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INTRODUCTION

The Virginia Institute of Mane Science
(VIMS) monitors recruitment of the
Eastern oyster Crassostrea virginica
(Gmelin, 1791), annually from late spring
through early fall, by deploying ap
collectors (shellstrings) at various sites
t hroughout
Chesapeake Bay tributaries. The survey
provides an
potential for receiing a "strike" or
settlement (set) of oysters on the bottom

and helps describe the timing of
settlement events in a given year.
Information  obtained  from  this

monitoring effort provides ra overview

of longterm settlementtrends in the
lower Chesapeake Band contributes to
the assessment of the current oyster
resource condition and the general health
of the Bay. These data are also valuable
to parties interested in potential timing
and location of shell plantings.

Results from settlementmonitoring
reflect the abundance of reatiysettle
oyster larvae in an area, and thus, provide
an index of oyster population
reproduction as well as development and
survival of larvae to the settlement stage
in an estuary. Environmental factors
affecting these physiogical activities
may cause seasonal andannual
fluctuations in spat settlemenwhich are
evident in the data.

Data from settlementmonitoring also
serve as an indicator of potential oyster

N |

recruitment into a particular estuary.
Settlement and subgeent survival of

spat on bottom cultch (shell that is
available for larvae to settle on) are
affected by many factors, including
physical and chemical environmental
conditions, the physiological condition of
the larvae when they settle, 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 ples.

Virgin i Undgeismost cirgustances; owever, the

relationship between settlement on

cultch is expected to be commensurate.

This report summarizes data collected
during the 2011 settlement season in the
Virginia portion d the Chesapeake Bay.

METHODS

Spat settlement during 201 was
monitored from the last week of May
through thdast week of Septembaer the
James, Piankabhk and Great Wicomico
Rivers. Monitoring sites included eight
historical sites in the James River, three
historical and five modern sites in the
Piankatank River andvie historical and
four modern sites in the GaeWicomico
River (Figure S1). In this report,
Ahi storical 6 sites
been monitored annually for at least the
past twenty years
are sites that were added during 836
monitor the effects of replenishment
efforts by the Commonwealth of
Virginia. The modern sites in both the
Piankatank and Great Wicomico Rivers
correspond to those sites that were

esti mat eshelstrings apdareqrujtngent |t pottor e a 6 s

refer
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consier ed Ainewd in th
Since 1993, the Virginia Marine
Resources Commission (VMRC) has
built numerous artificial oyster shell reefs
in several tributarie of the western
Chesapeake Bay arid both Pocomoke
and Tangier Sounds on the eastern side of
the Chesapeake Bay
(http://www.vims.edu/research/units/labg
roupsiolluscan_ecology/restoration/va_
restoration_atlas/index.phpThe change
in the number and location of shellstring
sites during 1998 was implemented to
provide a means of quardvely
monitoring oyster spat settlemestound
some of these reefsin paricular,
broodstock oysters were planted on a reef
in the Great Wicomico River during
winter 199697 and on reefs in the
Piankatank and Great WicomidRivers
during winter 199798. The increase in
the number of shellstring sites during
1998 in the two rivey coincided with
areas of new shell plantings in spring
1998 and provides a means of monitoring
the reproductive activity of planted
broodstock a 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 reefs as well as
shell plants on the bottom surrounding
the reefs.

Oyster shellstrings were ed to monitor
oyster settlementA shellstring consists
of twelve oyster shells of similar size
(about 76 mm, (3in) in length) drilled
through the center and strung (inside of
shell facing the substrate) on heavy gauge
wire (Figure S2). Throughout the
monitoring period, shellstrings were
deployed approximately 0.5 m (®) off
the bottom at each sit&hdlistrings were
usually replaced after a oneeek
exposure and the number ofster spat

¢hat 4tt8chedl to ther smoathyunderside of
the middle ten shells was countaader a
dissecting microscopeTo obtain the
mean number of spat shéllfor the
correspnding time interval, the total
number of spat observed was divided by
the number of shells examined (ten shells
in most cases).

Although shellstring collectors at most
sites were deployed for-day periods,
there were some weather related
deviations soh  that  shellstring
deployment peods during 2011ranged
from 7 to 14 daysThese periods do not
always coincide among the different
rivers monitored or in different years
Therefore, spat counts for different
deployment dates and periods were
standardizé to correspond to the-day
standard periods specified in Table 1 to
allow for comparison among rivers and
years Standardized spat shél(S) was
computed using he f or mul a:
shell® / weeks (W) where W& number of
days deployed / 7Standardized weekly
periods allow comparison of settlement
trends over the course of the season
between various sites in a river as well as
between data for differenegrs.

The cumulative spat settlemefar each
site was computed by adding the
standardized weekly values of spat shell
for the entire sampling periodhis value
represents the average number of spat
that would fall on any given shell if
allowed toremain at that siteof the
entire sampling perio®pat shelt values
were categorized for comparison
purposes as follows: 0.1000, light;
1.01-10.00, modeate; and 10.01 or more,
heavy.Unqualified references to diseases
in this text imply diseses caused by
Haplosporidium nelsoni (MSX) and



Perkinsus  marinus (Perkinsus or
Dermo).

Water  temperature and  salinity
measurements were taken weekly

approximately 0.5 m off the bottom at all
sites using a handheld electronic probe
(YSI 85. Water temperare was
recorded in degrees CelsiusCf and
salinity was recorded in parts per
thousand (ppt).

RESULTS

Settlement on shellstring collectors
during 2011 is summarized in Table S1
and is discussed belovior each river
system monitored. Table S2 includes a
summary of settlement for the past
twenty years at the historical sites in all
three river systems and the past thirteen
years for the modern sites in the
Piankatank and Great Wicomico Rivers.
Unless otkrwise  specified, the
information presented below refers to
those two tables. In this report the term
Apeako is used to
there was a noticeable increase in
settlement at a particular site or area in
the system compared with the otlsites

or when there was an increase at all sites
throughout an entire river system.

When comparing 2011 data with
historical data in the James River, all
eight sites were used. All of the sites
monitored in the James River are
considered to be part ohe traditional
seed area. Historically seed oysters were
transplanted from this area to other
tributaries in the Chesapeake Bay where
recruitment was low (Haven & Fritz
1985). Dueto the addition of sites
(modern)during 1998 in the Piankatank
and Great Wiomico Rivers, any

comparison made to historical data could
not include data from all othe sites
monitored during 2011. Comparisons
were made over the past thirteen years for
the modern sites whereas the historical
sites include twenty years of data.
Historical sites in the Piankatank River
are Burton Point, Ginney Point and
Palace Bar. Historical sites in the Great
Wicomico River include Fleet Point,
Glebe Point, Haynie Point, Hudnall and
Whal ey 6s East (Cranes
reports prior to 1997).

James River

Oyster settlement (also traditionally
termed spat settlement or spat setjhe
James River was first observed during the
week of July 1 at seven out of the eight
sites monitored settlement was not
observed at Deep Water Shoal until the
week of July 15; (Table S1). Once
settlement began in early July, it was
relatively consistent for the rest of the
monitoring period with the exception of
the week of September 9 when there was

d esetilemant at dnly thrpesaquti 0b the eight e n

sites There was a large pk in
settl ement observed
during the week of August 5, accounting
for 77% ofthetotal settlementt that site
for the year (Figure S3). Approximately
65% of the total sdementobserved at
Rock Wharf occurred during the weeks
of July 29 and August 5 (Figure S3). For
all of the sites in the James Rivthe
majority of spat settlement (> %8
occurred betweethe weeks of July 1 and
August 12

Settlement in the James River during
2011 was moderate to heavy ranging
from a low of 7.0 (Deep Water Shoal) to
a high of 33.8 (Dry Shoal and Rock
Wharf) cumulative spat shél(Table S1,

at
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Figure S4). Whilespat shelf values
throughout the James River during 2011
ranged in the nddle of thoseobserved
over the past twenty vyears of
observains, they werestill lower than
the previous year (2010) as well as the 5,
10 and 26yr means at all eight sites
monitored in the system (Table S2)
should be noted that the relatively high
longterm means (5, 10 and 3@) are
primarily being driven by a few
exceptional years (1991, 1993, 2008 and
2010).

Average river water temperaturdsring
the monitoring periodanged from 23 to
29 C (Figure S5A). Water temperature
reached the maximum a29 C in the
beginning of August. Water temperature
was @proximately3 C higher than the
longterm means when sampling first
began, but was within normal range by
the middle of June (Figure S5A). With
the eception of the weelof August 12,
water temperatre during 2011 was
similar (within 1 C) to the longterm (5,
10 and 26yr) means throughout most of
the rest of the sampling period.

During the first week of sampling,
salinity was 3 to 4 pplower than the 5
and 10yr mean (Figure S5B). Salinity
was similar to the 5, 10 and 3@ mean
from the second week of June through
the second week of August. From then
until the end of the survey salinityas 2

to 6 ppt lower than th&, 10 and 2§r
meais for the system (Figure S5B).
Between the week ofeptember 2 and
September 9salinity in theJames River
decreased by approximately 5 ppt. This
was most likely a result of an increase in
run-off/stream flow from Hurricane Lee
(Figure S5B) The differelme in salinity

in any given week between the most
upriver site (Deep Water Shoal) and the

most downriver
Wreck Shoal; Figure 1) ranged from 6 to
10 ppt.

Piankatank River

Settlement in the Piankatank River was
first observed durig the week of June 3
at five out of the eight sites monitored
(Table S1; Figure S6). Settlement was
relatively consistent throughout the
sampling season occurring at a majority
of the sites each week. There were two
notable peaks in setting in the Piankdkta
River during 2011. The first occurred
during the week of July 1 and the second
during the week of September 2,
approximately 62% of thepat settlement
observed in the system occurred during
these two weeks, with a slightly higher
proportion of it ocurring during the July
peak (Figure S6).

Cumulative spat shéllfor the year was
heavy ranging from a low of 14.1 at
Palace Bar to a high of 32.0 at Ginney
Point (Table S1). &tlementduring 2011
was lower than that observed during 2010
(a notably exceptional year) at all of the
sites monitored except Stove Point (Table
S2). Sttlementduring 2011 was higher
than the 16yr mean at alkight sites and
higher than the fyr mean at all ofthe
sites except Cape Toon (Table S2).
Settlement at the three historical sites was
higher than the 29r mean at Palace Bar
and Ginney Point, but lower than the-20
yr mean at Burton Point. Overall
settlement in the Piankatank River during
2011 was good,ranking the second
(Wilton Creek, Heron Rock, Cape Toon
and Stove Point) and third (Bland Point)
highest recorded in thirteen years of
monitoring at the modern sites and the
second (Ginney Point and Burton Point)
and fourth (Palace Bar) highest recorded

sites

( Da



in twenty years of monitoring at the
historical sites (Figure S7).

The average water temperatdiging the
2011 sampling perioth the Piankatank
River ranged from 23 to 3C. Water
temperature was € higher than the-gr
mean during the first week of s@ling
and 6C higher than the 5, 10 and-20
mean during the second eek of
sampling. (Figure  S8A).  Water
temperature continued to bslightly
higher (1 to 2C) than the long term
means throughout therdt half of the
sampling periodreaching a maximu of
30 C during the week of July 22,
approximately one week earlier than
when the seasonal maxima is typically
reached (Figure S8A). Water temperature
in the system was similar to the leng
term means (5, 10 and 30) throughout
most of the months of Augti and
September (Figure S8A).

Salinity in the Piankatank River during
2011 was an average of 3 ppt lower than
the 5, 10 and 29r means throughout the
majority of the sampling period, with the
largest difference (5 ppt) occurring
during the last two wée of monitoring
(Figure S8B). The only time salinity was
similar to the longerm means (less than
2 ppt difference) was during the first
three weeks of August (Figure S8B). The
decrease in salinity observed during the
last month and a half of sampling sva
most likely a result of Hurricane Irene,
which directly impacted the Chesapeake
Bay during the last week of August and
Hurricane Lee which indirectly impacted
the Chesapeake Bay in the middle of
September with record flooding and fun
off from the Susquednna River into the
main stem of the Chesapeake Bay. The
difference recorded in any given week
between Wilton Creek (the most upriver

site) and Burton Point (the most
downriver site: Figure S1) was 1 to 3 ppt
throughout most of the sampling period.

Great Wicomico River

Settlementn the Great Wicomico River
during 2011was first observed during the
week of June 10 at thdive most
downriver sites due to adverse weather,
we were unable to collect shellstrings at
the four mostupriver sites during that
week). Settlement throughout the system
was consistent from the middle of June
through the second week of July,
intermittent to absent from the middle of
July through the end of August and then
light and intermittent for the rest of the
monitoring period (Table S1; Figure S9).
There was a systemide peak that
occurred during the week of July 1 that
accounted for approximately 61% of the
total settlementfor the season(Figure
S9). The majority ofspat in the Great
Wicomico setled betweenthe week of
June 17 andiuly 8 Overall, this four
week perid accounted for 95% of the
total spatsettlemenin the systenfor the
year, ranging from 67% of the total at
Whal ey o6s East t o
Glebe Point

Cumulative spat shéllfor the year was
moderate at Fleet Point (5.5) and
Whal ey 6 s .5),Ethe ttwo Gites
downriver of Sandy Point (Figure S1).
Settlement at the other seven sites was
heavy ranging from a low of 22.7 spat
shell* at Haynie Point to a high of 134.0
spat shell at Glebe Point.Settlement
during 2011 at Glebe Point, Hilly Wash,
Harcum Flats, Hudnall and Haynie Point
was higher than that observed during
2010. Settlement was either lower than or
there was no change during 2011 when
compared with the previousys meanat

99 %



all nine stes monitored During 2011
settlement was higher than the previous
10yr mean at Glebe Point, Hudnall,
Shell Bar, Haynie Point and Fleet Point
and higher than the 2¢r mean at four
out of the five historical sites (Glebe
Point was the exception; Table )S2
Overall settlement in the Great Wicomico
River during 2011 was moderate ranking
from the third to the sixth highest
recorded over the past thirteen (modern
sites) to twenty (historical sites) years of
monitoring (Figure S10).

Average river water tempatures ranged
from 23 to 30C throughout the sampling
period reaching the maximum during the
week of July 22 (Figure S11A)Vater
temperature in the Great Wicomico River
for the first two weeks of sampling was
around 4C higher than the longerm
means forthe system similar to that
observed in the James and Piankatank
Rivers (Figure S11A). After this two
weekperiod water temperatureemained
within 2 C of both the 5 and 1gr mears

for the rest of the sampling season
(Figure S11A). While temperature
remained similar to the lonterm means
during this time, there was one notably
sharp drop in temperature (@) observed
between the week of September 9 and
September 16 (Figure S11A).

Salinity ranged from 8 to 15 ppt, reaching
a maximum in mid-August (Figure
S11B). Similar tathe obsenationsin the
Piankatank River, salinity in the Great
Wicomico River was an average of 3 ppt
lower than both the 5 and 48 means
throughout most of the sampling period
(Figure S11B). Salinity had started to
rebound and retarto normal by early to
mid-August but dropped once again
following Hurricanes Irene and Lee, such
that by the end of the sampling period,

salinity in the system was 6 ppt lower
than both the 5 and 38 means (Figure
S11B). There was a 1 to 2 ppt diffece

in salinity between the most upriver site
(Glebe Point) and the most downriver site
(Fleet Point: Figure S1) throughout most
of the sampling period.

DISCUSSION

With some exceptions in each of the
rivers during \arious years, lowto
moderate spat setlement (seasonal
cumulative total of less than 10 spat shell
) has been common in Virginia since
1993 (69% of all year/site combinations).
However, settlement on the shellstrings
over the past five years (20@D011) has
been on the rise such that 69%atif of
the year/site combinations had heavy
settlement (seasonal cumulative total of >
10 spatshell®). Settlement was moderate
to heavy in all areas monitored during
2011, among the highest observed in the
past twenty years of monitoring at several
sites. Settlement in the Piankatank River
ranked the second to fourth highest over
the past twenty years at the three
historical sites and the second to third
highest over the past thirteen years at the
five modern sites.Settlement at the
upriver Great Wicomico River sites,
while low when compared to the past
several years was still relatively high
when compared with most of the 1990s
and early 2000s.

Overall settlement on shellstrings in the
James River during 2011 wasoderate

to heavy. Comparison of 2011 settlement
values with the longerms means show
that the 2011 values were less than the 5,
10 and 2&r means, however as
previously mentioned these long term
means are dominated by four strong year



classes (1991, 23, 2008 and 2010). The
average cumulative spathell® across
these four years ranged from 74.6 (Deep
Wat er Shoal) t o
whereas the average across all of the
other years (including 2011) ranged from
3.9 (Deep Water
Point). Excluding the four exceptional
years of 1991, 1993, 2008 and 2010, the
2011 data indicate a relatively good year
having the highest to fourth highest
settlement out of the remaining seventeen
years in the time series. Historically the
bulk of the pat settlement in the James
River occurred later in the season than in
the Piankatank and Great Wicomico
River systems (late August into
September versus June and July; Haven
& Fritz 1985). Since the late 1970s
however, the timing of settlement in the
Jame River has been more in line with
the other two systems (Southworth &
Mann 2004) and settlement during 2011
in the James River once again followed
this more modern pattern with the bulk of
spat settlement occurring by early
August.

Despite salinity beig 2 to 6 ppt lower
than the longerm means throughout
most of the sampling period, settlement
on the shellstrings in the Piankatank
River was heavy, with cumulative
numbes of spat shell for the season
among the highest observed over the past
thirteen (nodern sites) to twenty
(historical sites) years of monitoringor
the past several years broodstagisters
(small plus market) in the systeimas
been on the rise. B number of
brookstockoystersin the system during
2011 was the highest observed duttiing
past twenty years of monitoring (Part I,
this report). Density of the broodstock is
an important factor in determining
fertilization success (Mann & Evans

S h o Rive)

1998) and size is important in that
fecundity, the number of eggs produced
per oyster, increasenonlinearly with an

2 1 5incigase (inhaomyadss (CoP & Manrt 1992,

Mann & Evans 1998). This may help
explain why settlement in the Piankatank
haso re@rnetl tO D engdérate
conditions over the past few years,
including 2011 despite the lower than
normal salinites Butler (1949) found
that very low salinities (less than 5 to 6
ppt) may inhibit gametogenesis, but as
long as salinities remain higher than that,
salinity appears to have no effect. While
salinity in the Piankatank wdswer than
normal, it remained ell above the 6 ppt
threshold suggested by Butler throughout
the spawning season. The timing of
setlementin the Piankatank River was
early with 65% of the total spat for the
seasonbeing recordedby the week of
July 22.

Settlement in the Great Wicomidiver,
while not as high as has been observed
over the pastfive years was still
relatively high when compared with the
late 1990s and early 2000s. When
compared with the previous eight
(modern sites) and fifteen (historical
sites) years, settlement ovidre past six
years has been consistently high at all
nine sites in the Great Wicomico River.
For the five historical sites the average
spat shell® between 1991 and 2005
ranged from 1.2
(Glebe Point), whereas the average
between 206 and 2011 ranged from 6.7
(Fleet Point) to 167.1 (Glebe Point). This
was a five to eleven fold increase in
settlement during the past six years over
the previous fifteen vyears. For the
modern sites, the average spstell*
between 1998 and 2005 rangedm 3.2
(Shell Bar) to 5.4 (Harcum Flats),
whereas the average between 2006 and

(Whal eyo



2011 ranged from 40.5 (Shell Bar) to
119.0 (Harcum Flats). This was a twelve
to twentytwo fold increase during the

past six years when compared with the
previous eight years.
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Table S1: Average number of spat shell ! for standardized week beginning on the date shown. "D" indicates the date deployed and "-" denotes a week when a shellstring was

not collected.

STATION 5/27 6/3 6/10  6/17 6/24 7/1 7/8 7/15 722 7/29 8/5 8/12 8/19 8/26 9/2 9/9 9/16 9/23  YEAR
147 154 161 168 175 182 189 196 203 210 217 224 231 238 245 252 259 266 TOTAL
JAMES RIVER
Deep Water Shoal D - 0 0 0 0 0 0.6 1.3 1.5 0.2 2.3 0.8 - 0.2 0 0.1 0 7.0
Horsehead D 0 0 0 0 0.6 0.9 2.9 2.0 4.6 0.98 1.2 0.9 - 0.3 0 0.6 0 15.0
Point of Shoal D 0 0 0 0 0.1 0.3 0.5 0.7 2 0.6 0.5 0.7 1.3 0.4 0 - 0.2 8.0
Swash D 0 0 0 0 0.5 0.3 2.4 0.8 4.9 1.6 1.9 0.5 0.5 0.4 0 0 0.3 14.1
Dry Shoal D 0 0 0 0 0.4 2.2 2.2 6.2 6.5 5.2 3.1 252 - 1.1 0.7 2.8 1.2 33.8
Rock Wharf D 0 0 0 0 0.1 - 1.:2 4.5 10.1 118 3.0 1.4 - 1.4 0 0.2 0.1 33.8
Wreck Shoal D 0 0 0 0 0.4 1.0 4.3 1.3 7.2 0.8 0.7 0.8 - 0.5 0.1 04 - 17.5
Day's Point D 0 0 0 0 0.2 1.0 0.2 0.4 1.7 19.8 - 1.0 - 0.1 0.1 1.1 0 25.6
PIANKATANK RIVER
Wilton Creek D 0.2 0.6 2.0 38 54 1.6 0.2 0 0.1 0.9 0 0 0.2 2.5 0.4 0.2 0.3 18.4
Ginney Point D 03 0.6 2.0 1.6 19.3 2.7 0.4 0 0.1 2.1 0.2 0 0.1 1.2 0.2 0.6 0.6 32.0
Palace Bar D 0 0.4 0.7 1.8 7.0 0.8 0 0.1 0 0.3 0.3 0 0.3 1.2 0.7 0.5 0 14.1
Bland Point D 0.1 0.5 0.6 0.6 4.9 0.5 0.2 0.2 0 0.5 0.1 0.2 6.1 6.8 0.4 0.6 0.2 22.5
Heron Rock D 0 0.2 0.1 0.8 158 0.1 0.2 0 0 0.2 0.1 0.3 04 3.2 0.3 0.7 0.1 22.5
Cape Toon D 0.1 0.2 0.9 3.0 13.7 1.6 0.4 0.6 0.2 0.1 1.5 0.7 0.5 8.2 - 1.2 0.2 33.1
Stove Point D 0.2 0.5 0.2 27 10.9 1.6 0.1 0.1 0.1 0.3 0.1 0.1 T 4.5 0.3 0.9 0.7 26.0
Buiton Point D 0 0.3 0.4 1.3 5.7 0.2 0.3 0.8 0.1 0.4 0.4 0.2 0.7 4.9 1.2 0.6 0 17.5
GREAT WICOMICO
Glebe Point D 0 - 1.7 8.0 69.6 54.1 0.1 0 0 0 0 0 0.2 0.3 0 0 0 134.0
Rogue Point D 0 - 1.0 2.6 22.3 3.9 0 0.2 0 0 0 0.1 1.4 1.8 0.1 0.1 0 33.5
Hilly Wash D 0 - 1.8 7.3 30.3 1.8 0.1 0 0 0 0 0 0.8 0.8 0 0.2 0.2 433
Harcum Flats D 0 - 0.8 6.2 38.1 4.3 0.1 0 0.1 0 0 0 0.7 0.2 0.2 0.2 0.1 51.0
Hudnall D 0 0.8 3.5 6.3 304 1.8 0.1 0 0 0 0 0 0.8 0.5 0.1 0.2 0 44.5
Shell Bar D 0 0.7 38 4.6 271 1.5 0.1 0 0 0 0 0.1 1.4 0.2 03 03 0.1 40.2
Haynie Point D 0 0.1 4.4 4.5 10.8 0.4 0 0 0 - 0 0.1 1.2 0.9 0.1 0.2 0 AT
Whaley's East D . 0.2 0.3 0.9 2.3 0.2 0.3 0 0 0 0 0 0.2 0.7 0.1 0.1 0.2 5.5
Fleet Point D 0 0.2 0.1 277 1.9 0.6 0.1 0 0 0 0.1 0.1 0.2 0.5 0 0 0 6.5




Table S2: Spatfall totals for historical sites (1991-2011) and for 1998-2011 at sites where historical data are not available. Values presented as the cumulative sum of spat shell” values for each year. "+" and "-
" indicate the direction of change in 2011 in reference to 2010 and to the five, ten, and twenty-year means. Blank cells for a site indicate years where data are not available. NC indicates a change of less than 1

spat shell” in either direction.

STATION 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 |Mean| Mean [Mean)Ref. |Ref | Ref | Ref.
06-10] 01-10 | 91-10|2010| 5-yr | 10-yr| 20-yr
TAMES
Deep Water Shoal 106 07 157 06 17 05 13 12 57 07 20 338 01 16 1.0 21 53 2523 17 197 70| s62]| 319 |179] - | - | - .
Horsehead 247 3.6 437 32 03 36 24 11 38 23 40 244 00 3.6 13 22 42 2276 42 1150 150 706| 387 |238| - | - | - 2
Point of Shoal 214 54 737 150 48 23 23 15 35 07 40 313 01 31 11 22 86 2936 29 650 80| 745]| 412 |272]| - | -] - .
Swash 63.7 462 48 18 22 17 16 68 26 35 260 05 119 14 1.8 63 4815 52 525 141|1094| 590 | 383 - | - | - z
D1y Shoal 217 142 119.0 25.8 2.8 11.0 1.1 11 61 3.7 21 165 06 87 31 85 49 2696 89 2402 33.8|1064| 563 |482| - | - | - -
Rock Wharf 114 343 107 02 24 56 21 80 10 85 227 01 100 44 19 198 3475 50 2724 338[1293| 692 |404]| - | - | - .
Wreck Shoal 353 33 155 22 26 100 07 07 31 09 32 83 13 216 31 41 41 5843 71 641 1751327 701 [ 388| - | - | - 2
Day's Point 146 14.2 1315 422 3.0 46 56 04 73 43 16 105 01 36 16 19 308 2492 3.0 3350 256]|1240| 637 |a9s| - | - | - .
PIANKATANK
Wilton Creek 19 59 36 02 65 01 02 04 39 29 121 41 209 184] 87| 51 | [P [
Ginney Point 254 114 1.7 00 05 13 00 22 64 68 12 59 02 02 03 39 71 183 45 637 320[195) 105 [ so| - | + | + | +
Palace Bar 389 249 50 08 10 16 00 55 101 39 02 31 01 05 02 21 46 75 59 303 141|101| 54 | 73| - |+ | + | +
Bland Point 23 441 27 13 67 02 04 10 37 11.0 11.1 47 347 225|130] 75 0 T
Heron Rock 101 93 32 06 51 02 07 04 11 99 74 54 282 225|104] 59 S (R
Cape Toon 45 123 12 18 91 01 20 26 82 235 234 99 1932 33.1| 516 274 wi | s | B
Stove Point 1.0 71 18 16 310 01 07 1.7 70 199 141 60 232 260/| 140]| 105 + | -] +
Burton Point 164 117 65 01 10 1.0 07 13 149 27 08 49 02 19 09 29 106 71 30 190 175 85| 51 | 54| - | + | + | -
GREAT WICOMICO
Glebe Point 19 05 02 00 15 06 212 06 24 42 1.1 283 49 1.6 2.0 1503 132.9 140.6 405.6 39.5 134.0|173.8| 1162 | 597 + | - | + | -
Rogue Point 09 20 26 07 166 7.0 05 26 881 112.0 1262 929 829 33.5|1004| 529 I
Hilly Wash 06 1.6 32 08 241 29 05 19 439 1269 137.7 81.7 27.6 433| 83.6| 448 G | s | =
Harcum Flats 01 13 08 11 337 37 07 15 110.7 1353 273.3 1123 313 5L0[1326] 703 + | -1 -
Hudnall 45 05 08 00 01 02 391 05 09 1.0 14 127 31 06 09 374 517 83.0 443 325 445|498| 268 | 158 + | - | + | +
Shell Bar 00 29 08 08 178 19 03 09 296 303 781 185 462 402| 405| 224 - [ Nel| +
Haynie Point 124 06 14 00 1.0 37 44 07 11 11 09 154 16 03 08 171 248 431 86 178 227|223 130 | 78| + [wc| + | +
Whaley's East 79 01 02 00 03 21 10 04 18 02 07 24 09 01 04 60 216 19 23 164 55| 96| 52 | 33| - | - |Nc| +
Fleet Point 58 29 20 00 03 26 34 03 05 06 10 39 04 03 04 49 86 84 13 102 65| 67| 39 | 29| - |nc| + | +




Figure S1 Map showing the location of the 20Ehellstring sites. An M following the site name
indicates a modern site as specified in the text; all other sites are historical. James River: 1) Deep

Water Shal, 2) Horsehead3) Point of Shoal, 4) Swash, 5) Dry Shoal, 6) Rock Wharf, 7) Wreck
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Figure S2: Diagram of shellstring setuplaroys
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50

375

25

12.5

FIGURE S3: JAMES RIVER (2011) WEEKLY SPAT SETTLEMENT INTENSITY
EXPRESSED AS NUMBER OF SPAT SHELL
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FIGURE S4: SETTLEMENT TRENDS OVER THE PAST 20 YEARS AT ALL 8 SITES

IN THE JAMES RIVER (upriver sites in panel A; downriver sites in panel B)

(expressed as cumulative weekly spatfall)
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WATER TEMPERATURE (degrees C)

SALINITY (PPT)
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(Error bars represent standard error of the mean; shaded area represents the bulk of the settlement during
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FIGURE S5: TEMPERATURE AND SALINITY IN THE JAMES RIVER DURING THE
SETTLEMENT PERIOD: 5, 10 AND 20-YEAR MEANS COMPARED WITH 2011

n is the number of data points used to calculate the mean)
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FIGURE S6: PIANKATANK RIVER (2011) WEEKLY SPAT SETTLEMENT INTENSITY

EXPRESSED AS NUMBER OF SPAT SHELE
(H = historical station: M = modern station as described in text)
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