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ABSTRACT: Populations of eastern oyster, (Crassostrea virginica) and sedimentation erosion
along the southeast coast are becoming a concern for society and many researchers. Oysters are
an important species for estuaries, bays and shorelines of the southeast. Yawkey Preserve in
Georgetown, SC is an ideal location for this type of restoration effort. Winyah Bays’ high energy
can provide challenges for preserving these shorelines naturally and expand populations of
oysters. Utilizing man-made materials and native plants may provide beneficial results for
continuing research. Using patented interlocking blocks for recruitment of oysters, natural marsh
grass (Spartina alterniflora), planted for erosion control, may determine if these efforts will
continue and what adjustments need to be made for future projects.

INTRODUCTION: The Eastern oyster, Crassostrea virginica, populations that once thrived in
coastal regions have been greatly reduced along coastal shorelines of the eastern United States
for many years. Declines have been a result from environmental concerns, excessive harvesting
and disease (Breitburg et al. 2000). Oysters are sessile mollusks found in the class Bivalvia,
which means they have two shells that protect the soft body mass of the oyster and have an
elastic ligament that controls the opening of the shell. In the southeast oysters form a three
dimensional reef that extend vertically into the water column and are exposed during low tide
(Bahr & Lanier 1981). Oyster reefs generally form from the settlement of oyster spat on a
suitable substrate. Reefs expand as subsequent generations of oysters settle on living adult
oysters and dead oyster shell that surrounds the newly formed reef (Bahr & Lanier 1981). In the
southeastern United States, most oyster reefs are intertidal because in the high salinity estuaries
of this area marine predators such as oyster drills and boring sponges decimate subtidal oyster
populations (Dame, 1976). Because of the economic and ecological value of this specialized
habitat, projects have been conducted at multiple scales to restore subtidal and intertidal oyster
reefs to their historical extent (Alix et al. 2010). From an environmental standpoint, oysters are
an indicator species that reflect the health of their surrounding ecosystem. Oyster reefs provide
nesting habitat, settlement areas, and refuge for numerous species of fish and invertebrates
(Wenner et al. 1996; Coen et al. 1999).The filtration capacity of an average oyster is estimated to
be 50 gallons per day (http://www.cbf.org/Page.aspx?pid=511); they not only clean the water but
their reefs whether natural or artificial, provide sanctuary for many marine species and can
reduce the erosion potential along intertidal shorelines, especially in high energy areas. The
construction of hard substrate structures along shorelines may allow not only oysters to recruit
and grow, but maintain and improve sedimentation erosion along these ecosystems. Furthermore,
the use of marsh grass (i.e. Smooth cordgrass, Spartina alterniflora), can create an additional
ingredient in maintaining erosion and assist in the development of artificial oyster reefs. Because
of the sloping continental shelf and the daily tide changes along the southeast coast, Spartina
alterniflora is natural vegetation (Bahr & Lanier 1981). In recent years living shorelines pilot
projects have been installed along the southeast coast of the United States. More common
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shoreline vegetation is often planted in conjunction with oyster restoration projects to provide
additional reduction in shoreline erosion and create a more diverse habitat structure.
STUDY SITE: The site location for the Living Shorelines Pilot Project is situated along the
shoreline of the Tom Yawkey Wildlife Preserve on South Island in Georgetown, South Carolina
(Figure 1). The shoreline runs along the western side of Winyah Bay, where the Waccamaw,
Great Pee Dee, Little Pee Dee, Black and Sampit rivers flows into the Atlantic Ocean. These
castle configurations were based on work being studied by The Nature Conservancy in the Cape
Romain National Wildlife Refuge, located near McClellanville, South Carolina, (SC). The South
Island site location was selected due to the presence of oysters in Winyah Bay and the erosion
along the estuarine shoreline.
Figure 1 – Shown below is a location map of Winyah Bay in Georgetown, South Carolina. The eastern edge of the Tom
Yawkey Wildlife Center is South Island, which is the area of interest for the oyster installation project. The study area is
highlighted in green.

There are ten separate castle groups extending approximately one mile along the shoreline of
Winyah Bay within the intertidal zone (Figure 2). Two of the groups (numbers one and six)
consist of two castle configurations, while the remaining eight have six separate castle
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configurations making up the group. These castle groups were assembled along the shoreline on
South Island within the Yawkey Wildlife Preserve in September of 2010. (Please refer to
materials and methods section for construction detail). In September of 2010 volunteers from
Horry-Georgetown Technical College, (HGTC) assisted The Nature Conservancy in the
assembly of each castle group site, and planted marsh grass (Spartina alterniflora) behind each
group along the beach. A Hydrolab MS5 was installed on the old Coast Guard pier at the extreme
north end of the project site. A three inch PVC pipe was equipped with metal fasteners and
attached to a treated 2x6 piece of lumber then screwed into the piling on the pier with 6”
stainless steel screws. To allow water to flow freely through the pipe a number of holes were
created on the entire length of the pipe.
Figure 2 – The figure below shows the layout of the ten groupings of oyster castles that were installed on South Island for
the project. Each star represents an oyster grouping. Each grouping consists of 6 configurations of oyster blocks, except
groups one and six which have only two configurations. The green circle with the star within it represents the location of
the Hydrolab unit that was placed off of the Old Coast Guard Pier on South Island.

MATERIALS AND METHODS: The main component for this project was the use of concrete
blocks, which are shaped to create greater stability in stacking, the interlocking of each
individual configuration of stacking blocks are called “castles”, (Figure 3). Each site consisted of
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either two or six castle configurations, which in turn are called castle groups. These castle blocks
are constructed for the specific purpose and use of oyster recruitment research and are a viable
spatial assessment tool to determine distribution patterns of oysters prior to a large scale
restoration project. Made by Allied Concrete in Virginia, these blocks have a Gold Cradle to
Cradle Certification (http://www.mbdc.com/detail.aspx?linkid=2&sublink=8). Each block
measures 12” x 12” x 8” and is composed of concrete, limestone, crushed shell and pozzolan
(micro-silica) to promote oyster recruitment and growth. All configurations consist of three tiers
of these specialized concrete blocks, ten on the lower tier, six on the center tier and three on top
with an interlocking nature (Figure 4). Volunteers planted marsh grass (Spartina alterniflora)
behind each group along the beach of the Yawkey Wildlife Preserve. Please refer to Appendix
IV for the monitoring schedule.

Figure 3 - The images below represents multiple configurations of the oyster blocks. (A) Shows how the configurations are
set up on shore, and represent one of many possible castle configurations possible. (B) Gives an above view of the
configuration to show the interlocking nature of the blocks. The interlocking aspect of the blocks allows for the various
configurations to be made.

A
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B

Figure 4-The image above explains the different terminology for oyster castles. A single castle block is circled in orange.
These are four walled single blocks with 12”x12”x8” dimensions. A castle configuration is made by stacking single blocks
so that the upper level ones lock the lower blocks in place. This is shown within the green circle. This forms a 3D
formation on the shore. Each configuration for this project included 19 singular blocks. A castle group, shown circled in
purple, is two or more configurations grouped into one area. In this project there are ten groupings with six or two
configurations within each group.

Spartina alterniflora was planted in October 2010 behind each castle group one month after the
castles were assembled, in an attempt to minimize erosion and maximize protection for the
castles and oyster spat recruitment. Monitoring the S.alterniflora was performed bi-monthly,
using a (0.25m2) quadrant, recording the number of live shoots vs. dead shoots. Densities were
determined using reference points of existing S.alterniflora at two points within the project site.
The first point is located 100’ south of the Old Coast Guard pier where the Hydrolab was
installed. The second reference area of S.alterniflora, a remaining population from the existing
marsh area is located along the beach between castle group three and four. Existing population
median values were calculated from both sites and determined to have 14.55 sprouts per
quadrant. Our target was 10% density of our reference value over the first year. A density of 1.45
sprigs was our goal.
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Water quality, an essential ingredient for the recruitment and survival of oysters was monitored
using a Hydrolab MS5. Data was recorded from February 2010 thru August 2010 and the
downloaded data include the following parameters; salinity, temperature, pH, turbidity, depth
and dissolved oxygen.
To measure sedimentation rates behind the castles a 2” surface grab was implemented. Sediment
samples were collected once a month by setting a (0.25m2) quadrant behind the back left corner
of each individual castle group. An 8 oz. yogurt container was trimmed down to a two inch
height and used for the collection of the sedimentation samples by placing it behind each castle
group at pre-determined locations within the 0.25m2 quadrant. Once the container was in place a
stainless steel spoon was used to scoop the sediment that was located within the open ended
container and the two samples were combined and stored in a zip lock bag for analysis and
labeled with the castle group number. The 2” grabs samples were taken at the identical location
behind each castle group on each scheduled date. The sediment samples were then taken to the
Belle Baruch lab at Hobcaw Barony in Georgetown, SC. Working with Clemson University each
sample was allowed to dry before measuring grain size and composition with the Laser
Diffraction Grain Analyzer. Once dried, each bag was processed through the analyzer and the
data was recorded for later compilation, which will be used to assess grain size and help with the
assessment of sedimentation accretion or erosion at the project site.
Vibracore sampling was also performed along the shoreline of this project by Coastal Carolina
University to determine soil composition within the research site. This report can be found in
Appendix 1.

Figure 5 – Shown circled in red in the image below is the Hydrolab unit that was attached to the Old Coast
Guard Pier. The Hydrolab can give reliable water quality data consistently for two weeks at a time. This way
we can better understand what factors are helping and hindering oyster growth as time passes during the
project.

DATA ANALYSIS:
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Water Quality: Data was collected from the Hydrolab MS5 from February 1st through July 8th.
The collection point was located at the northern end of the project site. The start of May saw
average temperatures reach temperatures being recorded also increased salinity levels. The
average salinity levels were 24.05 ppt at the end of May increasing to 31.7 ppt at the beginning
of July. The first visual spat recruitment was seen on June 25th when average salinity was
recorded at 27.14 ppt and temperatures at 83.21 degrees Fahrenheit (Figure 6).

Figure 6: The chart below shows the temperature and salinity levels for the South Island shoreline area from
February 2011 to July 2011. The data on the chart was obtained by using the Hydrolab. This data helps to
understand how water quality plays a role in oyster growth. This is especially important with regards to what
is needed to support the presence of spat, which includes the part of the oyster lifecycle in which the “baby”
oyster finds a surface to attach upon and begin to grow.

South Island Temperature and Salinity Data from February to July 2011.
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Spartina alterniflora (marsh grass): This site location presented an extraordinary level of wave
energy that is channeled through Winyah Bay. Within the first three months of the project, castle
groups four through ten were completely cleared of all of planted marsh grass (Spartina
alterniflora). By March, the marsh grass was retained only behind castle groups one and three,
both with declining numbers of sprigs. The sprig count in August showed castle group one
maintained its numbers, castle group three was cleared of sprigs for the first time and castle
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group two showed signs of regenerating marsh grass sprigs. All other castles have not been able
to regenerate growth. As of the final date of monitoring (September 24, 2011), castle group one
had retained sprig numbers, castle group two lost all sprigs and castle group three experienced a
slight regeneration in sprig counts. See spreadsheet in Appendix II.
Figure 7: Image (A) shows the planting of the Spartina alterniflora in the fall of 2010. This planting was to
help negate the effects of erosion and to study how the Spartina plays a role in coastal ecosystems. Image (B)
shows almost a year after the original planting. It can be seen how little of the Spartina was able to regenerate
after being washed over multiple times and after sedimentation accrual.

Castle Group 2
10/2010

Castle Group 1
8/2011

Sedimentation: With the tremendous wave energy that flows through Winyah Bay, this site
experienced varying degrees of change. Frequently, sedimentation behind the castle groups
would demonstrate erosion and accretion, group three seemed to demonstrate this process more
than others. Because of the changing levels of sedimentation, the planted Spartina alterniflora
was not able to survive and develop behind most of the castle groups. Noted on castle group
eight on the September 24th monitoring date was the loss of spat and oyster growth. After
Hurricane Irene passed by the area at the end of August of 2011 a number of the castle groups’
experienced excessive sedimentation build up and caused the mortality of previously recruited
spat on castle group seven and eight. Sediment samples collected from behind the castle groups
were analyzed and the complete results of the analysis are included in Appendix III. All of the
sediment samples that were analyzed were composed mainly of sand particles. The median
values for each sample were graphed (Figure 8) and display a few patterns about the castles
groups. Castle groups 1 and 2, located at the northwestern end of the bench, demonstrated very
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similar results. Castle groups 4, 5, 6, 7, 9 and 10 were similar and the sediment atmosphere was
generally the same and fell between 400 – 800 micromilligrams during the sampling period.
Castle group 3 was the only area that experienced excessive erosion on two separate occasions,
where all sand particles were removed leaving only a clay base. Castle group 8 trended a little
more toward the larger end of the scale and was located in a high energy area of the South Island
beach shoreline.
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Figure 8 – The above graph shows the median sediment grain size in micrometers. All of the castles
experienced similar accretion and erosion patterns with the exception of castle group 3.
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Figure 9 – Below are two examples from the project site showing the sedimentation accrual and erosion
effects during the project. Image (A) compares was about a month before image (C). The two images are both
of oyster group 5 and show the immense amount of sedimentation which buried the castles. Images (B) and
(D) are of group three taken approximately two months apart of one another. This is the only group to suffer
from excessive erosion, and was left bare in September.

A: Group 5

B: Group 3

8/2011

7/2011

C: Group 5

D: Group 3

9/24/2011

9/24/2011

Oyster Recruitment: January21st 2011 was the start of visual inspection for spat recruitment on
all ten castle groups. The first week of May recorded water temperatures reached700 F. On May
27th barnacles appeared on the lower tiers of the castle configurations that were located closest to
the water’s edge, on castle groups two and three, attaching themselves to the lowest or base tier
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of the castle configuration. This was an ongoing occurrence with attachment of barnacles and
spat. Lower tiers on castle groups two, three, seven, and eight were all experiencing this
recruitment. The second row of these same castle groups showed no recruitment and remained
void of any. All four of those castle groups were constructed lower within the intertidal zone. On
June 25th spat was observed on the Hydrolab (installed at the northern end of the project site), as
well as the lower tiers of castle groups two and three. The Hydrolab had nine spat; castle group
two had recruited multiple spat where as castle group three had recruited only one. Recruitment
of spat continued to increase on groups two and three, still the lower tiers closest to the water
were the only areas of recruitment. It wasn’t until the scheduled monitoring date of August 6th
that spat started to recruit on groups seven and eight.

Figure 10: Images of spat growth at various times occurring on group 2. Pictures A & B taken 7/9/2011 and
Pictures C & D taken 9/24/2011. In (A) shows the beginning of spat accrual on the blocks, (B) spat increasing
in size, (C) actual oyster growth on the blocks, and (D) increased oyster growth on group 2.
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CONCLUSION: Our project attempted to simulate irregular elevations of natural oyster reefs.
This is one attempt to establish recruitment of oysters and stabilize intertidal shorelines
artificially. Different approaches are being developed that may assist in the future of oysters
along the southeastern shorelines and estuaries of the United States. Restoration efforts will
become more important in the coming years not only for oysters and the ecosystems they can
provide but for the benefit of erosion control along the southeastern shorelines. Creating living
shorelines can have great benefits for society, tidal, and intertidal ecosystems. Because of results
attained from this project an additional project with some minor adjustments will be
implemented on North Island within the Yawkey Preserve. This project can continue to be a
teaching tool as demonstrated in September with a lecture of the project and its’ ramifications for
future oyster studies and their benefits to the Wildlife class of Professor Westerhold at HGTC.
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APPENDIX:
Appendix I: Vibracore data report from Coastal Carolina University
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Appendix II: After planting the Spartina alterniflora plugs, the site was monitored and sprouts of
Spartina were counted to see if there was re-growth or plants that still exist from the original
planting.

YAWKEY LIVING SHORELINE PILOT PROJECT: SPARTINA SPRIG COUNTS
CASTLE
GROUP 1

CASTLE
GROUP 2

CASTLE
GROUP 3

CASTLE
GROUP 4

CASTLE
GROUP 5

CASTLE
GROUP 6

CASTLE
GROUP 7

CASTLE
GROUP 8

JAN

22 24

1 0 2 2 5 10 0 0 0 0 2 0

JAN

2 2

1 2 1 0 0

MARCH

16 20

1 0 1 0 6

9 0 0 0 1 1 0

MARCH

0 0

0 0 0 0 0

MAY

15 14

1 0 0 1 0

2 0 0 0 0 0 0

MAY

0 0

0 0 0 0 0

7

0 0 0 0 0

3 0 0 0 0 0 0

JULY

0 0

0 0 0 0 0

AUGUST

18 15

0 0 6 0 0

0 0 0 0 0 0 0

AUGUST

0 0

0 0 0 0 0

SEPTEMBER

20 11

0 0 0 4 6

0 0 0 0 0 0 0

SEPTEMBER

0 0

0 0 0 0 0

JULY

6

Appendix III: Table of all of the sediment grain measurements taken to record the differences in
grain size between the ten groups of castles.
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Appendix IV: Documentation of the schedule to be followed for the duration of the project. This
also includes the monitoring information and schedule that was followed during the project.

Yawkey Living Shoreline Monitoring Schedule
DATE

Low Tide

Water Quality

Oyster
Visual

Jan. 21, 2011

3:32PM

Install housing

x

Jan. 31, 2011

12:33PM

Feb. 14,2011

10:57AM

Install
Hydrolab
x

Feb. 28,2011

11:18AM

x

x

Mar. 18 2011
Apr. 1 2011

2:04PM
1:55PM

x

x

x

x

Apr. 15 2011
Apr 29 2011
May 13 2011
May 27 2001
June 10 2011
June 25 2011
July 9 2011

12:43PM
12:34PM
11:19AM
11:03AM
9:55AM
10:12AM
9:33AM

x
x
x
x
x
x

x
x
x
x
x
x

x

x

x

x

July 23 2011
Aug 6 2011
Aug 20 2011
Aug. 27, 2011
Sept 10, 2011
Sept 24, 2011

8:41AM
8:15AM
7:03AM
1:26PM
1:43PM
12:09PM

x
x
x
x
x

x
x
x
x
x

x

x
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Oyster
Photos

Spartina
Density

Soil
Erosion

x

x
x

x
If needed

x

x
x
x

x

x
x

x

x

x

x

x

x

x

