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Executive Summary
The Palmetto Plantation Oyster Castle Reef was installed in August 2012 on the northwest bank of the
Atlantic Intracoastal Waterway (ICW) northeast of McClellanville, SC. Site surveys, including shoreline
change analyses, sediment grainsize distributions, and oyster recruitment observations, were conducted
from June 2012 through October 2013 to address the overall goal of enhancing oyster reefs in this area
while stabilizing the adjacent shoreline. This goal was accomplished with the reef installation project.
Nine site visits were made to the area, 264 sediment samples were analyzed, 852 photographs were
taken, seven laser scans were taken, and seven people participated in the surveys. Five control posts
were placed in the marsh, and RTK-GPS measurements were used as geodetic control to georectify all
data in ArcGIS so that observations, shoreline positions, sediment accumulation patterns, and changes
could be documented.
Grainsize analysis indicates average grainsize decreasing in the entire study area over the period, and
laser scans, photographs, and observations clearly show the thickening of mud behind the reef and not
in the adjacent areas.
Historical shoreline analyses indicate overall accretion in this area, with the period from 2006 to 2013
showing erosion as prominent. Detailed shoreline studies from this project indicate consistent erosion
before installation of the reef, and accretion behind the reef in two lobes.
Oyster recruitment was almost immediate at Palmetto Plantation, with clear oyster growth in the
second month after installation. The most important colonization and subsequent growth areas are on
the front of the reef, the ends of the reef, and on the protected platforms on the front of the reef. Flat
surfaces on overturned block ends did not recruit oysters. Oyster growth was highest on the merlons,
and in some cases completely closed the gabs between them in just over a year.
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Background
The Palmetto Plantation Oyster Castle Reef was installed in August 2012 on the northwest bank of the
Atlantic Intracoastal Waterway (ICW) northeast of McClellanville, SC (Figure 1). Site surveys, including
shoreline change analyses, sediment grainsize changes, and oyster recruitment observations, were
conducted from June 2012 through October 2013.
The land directly adjacent to the reef is a fringing marsh dominated by Spartina alternaflora leading
down to the sand and mud flats exposed at low tide along the ICW (Figure 2). The reef is made of
specialized blocks (similar to cinder blocks) and is approximately 18m x 1.75m in dimension at the base
and approximately 0.5m high. The reef is 60 blocks long (parallel to the shore) and 6 blocks wide at the
base and comprises four total stacked levels. No single level is complete, leading to a highly-varied and
complex habitat.

Figure 1. The reef (highlighted with color in this image) sits at the low tide line on the northwest side of the intracoastal
waterway near Bulls Bay, South Carolina. Background image from Google Earth (2013).

Figure 2. The installed reef on a very low tide two months after the installation. The S. alternaflora marsh to the left is typical
to the scarped eroding marshes along the ICW in this heavily trafficked boating area. The reef is four blocks tall in places, and
mud has already begun accumulating (photo 12A_1431.jpg, October 14, 2012; S. Harris).

A schematic of the reef installation (Figure 3) shows the proximity of the reef to the marsh behind.

Figure 3. A schematic block diagram of the reef position combined with a background laser scan (March 13, 2013) showing the
detail of the site.

Project Goal
The overall goal for the project has been to monitor activities on the Palmetto Plantation Oyster Castle
Reef and adjacent shoreline in McClellanville, South Carolina. This artificial reef was installed in August
2012 to enhance oyster reef and finfish habitat while stabilizing the adjacent shoreline.

Project Objectives
Gather pre-installation data:
Historical Shoreline Analysis: Obtain high-resolution aerial photographs and determine erosion rates
for last few decades using DSAS or AMBUR
Spatial Control: Establish a series of bench marks from which to gather positioning information.
Sediment Grainsize: Collect and analyze sediment samples from field-determined sites where the
implementation will occur, as well as to the NE and SW of the study areas. Samples will be from high
and low positions along the shoreline.
Collect Shoreline Data: Create a DEM of the sites and NE and SW areas (may not work due to water
content and darkness of sediment), to include various shoreline position indicators, using a laser scanner
georeferenced with RTK-GPS coordinates
Ecological Indicators: Determine the position of various plant species and other ecological indicators in
the area of the implementation.

Gather post-installation data
Sediment Grainsize: Sediment sample in pre-determined sites from pre-installation survey, as well as
any field-determined areas after installation
Collect Shoreline Data: Create a DEM using the laser scanner and RTK-GPS
Documentation of Site Condition: A series of photographs for each visit has been collected to
document overall conditions and to reconstruct additional shoreline positions
Observe for oyster recruitment:

Site Visits
Nine total visits to the site were made for the project. Low tide was targeted after the initial visit. In
order for the site to be completely exposed, the tides must be at approximately -0.4’ without any wind
or surge setup, although on many occasions the tide never dropped below the first level of the reef.
Each sampling and scanning visit (Table 1.) included anchoring of the vessel just offshore the reef with a
standard anchor on line off the bow and a pole in the seafloor off the port side of the northward facing
vessel. As the tide started dropping below the back of the reef, the laser scanner was setup on the
south side, scanning the back of the reef, tidal flat, marsh edge, and control poles in the marsh. GPS
measurements were gathered using the RTK GPS for the tripod position, and the marsh control points.

Once the back scan was completed, the tripod was moved to the front of the reef and that area is
scanned (reef, marsh edge, tidal flat that is in line of sight) while sediment samples are being collected
at eleven pre-determined stations. Several of the scans had to be abandoned due to the tide levels.

Methods
Historical Shoreline Analysis
Existing digital aerial photographs were collected from the South Carolina DNR GIS Data Clearinghouse
(https://www.dnr.sc.gov/pls/gisdata/download_data.login). Data were referenced in relation to the
reef and georeferenced using ArcGIS 10 georeferencing tool. Shorelines were digitized as the vegetation
boundary and erosion rates calculated using the Digital Shoreline Analysis System (DSAS; Thieler &
Danforth, 1994) for every meter along the reef and areas north and south.

Spatial Control:
Five galvanized tubes were driven one to two meters into the marsh to provide consistent on-site
references for the laser scans (see Collect Shoreline Data below for that method). Using the virtual
reference system (VRS) for South Carolina, a Leica 1200 Real-time kinematic global positioning system
(RTK-GPS) with a Verizon cellular modem was used to position the poles as well as the tripod positions
and shorelines where necessary. Accuracies for this system are approximately 3-cm horizontal and 2-cm
vertical.

Sediment Grainsize:
Sediments were collected in <1cc samples which were analyzed in a Cilas 1180 laser particle size
analyzer. Three samples were collected at each site. Samples were kept wet and no treatment was
given prior to analysis except removal of debris (plant or animal material, shell if present).

Collect Shoreline Data:
Shoreline positions, documented as the boundary between vegetated and unvegetated sections of the
site, were collected using three methods.
Laser Scans
The predominant method of determining the shoreline position was a Leica HDS-3000 terrestrial laser
scanner system. The system was leveled on a tripod next to the anchored boat or on the tidal flat to the
south side of the reef after the tripod position was measured with the RTK-GPS. Multiple scans were
merged in HDS Cyclone software (version 8) to create a single surface exported to a DXF point cloud
format, and georeferenced in ArcGIS 10.
RTK-GPS
The RTK-GPS (described above in Spatial Control) was used occasionally to collect ground control points
and shoreline position indicators to verify laser scans. This method was not used frequently as it
required walking directly in sensitive study areas (mud adjacent to vegetation) and further disturbing
the substrate.

Photography
Densely collected photographs with a 30-70% overlap were used to construct a 3-dimensional model of
the reef and adjacent marsh using Agisoft PhotoScan 3D modeling software (http://agisoft.ru).

Observe for oyster recruitment
Comparison of photo sequences was used to document oyster recruitment across the reef structure.

Results
Site Visits
Nine total site visits, seven after reef installation, were conducted from June 2012 through October
2013. Bad weather, high winds, bridge-closings, and other obstacles interfered with the one or two days
monthly where the reef was exposed long-enough for the surveys. In some cases, the reef remained
partially submerged through the lowest tides causing some issue with the laser scanning. Table 1
highlights the activities and personnel for each visit.
Table 1. Site visits and associated information.
Sediment
Samples

Photographs

-

-

30

Joy Brown

yes

no

33

16

Lowell Atkinson

Site Visit

Date

Front Scan Rear Scan

1

11-Jun-12

-

2

13-Jul-12
August, 2012

reef installed

People (with S. Harris)

TNC volunteers

3

14-Oct-12

yes

yes

33

64

Hillary Brown

4

13-Dec-12

yes

no

33

131

Hillary Brown

5

13-Mar-13

yes

yes

33

73

Sonja Tyson

6

20-Jul-13

yes

yes

33

184

Sonja Tyson, Avery Lee

7

20-Aug-13

yes

yes

33

118

Sonja Tyson

8

19-Sep-13

yes

no

33

104

Sonja Tyson

9

20-Oct-13
Totals

no
7

no
4

33
264

132
852

Laura Jarrait

Sediment Sample Analyses
Sediments were collected at eleven locations adjacent to the reef (Figure 4). Stations were established
north (3) and south (3) of the installation, as well as landward (3) and seaward (2). The mean grainsize
of three separate samples is presented (1000 microns = 1 millimeter = 0.0394 inches). Initial grainsize
values ranged from 15um (mud) to 328um (medium sand), a consistent range for the duration of the
study. However, the area around the reef started accumulating significant mud after two months (by
October 2012). By March 2013, mud had fully accumulated behind the reef and in much of the study
area to the north and south as well. See Appendix 1 for additional sediment analysis information.

Figure 4. Sediment sampling plan. Samples are numbered 1 through 11 counter clockwise starting at the far right. The
background image is a laser scan of the area. Site locations are approximate and represent the positions of samples collected
each visit.
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Figure 5. Sediment grainsize distributions at sites surrounding the reef. Grainsize represents the mean of three samples in
microns.

Shoreline Positions
Historical Shorelines (1994 through 2013)
Four historical shorelines, 1994, 1999, 2006, and 2013 were used to document the historical changes at
the site (Figure 6). The shoreline position was identified at the boundary of the vegetation and the
water or tidal flat. A virtual baseline was established in the ICW, and transects intersected with the
shorelines using DSAS (Figure 7). The linear regression rate of change (LRR) was calculated for each
transect and plotted as either eroding or accreting (Figure 7). Over the time of the aerial photography,
accretion has been typical. However, the historical erosion rates are atypical of the last decade. From
2006 to 2013, it is clear that erosion is consistent throughout the study area.
This scale of photography should not be used for detailed analysis directly associated with the reef. See
the next section on Recent Shoreline Changes. See Appendix 1 for the all the images associated with
historical shoreline change.

Figure 6. Historical shoreline positions. The site is shown in the right one-third of the figure. Background image from Google
Earth (2013).

Figure 7. DSAS calculations show that the linear regression rate (LRR) of shoreline change in this areae has been need accretion
through time. However, a detailed look at the previous figure shows the erosion from 2006 to 2013 that is more typical of the
recent time period.

Recent Shorelines (July 2012 through October 2013)
Local shoreline data is extremely high resolution compared to the historical datasets. The horizontal
accuracy of these data is approximately 10 cm after the laser positioning (5-cm) and digitizing artifacts
(5-cm) are taken into consideration. Shorelines were collected in July 2012, October 2012, December
2012, March 2013, July 2013, August 2013, September 2013 and October, 2013 (RTK-GPS). Examples
are shown in Figure 8 (July 2013) and Figure 9 (October 2013). See Appendix 2 for additional
information.

Figure 8. Laser scan imagery with digitized shoreline superimposed for July 2013. The reef here is represented by the laser
scan.

Figure 9. RTK-GPS points collected for the shoreline positon in October 2013. The reef here is a schematic.

Unlike the historical erosion rate calculations (1994-2013), the more recent rates provide a clear pattern
of differences in the study area (Figure 10). North of the reef, erosion is slow but steady. Behind the
reef, marsh plants have migrated onto the tidal flat increasing the accretion rate in these areas (figures
11 and 12).

Figure 10. Recent shoreline positions collected during the study, with a linear regression rate of erosion calculated with DSAS.
Note the accumulation in two lobes landward of the reef. LRR rates in m/year.

Figure 11. The water level highlights the lobes of mud accumulating on the north (distant) and south (foreground) end of the
reef. Photo 13A_5771.JPG in September 2013 looking North. S. Harris.

Figure 12. Mud accumulation is followed by marsh migration onto the tidal flat behind the reef. Photo 13A_5963.JPG, October
20, 2013. S. Harris.

Reef Structure Observations
The reef was built with the intention of providing a diversity of surfaces for oyster colonization (Figure
13). The south end is fairly regular, with much more complexity from the platform to the north end.
The ‘low area’ identified in Figure 13 resulted from both the lack of block on level 4 and subsidence
directly beneath this site.

Figure 13. Schematic of the reef. Lighter colors are higher (level 4) and lower areas are darker (level 1). Not the added
complexity on the north end. Laser scan provided as background.

A photo mosaic (figures 14 and 15) clearly shows the complexity of the various surfaces to the south and
north.

Figure 14. The south front side of the reef is fairly regular in structure. Figure reconstructed from multiple photos with Agisoft.

Figure 15. The north side of the reef has a low spot, multiple castle blocks on various levels, and other complexities. Figure
reconstructed from multiple photos with Agisoft.

Oyster Recruitment Observations
Photographs were the primary tool use to document oyster colonization of the reef. Photographs of
five areas on the reef (south, middle south, middle, middle north, and north) are presented in Appendix
4 with observations here with examples.
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Figure 16. The five primary areas of the reef used for assessing oyster recruitment. . S = southern side of the reef; S-M = the
middle of the southern half; M = middle of the reef; N-M = the middle of the northern half; and N = northern side of the reef.

By October 14, 2012, oysters had fully colonized all four levels of the reef. The southern end was more
densely populated overall, while the platform on the front of the north-middle section had considerable
growth started where the four merlons (upright portions of block) met in construction. Flat surfaces on
overturned blocks showed little recruitment. The even-stepped wall of the rear of the reef had fairly
regular growth in areas that were not being covered in mud. The top of level 1 had a little mud in
October, but by month seven (March 2013), a significant accumulation of mud is present.
By March 2013, level 1 and 2 had nearly full coverage of oysters, with more oysters present to the south
and front of the reef. The rear of the reef was buried half way up level 2 for most of the length, with a
little scouring. Since October, a significant hole opened up behind the reef in the middle north area (see
Figure 13). At high tide, nearly a meter of water is over this point and wave impact is still significant
behind the reef.
The time period from March to July 2013 shows heavy growth starting to close across the crenels on
level 1 in the front and on the platforms. The back, where level 1 is exposed at the extreme ends, has
much less coverage. The flat surfaces still have little to no growth. Little change is seen from July to
August 2013. From August to September 2013, the merlons on all levels are increasing in length and
density of oysters, with very clean and rapid growth. This trend slows, but continues into October 2013.
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March 2013

July 2013

August 2013
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Figure 17. The front of the reef in the middle north section of the reef at the platform. See Appendix 4 for the full suite of
compraable photos and Appendix 5 for thumbnails of all photographs.

Summary
The position of the reef has slowed erosion directly behind, with the accumulation of fine muds and
increase of vegetation onto the tidal flat. The low spot in the middle of the northern half of the reef has
slowed accumulation of thicker mud in this area due to increased wave energy in this area at high tide,
as well as likely flow under the castle blocks.
Oyster growth was most important on the south end at first, but did cover all but the flat areas within
the project timeframe. The front of the reef had the most prolific growth early, with the platform and
back gaining much later. Overall the front still had the highest density in October 2013.

