobjack Bay: 16) Ware River Reef, 17) North River Reef, 18) East River Reef.

Piankatank River: 19) Palace Bar Reef, 20) Bland Point Reef, 21) Iron Point Reef, 22)
Burton Point Reef.

Rappahannock River: 23) Upper Waterview Reef, 24) Weeks Reef, 25) Lagrange Creek
Reef, 26) Towles Point Reef, 27) Temple Bay Reef, 28) Drumming
Ground Reef, 29) Ferry Bar Reef, 30) Parrot’s Rock Reef, 31) Mill
Creek Reef, 32) Mosquito Point Reef, 33) Sturgeon Bar Reef, 34)
Broad Creek Reef, 35) Butler’'s Hole Reef.

Great Wicomico River: 36) Shell Bar Reef, 37) Cranes Creek Reef.

Potomac River: 38) Indian Bar Reef, 39) Kinsale Point Reef, 40) Crow Bar Reef, 41)
Coan River Reef.

Eastern Shore: 42) Pungoteague Creek Reef, 43) Fishermen Island Reefs.
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IN THE JAMES RIVER (2001-2002)

FIGURE D3: COMPARISON OF OYSTER ABUNDANCE BY SIZE CATEGORY
(error bars represent standard error of the mean)
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FIGURE D4A: JAMES RIVER OY STER TRENDS
OVER THE PAST 10 YEARS
(error bars represent standard error of the mean)
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FIGURE D4B: JAMES RIVER OY STER TRENDS
OVER THE PAST 10 YEARS
(error bars represent standard error of the mean)
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FIGURE D6: YORK RIVER AND MOBJACK BAY OYSTER
TRENDS OVER THE PAST 10 YEARS
(error bars represent standard error of the mean)
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FIGURE D8: PIANKATANK RIVER OYSTER TRENDS
OVER THE PAST 10 YEARS

(error bars represent standard error of the mean)
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FIGURE D10A: RAPPAHANNOCK RIVER OYSTER TRENDS
OVER THE PAST 10 YEARS
(error bars represent standard error of the mean)
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FIGURE D10B: RAPPAHANNOCK RIVER OY STER TRENDS
OVER THE PAST 10 YEARS
(error bars represent standard error of the mean)
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FIGURE D12: GREAT WICOMICO RIVER OY STER TRENDS
OVER THE PAST 10 YEARS
(error bars represent standard error of the mean)
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