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Introduction 

Living shorelines are a method to help stabilize shorelines that are eroding that "utilize a variety 

of structural and organic materials, such as wetland plants, submerged aquatic vegetation, oyster 

reefs, coir fiber logs, sand fill, and stone" (NOAA 2014), instead of the traditional sea walls and 

bulkheads.  Traditional methods decrease connectivity between the water way and the upland 

and Hard structures can increase the rate of coastal erosion, remove the ability of the shoreline to 

carry out natural processes, and provide little habitat for estuarine species (CCRM 2007). In Georgia, 

eastern oysters (Crassostrea virginica Gmelin, 1791) are found in the intertidal zone, are a keystone 

species, and their associated reefs are an essential component of the estuaries. Oysters are considered 

ecosystem engineers (Jones et al. 1994; Luckenbach et al. 1999; Gutierrez et al, 2003, ASMFC 

2007), provide essential fish habitat (ASMFC 2007) and reduce phytoplankton and pollutants in the 

water column through filtration (Nelson et al. 2004, Porter et al. 2004) and make them an ideal 

species to utilize in the construction of living shorelines.  Studies have found that a hectare of oyster 

reef through water filtration, habitat, bank stabilization, and harvesting potential can provide up to 

$100,000 in ecosystem services (Grabowski 2012) and constructed reefs can increase in fish 

abundance by 38% (Scyphers 2011).  Marsh grasses are also an integral component of living 

shorelines and can reduce nutrient pollution by 90% (Zhang 2011; Bell 1997). 

To protect the integrity of coastal marshlands, the State of Georgia passed the Coastal Marshlands 

Protection Act in 1970 (amended in 1992) that gave the State of Georgia jurisdiction over 

marshlands, intertidal area, mudflats, tidal water bottoms, and salt marsh area within estuarine areas 

of the state. Since its passage the State of Georgia applications for permits for shoreline 

developments and shoreline structures, such as bulkheads, continues to increase as the coastal 

population continues to grow. In Georgia, the use of living shorelines has been undertaken through 

cooperation of multiple agencies, The Georgia Department of Natural Resources (GA DNR), The 

Sapelo Island National Estuarine Reserve (SINERR), The University of Georgia Marine Extension 

Service (MAREX), The Nature Conservancy (TNC), and the Georgia Department of Natural 

Resources Coastal Resources Division (GA DNR-CRD) and have formed a living shoreline working 

group.  The working group has recently undertaken developing a Living Shoreline Guidance 

Document to address the use of living shorelines in Georgia (MacKinnon 2013). 

In Georgia, two other living shorelines have been constructed both on Sapelo Island and were 

constructed on eroding stream banks. The site on Little St. Simons Island will provide a third 
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location to apply living shorelines techniques with the opportunity to remove a failing bulkhead. In 

coastal Georgia, the use of living shorelines is still in its infancy and understanding how living 

shoreline effects ecological communities is paramount.  Therefore, the objective of this project 

were to remove the existing bulkhead and replace with living shoreline. The goal of the project is 

to determine the effect that living shorelines have upon the nektonic community and recruitment 

and growth of oysters. 

Study Site 

Little St. Simons Island is a barrier island on the coast of Georgia that accessible only by boat 

(Figure 1).  In the 1920’s to 1930’s a wooden bulkhead, approximately 370 feet long, was 

installed on the bank of Mosquito Creek, which is a tidal creek on the west side of the island. 

The bulkhead is located at the primary entrance to the island and had started to fail. Instead of 

replacing or repairing the current bulkhead Little St. Simons Island, LLC was interested in the 

construction of a living shoreline (Figures 2-3). 

 
Figure 1. Little St. Simons Island, GA (Google Images) and location of living shoreline site on Mosquito Creek. 
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Figure 2. Picture of failing bulkhead on Little St. Simons Island. 

 

 
Figure 3. Picture of water infiltration on land side (right of bulkhead) of bulkhead on Little St. Simons Island. 
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Design and Permitting 

Prior to construction members of the working group and LSSI met with engineers, contractors, 

and state and federal agencies in charge of permitting to have plans drawn up for the site and to 

make sure that all necessary permits were obtained.  Application for permits was handled by 

Little St. Simons Island, LLC. The only permit that was necessary was a State of Georgia 

Revocable License Agreement since a bulkhead was already present at the location and the living 

shoreline was under 500ft in length. No permits were necessary to obtain from the Army Corps 

of Engineers or the Georgia Department of Natural Resources Environmental Protection 

Division.  

To engineer the living shoreline we had meetings with engineers from Carter and Sloop and Ed 

Hoffman on April 17th and June 28th, 2012 respectively, at the site on Mosquito Creek on LSSI.  

The decision was made to work with Ed Hoffman, who conducted the construction of the living 

shoreline on Sapleo Island.   Drawings for the living shoreline were handled by Tom Havens 

with Coastal Civil Engineering (Apendix I) and were adapted to allow for established Live Oak 

(Quercus virginiana) trees not to be loss during the construction of the shoreline.  To 

accommodate the Live Oak trees the slope of the shoreline varies from a 1:1 to a 3:1 slope.  On 

the west end the living shoreline ties back into a portion of the bulkhead that was left in place to 

protect the roots of a large Live Oak. On the east end the living shoreline transitions to 

established marsh at a small tidal creek. To help determine what plants to use Thomas Angel, a 

local landscape architect, drew up plans using native plants for the site (Appendix II).   

Installation 

Construction 

Oyster shell and shell bagging supplies were delivered in Fall 2012 and additional shell arrived 

in Winter 2013.  In total 4,875 bushels of oyster shell (11,900 bags) (Figure 4) were used for the 

shoreline.  Six loads of shell were ordered, five from grant funds and one by GA-DNR CRD for 

a total of 4,500 bushels (11,000 bags), an additional 375 bushels was bagged (900 bags) from 

oyster shell present on LSSI that had been collected from past oyster roasts.  Shell was bagged 

prior to construction and by AmeriCorps during construction. Shell was delivered to the 
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Hampton Point Marina and St. Simons Island and was bagged.  Bagged shell was then loaded 

onto a barge owned and operated by LSSI and transported to Little St. Simons Island (Figure 5).  

Removal and installation of the living shoreline started in February 2013 and was completed in 

June 2013. Construction took longer than anticipated due to rainy weather. The bulkhead was 

removed in sections and then immediately sloped.  Once the bank was sloped, a tow of rubble 

concrete was placed at the base to provide support for the oyster bags. The slope was then 

covered with a geo-textile grid and the first layer of shell bags laid in place to prevent erosion to 

the exposed stream bank (Figure 6). Bags were laid to an elevation of 1.3m above the mean high 

tide line. The layer of the geo-textile grid was then wrapped and brought back over the top of the 

first layer of oyster bags. The geo-textile was used to tie the first layer of shell bags together.  

Rebar hooks approximately 4ft long were spaced every three feet up the slope (vertically) and 

every five feet parallel to the creek (horizontally) to secure the oyster bags to the bank (Figure 7).  

Once the bulkhead has been removed and the first layer completed, a second layer of bagged 

oyster shell was laid over top and rebar hooks were pushed flush with upper layer of bags. The 

first layer of bags was completed in April 2013 and the second layer of bags was completed by 

the end of August 2013. Placement of bagged shell on the reef was handled by the contractor, 

instead of volunteers as we had planned, to ensure that bags were placed correctly. 

 
Figure 4. Bagged oyster shell at Hampton Point Marina, St. Simons Island. 
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Figure 5. Bagged oyster shell being offloaded to living shoreline site, Little St. Simons Island, GA. 

 

 
Figure 6. Construction of living shoreline in sections, Little St. Simons Island, GA. 
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Figure 7. Drawing showing use of concrete rubble toe, oyster bags, geo-textile mesh, and rebar for construction of the 

living shoreline. 

Planting 

The upland area adjacent to the bulkhead had been planted with native grasses and plants by 

LSSI previously and the Muhly grass and sea oxeye daisy present was removed (Figure 8), with 

the help of volunteers, prior to construction and were held on site at LSSI  to be used once the 

living shoreline was complete.  The landscape plans drawn up by Thomas Angel called for marsh 

plants to be incorporated into the slope (Figure 9-10) of the living shoreline in addition to the 

adjacent upland (Appendix II). Plants were sourced through a local nursery and plants started to 

arrive to the site from March 19 - April 2, 2013, and were planted as soon as construction 

activity allowed.  A total of 1,820 plants comprised of 18 species were planted (Table 1).  The 

majority of plants, 1,658, were planted in the spring along with the Muhly grass and Sea oxeye 

that had been saved. An additional 162 plants were purchased in January 2014 to replace some 

plants that had died due to environmental factors, over grazing from deer, or to fill in areas 

(Table 2). 
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Figure 8. Volunteers digging up plants prior to construction, Little St. Simons Island, GA. 

 

 
Figure 9. Patch for marsh grasses to be planted into the living shoreline, Little St. Simons Island, GA. 
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Figure 10. Marsh grasses planted as part of the living shoreline, Little St. Simons Island, GA. 

 

Table 1. Plant names, size of plant, and number of plants planted at the living shoreline in Spring 2013, Little St. Simons 
Island, GA. 

Plant Size Number planted 
SPARTINA ALTERNIFLORA Bare root 210 
SPARTINA PATENS 1 GAL 335 
SEA OXEYE 1 GAL. 244 
PALMETTO 15 GAL. 8 
MUHLY GRASS 1 GAL. 350 
SPARTINI BAKERI 1 GAL 50 
DUNE SUNFLOWER 1 GAL. 20 
PRICKLY PEAR CATCUS 1 GAL. 6 
SEASIDE GOLDENROD 1 GAL. 35 
SEA OATS 1 GAL. 30 
BEAUTY BERRY 3 GAL 18 
LOVE GRASS 1 GAL. 50 
PALMETTO 15 GAL. 8 
BROOMSEDGE 1 GAL. 75 
BUSHY BLUESTEM 1 GAL. 75 
YUCCA FILAMENTOSA 3 GAL. 9 
RIVER OATS 1 GAL. 75 
YAUPON HOLLY 3 GAL. 40 
YAUPON HOLLY - FEMALE 7 GAL. 20 
Total Plants 1658 
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Table 2. Plant name, size of plant, and number of plants planted at the living shoreline in Winter 2014, Little St. Simons 
Island, GA 
Plant Size Number planted 
MUHLY GRASS  1 GAL. 115 
GRASS, LOVE GRASS 1 GAL. 4.75 142.50 30 
HOLLY, YAUPON, SHADOWS FEMALE 7 GAL. 4 
SEASIDE GOLDENROD 1 GAL. 11 
YUCCA  BARE ROOT 1 
1 PALMETTO 15 GAL 1 
Total Plants 162 

 

Americorps and Volunteers 

An application to have an AmeriCorps NCCC team come help with the living shoreline project 

was submitted in November 2012 (Appendix III).  After the initial concept form was submitted 

we were asked by AmeriCorps NCCC officials to partner with the St. Simons Land Trust who 

had also submitting a concept form for the same period for work to be completed on St. Simons 

Island.  A joint concept plan was submitted and accepted in November of 2012 and a full 

proposal was submitted to have a team for nine weeks with five weeks (25 working days) being 

allotted to the living shoreline project (Appendix IV).  The joint application was accepted by 

AmeriCorps NCCC but due to high number of applications received they scaled back the length 

of time we had requested from nine weeks to four  1/2 weeks, therefore the time for AmeriCorps 

was scaled back to 10 working days.  The AmeriCorps team Delta 7, comprised of nine 

members, worked on LSSI from March 12-March 26, 2013 and bagged approximately 6,000 

bags of oyster shell, moved the bagged oyster shell to the living shoreline site by boat, and help 

with starting the planting of plants for the living shoreline (Figure 11).  Fifteen volunteer events 

were held at the at the living shoreline site during 2013 and ranged in size from 1 - 11 volunteers. 

Volunteers were a tremendous help with preparing the site for plants, planting the plants, and 

doing garden maintenance (Figure 12). Overall we had 78 volunteers and support from Coastal 

Wildscapes and TNC's Leaders in Environmental Action for the Future. A total of 1,126 hours 

work (Table 3) used on the project, and volunteers will continue to help with garden 

maintenance. 
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Figure 11. AmeriCorps members working on the living shoreline, Little St. Simons Island, GA. 

 

 
Figure 12. Volunteers helping plant plants at the living shoreline site, Little St. Simons Island, GA. 
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Table 3. Number of volunteers, public and AmeriCorps, and hours worked on the living shoreline, Little St. Simons 
Island, GA. 
 Cumulative Projected: 
Volunteer Numbers: 78 20 
   
Total Hours: 1,126 ~5,000 
 -Volunteer Hours: 406  
 -Americorps Hours 720  

 

Monitoring 

Mapping and Erosion 

The site was mapped before the bulkhead was removed and after the living shoreline was 

installed with a handheld Archer Field PC unit (Juniper Systems) running ArcPad8.0 (ESRI) to 

capture the location of oyster shell and Spartaina stands.  Polygons created were imported into 

ArcGIS 9.3 (ESRI) to calculate the area of oyster habitat and spartina.  The site was re-mapped 

after the living shoreline was installed to calculate the final area of the living shoreline. To 

monitor for erosion, 15 marking flags were evenly spaced along the top of the living shoreline 

and then another flag was set 1m toward to upland.  The distance between the set of flags would 

then be measured to determine if the erosion was occurring.  Additionally monthly photo-points 

were initiated to monitor the reef. 

Prior to construction the stream side part of the bulkhead was dominated by mud.  Two Spartina 

alterniflora stands covered 53m2 and one oyster reef 11m2 were present (Figure 13). After 

construction the living shoreline measured 92m long and 3-6m wide and shell bags covered an 

area of 414m2 and the natural reef found before construction was left intact for a total of 425m2 

of oyster shell. The two spartina stands present before construction were left in place and a four 

additional plots were incorporated into the slope of living shoreline for a total area 85m2.  Two 

plots of sea oxeye were added to the shoreline and cover an area of 25m2.  This increased the 

total area of oyster shell available by 414m2 and 33m2 of spartina and 25m2 of sea oxeye. The 

extent of live oysters present on the reef covered the lower portion and covered 158m2 (Figure 

14). Monthly photopoints was established to monitor the progress of the living shoreline (Figures 

15-28) 
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Flagging set up at 5m intervals to monitor the top edge of the living shoreline for erosion was not 

successful (Figure 29).  The flags were set up at the end of June when construction was 

complete, but flagging material did not hold up as anticipated and when we returned to sample 

flags had been removed or where missing.  We did notice two small areas of erosion at the 

transition from the bagged shell to the upland that coincided with areas where runoff drained 

from the upland.  Additional bags and soil were added to these areas and these areas continue to 

be monitored.  The erosion also occurred early after construction before plants had time to get 

established.  Since the flagging did not work for monitoring erosion, we got in contact with Dr. 

Jackson at Georgia Southern University who has a 3d ground LiDAR system and he agreed to 

take images of the living shoreline with his equipment on a bi-annual basis to monitor the site.  

He was able to visit the site in the fall, but images are not yet available.  
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Figure 13. Location of Spartina and oysters at the site of the living shoreline prior to construction, Little St. Simons 

Island, GA. 
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Figure 14. Location of Spartina, sea oxeye, bagged oyster shell, and live oysters at the living shoreline after its 

construction, Little St. Simons Island, GA. 
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Figure 15. West side of living shoreline February 2013 Little St. Simons Island, GA 

 

 
Figure 16. West side of living shorline March 2013, Little St. Simons Island, GA 
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Figure 17. West side of living shoreline April 2013, Little St. Simons Island, GA. 

 

 
Figure 18. West side of living shoreline May 2013, Little St. Simons Island, GA. 
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Figure 19. West side of living shoreline June 2013, Little St. Simons Island, GA. 

 

 
Figure 20. West side of living shoreline August 2013, Little St. Simons Island, GA. 
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Figure 21. West side of living shoreline September 2013, Little St. Simons Island, GA. 

 

 
Figure 22. West side of living shoreline October 2013, Little St. Simons Island, GA. 
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Figure 23. East side of living shoreline February 2013, Little St. Simons Island, GA 

 

 
Figure 24. East side of living shoreline March 2013, Little St. Simons Island, GA 
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Figure 25. East side of living shoreline April 2013, Little St. Simons Island, GA 

 

 
Figure 26. East side of living shoreline June 2013, Little St. Simons Island, GA 
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Figure 27. East side of living shoreline August 2013, Little St. Simons Island, GA 

 

 
Figure 28. East side of living shoreline October 2013, Little St. Simons Island, GA 
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Figure 29. Flagging (dark green) set out in June 2013 to monitor for erosion, Little St. Simons Island, Ga. 

Nekton Sampling 

Prior to construction three locations were selected at the base of the bulkhead and were 

comprised of mud only, after construction three locations along the living shoreline were 

selected. A bottomless lift net that covered 24 m2 (8m x 3m) made of 2.4 m tall Delta style 

netting with 3 mm (1/8 inch) mesh (Nylon Net Company) and a weighted base staked with 

stakes every half meter was used (Wenner et al. 1996; Coen et al. 1999). Each site was sampled 

one day each season (winter, spring, summer, and fall) during daylight hours. After nets were 

deployed water temperature, dissolved oxygen, pH, and salinity were recorded at the surface and 

at one meter below the surface using a Qunata (Hach Company). On the following low tide, net 

edges were checked for specimens as soon as the site was completely exposed (Figures 30-32). 

Once sampling was complete the nets were removed. Specimens collected were anesthetized in 

Finquel and placed in 10% seawater buffered formalin to store for identification. Species that 

could be identified and measured on site were released (Figure 33). Collected specimens were 

identified in the lab to species or highest classification level if species could not be determined. 

Fish were identified, enumerated by species, and total length standard length were recorded. 

Crustaceans were identified, enumerated by species, and measured. Prior to removal of the 

bulkhead and we collected a total 1,419 specimens and identified 7 species of crustaceans and 
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ten species of fish for all seasons combined (Table 4). Crustaceans were dominated by grass 

shrimp (Palamonetes pugio and vulgaris) while fish were dominated by the bay anchovy 

(Anchoa mitchilli).  After construction of the living shoreline a total 2,748 specimens comprised 

of four species of crustaceans and 20 species of fish have been collected in only two sampling 

periods summer and fall.  Crustaceans were dominated by grass shrimp and bay anchovy was the 

most common fish (Table 5). 

Since construction we have observed an increase in the number of species and the number of 

specimens observed. Therefore we calculated the species richness, species evenness and the 

Simpson index of diversity for samples caught pre and post construction of the living shoreline 

for all species combined (Table 6), for fish only (Table 7), and for crustaceans (Table 8). We also 

noted that species richness increased in the summer and fall after the living shoreline was 

constructed. The Simpson index ranged from 0.12-0.85 for pre construction and 0.32-0.75 in post 

construction.  The index is quite similar between fall and summer samples pre and post 

construction, which is not surprising since samples were dominated by grass shrimp and bay 

anchovies (Table 9).  More detail information will be available to examine any changes in the 

nekton community after a full year of sampling post construction is complete along with two 

more full years of sampling.  at least once a month prior to construction of the living shoreline 

and after the living shoreline was installed. 

 
Figure 30. Bottomless lift nets set for deployment, at low tide, prior to construction of the living shoreline. 
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Figure 31. Bottomless lift nets after deployment, at high tide, prior to construction of the living shoreline. 

 

 
Figure 32. Bottomless lift nets after deployment, at low tide, after construction of the living shoreline. 
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Figure 33. Sheepshead (Archosargus probatocephalus) capture in bottomless lift nets after construction of the living 

shoreline. 

 
Table 4. Species name, the number of each species, and the total length (TL) and/or carapace width of species captured in 
bottomless lift nets for all seasons (winter, spring, summer, and fall) combined prior to construction the living shoreline. 

Species Number Mean TL (mm) Mean Carapace (mm) 
Crustacean 

Alpheus heterochaelis 3 26.00 
Callinectes sapidus 8 42.39 
Callinectes similus 2 35.53 
Palaemonetes pugio 112 27.71 
Palaemonetes spp. 5 
Palaemonetes vulgaris 71 26.20 
Penaeus setiferus 23 68.83 
Squilla empusa 1 115.00 

Fish 
Anchoa mitchilli 1119 40.57 
Bairdiella chrysoura 8 29.63 
Fundulus heteroclitus 6 63.33 
Gobiosoma bosci 15 40.07 
Leiostomus xanthurus 4 59.75 
Menidia menidia 3 65.33 
Opsanus tau 2 151.50 
Paralichthys lethostigma 19 152.82 
Prionotus carolinus 1 39.00 
Symphurus plagiusa 17 36.59 
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Table 5. Species name, the number of each species, and the total length (TL) and/or carapace width of species captured in 
bottomless lift nets for summer and fall, combined, after construction of the living shoreline. 

Species Number Mean TL (mm) Mean Carapace (mm) 
Crustaceans 

Callinectes sapidus 1 140.00 
Palaemonetes pugio 260 25.79 
Palaemonetes vulgaris 359 24.96 
Penaeus setiferus 318 83.66 

Fish 
Anchoa mitchilli 1714 47.07 
Archosargus probatocephalus 4 238.25 
Bairdiella chrysoura 2 37.50 
Chloroscombrus chrysurus 1 50.00 
Diapterus auratus 2 83.00 
Dorosoma petenense 33 66.20 
Etropus crossotus 3 94.00 
Evorthodus lyricus 9 48.11 
Fundulus confluentus 1 40.00 
Fundulus heteroclitus 8 48.25 
Gobiosoma bosci 1 36.00 
Lagodon rhomboides 1 112.00 
Leiostomus xanthurus 1 130.00 
Lutjanus jocu 2 69.50 
Menidia menidia 8 68.38 
Opsanus tau 8 176.63 
Paralichthys lethostigma 2 110.50 
Prionotus carolinus 1 41.00 
Symphurus plagiusa 8 35.25 
Syngnathus fuscus 1 159.00 
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Table 6. Sample, number of species, number of specimens, species richness, species evenness, and Simpson index of 
diversity for all nekton captured in bottomless lift nets, Little St. Simons Island, GA. 

Sample # of species # of 
specimens 

Richness (d) Evenness (J') Simpson (1-
Lambda') 

Post-Fall 18 1,115 2.423 0.533 0.754 
Post-Summer 17 1,633 2.163 0.275 0.323 

Pre-Fall 13 458 1.959 0.424 0.480 
Pre-Spring 12 47 2.857 0.846 0.858 
Pre-Summer 12 322 1.905 0.395 0.421 
Pre-Winter 9 592 1.253 0.157 0.121 

 
 
 

Table 7. Sample, number of species, number of specimens, species richness, species evenness, and Simpson index of 
diversity for fish captured in bottomless lift nets , Little St. Simons Island, GA. 

Sample # of species # of 
individuals 

Richness (d) Evenness (J') Simpson (1-
Lambda) 

Post-fall 15 417 2.32 0.19 0.18 
Post-summer 13 1393 1.66 0.009 0.008 
      
Pre-fall 8 345 1.20 0.17 0.12 
Pre-spring 7 18 2.01 0.83 0.78 
Pre-summer 6 265 0.90 0.25 0.17 
Pre-winter 5 566 0.63 0.007 0.003 

 

 
Table 8. Sample, number of species, number of specimens, species richness, species evenness, and Simpson index of 
diversity for crustaceans captured in bottomless lift nets , Little St. Simons Island, GA. 

Sample # of species # of 
individuals 

Richness (d) Evenness (J') Simpson (1-
Lambda) 

Post-Fall 3 698 0.305 0.995 0.664 
Post-Summer 4 240 0.547 0.789 0.655 

Pre-Fall 5 113 0.846 0.677 0.621 
Pre-Spring 5 29 1.188 0.819 0.702 
Pre-Summer 6 57 1.237 0.480 0.396 
Pre-Winter 4 26 0.921 0.835 0.652 
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Table 9. Crustacean and fish species captured in bottomless lift nets pre construction and post construction of the living 
shoreline during the summer and fall. 

Summer Fall 
Species Pre Post Pre Post 

Alpheus heterochaelis 2   
Callinectes sapidus  1 2  
Callinectes similus 2   
Palaemonetes pugio 44 54 55 206 
Palaemonetes spp. 1   
Palaemonetes vulgaris 2 95 41 264 
Penaeus setiferus 6 90 14 228 
Squilla empusa  1  

Crustacean total 57 240 113 698 
   

Anchoa mitchilli 241 1336 323 378 
Archosargus probatocephalus  2  2 
Bairdiella chrysoura 4 2   
Chloroscombrus chrysurus  1   
Diapterus auratus   2 
Dorosoma petenense  33   
Etropus crossotus  2  1 
Evorthodus lyricus  1  8 
Fundulus confluentus   1 
Fundulus heteroclitus  1 5 7 
Gobiosoma bosci 3 7 1 
Lagodon rhomboides  1   
Leiostomus xanthurus  1 1 
Lutjanus jocu  2   
Menidia menidia 2 4  4 
Opsanus tau  7 1 1 
Paralichthys lethostigma 7 1 4 1 
Prionotus carolinus  1 1 
Symphurus plagiusa 8 3 8 
Syngnathus fuscus   1 

Fish total 265 1393 345 417 

Quadrant and Spat Sampling 

Prior to construction the length of the proposed living shoreline was laid out and 10 transects 

were evenly spaced along the site. Three 0.25m2 quadrants were spaced every meter starting at 

the base of the bulkhead.  After construction the same transect locations were used and quadrants 

were spaced one meter apart starting at the base of the living shoreline to the high tide water line. 

The numbers of live and dead oysters were counted in each quadrant and the length of up to 30 

live oysters, if present, were measured using Venier calipers. Mortality was calculated for each 

quadrant by taking the number of dead oysters divided by the total number of oysters.  The 
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number of Spartina alterniflora plants and the length of up to 30 stems were measured.  

Quadrant sampling occurred in late fall/early winter 

The availability of oyster spat was measured prior to installing the living shoreline to determine 

if oyster spat was available and at what density in Mosquito creek.  Three replicate spat sticks 

were set out monthly from April - November in 2012 to check for availability (Figure 34).  After 

the living shoreline was installed spat on oyster shell was counted to determine if oysters had 

recruited to the site (Figure 35). Spat monitoring will continue in subsequent years. 

Prior to construction no oysters were observed within any of the quads (Table 10).  One small 

reef not located on the transects was present and one 0.25m2 quadrant was conducted for 

reference, and had a density of 43 live and 6 dead oysters and the mean length of live oysters was 

37.5 mm (n=30). Spartina was found in 3 quads (10%) and had a ranged from 7-20 stems per 

0.25m2 and mean height of 417.9 mm. 

After construction of the living shoreline live oysters were found on each transect and that 

density was greatest on the lower quads (at the base of the reef) with 20.4 oysters per 0.25 m2 

and decreased as you moved toward the upland with 10.7, and 3.2 oysters, respectively.  The 

mean length of oysters was 20.5 mm (N=380) and ranged from 8.6 - 50.0 mm (Table 10).  We 

did have less spartina present with stems only found in 2 quads with stem densities of 1 and 5 

(Table 11). The mean height of spartina was 236.0 mm. We did measure spartina in the patches 

planted on the shell slope and found spartina and found that it had a mean density of 26.1 stems 

per 0.25m2 with an mean height of 362.2 mm.  No barnacles or mussels were observed in the any 

of the 0.25m2 quadrants. The reef will be continued to be monitored for two more years to track 

oyster recruitment, density, size, and mortality. 
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Figure 34. Spat collector used monitor oyster spat at living shoreline site prior to construction, Little St. Simons Island, 

GA. 
 

 
Figure 35. Oyster spat on bagged oysters used at the living shoreline, Little St. Simons Island, GA 
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Table 10. Mean oyster density and length of live oysters observed pre construction and post construction of the living 
shoreline on Little St. Simons Island, GA. 

Live oyster 0.25m2 Mean oyster length 
L M U L M U 

Pre 
1 0.00 0.00 0.00 
2 0.00 0.00 0.00 
3 0.00 0.00 0.00 
4 0.00 0.00 0.00 
5 0.00 0.00 0.00 
6 0.00 0.00 0.00 
7 0.00 0.00 0.00 
8 0.00 0.00 0.00 
9 0.00 0.00 0.00 

10 0.00 0.00 0.00 

Post 
1 91.00 10.00 0.00 23.36 17.89 
2 12.00 35.00 6.00 22.75 18.39 14.07 
3 20.00 30.00 3.00 20.46 17.61 21.43 
4 7.00 0.00 0.00 19.76 
5 1.00 0.00 0.00 24.40 
6 14.00 0.00 6.00 26.04 17.18 
7 95.00 83.00 0.00 18.70 25.12 
8 144.00 12.00 0.00 24.83 21.43 
9 0.00 32.00 21.00 18.32 18.50 

10 24.00 11.00 27.00 19.29 18.95 18.85 
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Table 11. Mean spartina density and length of spartina observed pre construction and post construction of the living 
shoreline on Little St. Simons Island, GA. 

 Mean spartina density Mean spartina height 
 L M U L M U 

Pre 
1 0.00 0.00 0.00 
2 0.00 0.00 0.00 
3 0.00 0.00 0.00 
4 0.00 0.00 0.00 
5 0.00 8.00 20.00 203.13 530.95 
6 0.00 0.00 7.00 340.57 
7 0.00 0.00 0.00 
8 0.00 0.00 0.00 
9 0.00 0.00 0.00 

10 0.00 0.00 0.00 
 

Post 
1 0.00 0.00 0.00 
2 0.00 0.00 0.00 
3 0.00 0.00 0.00 
4 0.00 1.00 0.00 
5 0.00 0.00 0.00 
6 0.00 0.00 5.00 236.00 
7 0.00 0.00 0.00 
8 0.00 0.00 0.00 
9 0.00 0.00 0.00 

10 0.00 0.00 0.00 

 

Water quality 

Water parameters at Mosquito Creek at the surface and 1 meter below the surface from March 

2012 - present.  Overall the site had a mean salinity of 28.8 ppt, temperature of 21.9°C, DO of 

4.6 mg/, and pH of 7.6.  Prior to construction March 2012 - January 2013 parameters averaged 

31.8 ppt, 23.1°C, 4.2 mg/l, and 7.6 for salinity, temperature, DO, and pH, respectively.  Since 

construction April 2013-present we have observed a mean salinity of 19.7, temperature of 

20.6°C, DO of 5.0 mg/l, and pH of 7.6.  The lower salinity observed since installation is most 

likely due to the high amount of rainfall we received from late winter through summer 2013. A 

complete table of all readings is below (Table 12) and water quality will continue to monitored 

over the coming years. 
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Table 12. Water quality data collected at the surface and 1m below the surface at Mosquito creek from March 2012-
January 2014, Little St. Simons Island, GA 

Date Depth pH 
Dissolved 
Oxygen 

Temperature 
(Celcius) Salinity (ppt) 

29-Mar-12 Surface 7.56 4.26 23.07 22.57 
1 Meter 7.57 4.48 23.06 22.64 

5-Apr-12 Surface 7.61 3 23.63 30.83 
1 Meter 7.64 3.12 23.65 30.98 

12-Apr-12 Surface 7.5 3.78 21.11 29.99 
1 Meter 7.59 3.81 21.13 30.28 

20-Apr-12 Surface 7.67 3.36 22.9 32.18 
1 Meter 7.74 3.36 22.9 32.25 

26-Apr-12 Surface 7.77 4.37 20.97 30.63 
1 Meter 7.83 4.36 20.93 30.7 

8-May-12 Surface 7.31 3.34 26.48 33.24 
1 Meter 7.31 3.19 26.5 33.17 

22-May-12 Surface 7.26 3.36 24.26 32.54 
1 Meter 7.3 3.32 24.06 32.61 

30-May-12 Surface 7.46 3.97 26.33 31.69 
1 Meter 7.48 3.92 26.2 31.9 

5-Jun-12 Surface 7.37 3.21 26.74 33.18 
1 Meter 7.4 3.31 26.74 33.32 

14-Jun-12 Surface 7.41 3.87 28.01 31.47 
1 Meter 7.46 3.96 27.94 31.54 

20-Jun-12 Surface 7.47 3.71 26.72 31.63 
1 Meter 7.55 3.92 26.7 31.78 

28-Jun-12 Surface 7.5 3.81 27.67 29.41 
1 Meter 7.56 3.86 27.04 29.68 

5-Jul-12 Surface 7.4 2.63 29.4 28.98 
1 Meter 7.41 2.73 29.4 29.19 

9-Jul-12 Surface 7.63 3.9 31.48 31.69 
1 Meter 7.66 4.05 31.11 31.98 

21-Jul-12 Surface 7.47 2.89 28.95 31.81 
1 Meter 7.5 2.9 28.96 32.03 

24-Jul-12 Surface 7.81 3.58 31.02 33.6 
1 Meter 7.86 3.93 30.56 33.81 

31-Jul-12 Surface 7.53 2.66 29.37 33.97 
1 Meter 7.65 2.51 29.36 33.97 

1-Aug-12 Surface 7.65 2.82 29.09 34.18 
1 Meter 7.65 2.56 29.08 34.18 

12-Aug-12 Surface 7.78 4.41 30.86 33.82 
1 Meter 7.8 4.41 30.47 33.96 

16-Aug-12 Surface 7.58 2.59 28.86 32.76 
1 Meter 7.59 2.63 28.9 32.76 

24-Aug-12 Surface 7.74 3.25 28.08 32.8 
1 Meter 7.82 3.3 27.66 32.78 

29-Aug-12 Surface 7.71 2.86 27.56 30.86 
1 Meter 7.72 2.84 27.55 30.86 

4-Sep-12 Surface 7.82 3.24 30.21 32.16 
1 Meter 7.83 3.38 29.89 32.3 
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Table 12. Continued 

Date Depth pH 
Dissolved 
Oxygen 

Temperature 
(Celcius) Salinity (ppt) 

14-Sep-12 Surface 7.71 3.19 26.44 28.42 
1 Meter 7.73 3.19 26.35 28.71 

19-Sep-12 Surface 7.79 3.69 27.98 30.59 
1 Meter 7.82 3.72 28.02 30.59 

27-Sep-12 Surface 7.76 3.03 26.01 31.89 
1 Meter 7.8 2.85 25.99 31.82 

1-Oct-12 Surface 8.01 2.87 26.54 32.58 
1 Meter 8.02 2.96 26.51 32.73 

9-Oct-12 Surface 7.94 3.61 25.84 30.72 
1 Meter 8 3.68 25.82 30.86 

15-Oct-12 Surface 8.16 3.88 24.28 32.39 
1 Meter 8.18 3.9 24.28 32.39 

23-Oct-12 Surface 8.17 4.3 23.22 31.9 
1 Meter 8.21 4.32 23.22 32.12 

29-Oct-12 Surface 8.18 4.61 20.08 32.98 
1 Meter 8.22 4.58 20.12 33.05 

8-Nov-12 Surface 7.31 5.53 16.83 33.73 
1 Meter 7.32 5.5 16.83 33.73 

15-Nov-12 Surface 7.31 5.26 16.46 34 
1 Meter 7.32 5.28 16.46 34 

20-Nov-12 Surface 7.32 5.95 15.05 33.48 
1 Meter 7.35 5.99 14.97 33.47 

1-Dec-12 Surface 7.28 5.86 14.33 34.01 
1 Meter 7.32 5.9 14.31 34.08 

7-Dec-12 Surface 7.43 5.77 16.99 33.96 
1 Meter 7.44 5.81 16.95 33.96 

20-Dec-13 Surface 7.43 5.81 16.58 32.56 
1 Meter 7.47 5.81 16.52 32.63 

14-Dec-13 Surface 7.36 5.53 14.95 33.62 
1 Meter 7.37 5.53 14.95 33.62 

27-Dec-13 Surface 7.29 6.01 12.53 32.24 
1 Meter 7.34 6.12 12.54 32.24 

3-Jan-13 Surface 7.52 6.42 12.73 33.04 
1 Meter 7.54 6.53 12.71 33.11 

10-Jan-13 Surface 7.43 6.13 13.06 31.28 
1 Meter 7.46 6.28 13 31.7 

16-Jan-13 Surface 7.45 5.89 18.2 29.13 
1 Meter 7.47 5.91 17.74 29.69 

25-Jan-13 Surface 7.51 6.63 13.28 30.09 
1 Meter 7.54 6.63 13.37 30.16 

30-Jan-13 Surface 7.4 5.98 15.82 29.73 
1 Meter 7.43 6.03 15.73 30.08 

13-Feb-13 Surface 7.21 5.5 16.46 29.91 
1 Meter 7.27 5.49 16.41 30.26 

19-Feb-13 Surface 7.24 6.72 14.31 21.25 
1 Meter 7.34 6.67 13.63 24.17 
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Table 12. Continued 

Date Depth pH 
Dissolved 
Oxygen 

Temperature 
(Celcius) Salinity (ppt) 

5-Mar-13 Surface 7.21 7.22 12.33 4.61 
1 Meter 7.13 7.15 11.92 6.18 

11-Mar-13 Surface 7.16 6.49 14.99 11.77 
1 Meter 7.16 6.49 14.05 16.76 

27-Mar-13 Surface 7.1 6.62 13.68 17.81 
1 Meter 7.2 6.64 13.68 17.94 

8-Apr-13 Surface 6.87 5.26 18.02 8.96 
1 Meter 6.9 5.22 17.96 9.71 

22-Apr-13 Surface 6.75 5.42 18.4 14.29 
1 Meter 6.84 5.43 18.39 14.29 

29-Apr-13 Surface 6.92 5.2 23.66 14.58 
 1 Meter 7 5.07 23.66 14.71 

8-Aug-13 Surface 7.31 3.89 29.35 17.77 
1 Meter 7.49 3.64 29.37 19.14 

16-Aug-13 Surface 7.46 3.57 29.58 16.09 
1 Meter 7.49 3.42 29.52 16.42 

17-Sep-13 Surface 7.47 2.81 29.22 23.25 
1 Meter 7.72 2.96 29.34 24.17 

26-Nov-14 Surface 8.02 5.65 15.66 27.04 
1 Meter 8.1 5.71 15.57 27.52 

16-Nov-13 Surface 7.6 5.31 15.41 29.35 
1 Meter 7.9 5.25 15.29 29.42 

19-Dec-13 Surface 8.21 6.28 13.5 19.94 
1 Meter 8.27 5.98 13.51 27.28 

1-Jan-14 Surface 8.47 6.81 13.31 n/a 
1 Meter 8.53 6.86 13.31 n/a 

 

Outreach 

Development of outreach materials was undertaken to provide information on the living 

shoreline project on Little St. Simons Island and about their use in Georgia. We developed a 

2'x3' sign to be installed at the living shoreline site and at the meeting/teaching space on Little St. 

Simons Island (Appendix V) A rack card was also developed to hand out at public events to 

inform the public about the living shoreline project on LSSI and about the use living shorelines 

in Georgia (Appendix VI).  

Cost 

Little St. Simons Island spent $106,907.88 on the project (Table 13) in addition to the funds 

supplied by the grant. A cost analysis of living shorelines in Georgia (McKinnon 2013) found 
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that living shorelines are less expensive then bulkheads or revetments. For Little St. Simons 

Island the living shoreline cost $361/per linear foot for materials and installation and is cheaper 

than the price for bulkheads which range from $652 - $1022/per linear foot and revetments 

which ranged from $440 - $469/per linear foot. Below is breakdown of the different structures 

and their associated cost compiled from McKinnon (2013) (Table 14). 

Table 13. Living shoreline expenses that Little St. Simons Island covered. 
Item        Cost 
Engineering plans       $7760.00 
Landscape design and grading plan     $9035.50 
Construction Contractor      $63,326.19 
Native plants:        $3067.04 
Barge company      $14,000.00 
Labor        $9,719.15 
Total spent by LSSI       $106,907.88 
 
Table 14Cost comparison of three types of bulkheads, three revetments, and living shoreline for Little St. Simons Island, 
GA. 
Bulkheads: 
A bulkhead is any shore-parallel vertical structure or wall designed to prevent erosion of the 
land. 
 
Vinyl bulkhead w/toe protection - Cost per linear foot $283 (materials)  $686 (installed). 
 
A vinyl bulkhead is a vertical sea wall constructed of rigid, interlocking vinyl sections. Each 
section is 18" wide on average, has tongue and groove type edges which lock together with 
adjacent sections, and is driven into the ground for stability. Additional stability is provided by 
tie-backs which extend from the exposed face of the wall into the embankment to a fixed anchor. 
The toe, or the embankment below the bulkhead that is exposed to the water, is protected from 
currents and waves by large granite rocks called rip-rap. 
 
Wooden bulkhead w/toe protection - Cost per linear foot $241 (materials)  $652 (installed) 
 
A wooden bulkhead is a vertical sea wall constructed of pressure-treated wood sections. Each 
section is 12" wide on average, has tongue and groove type edges which fit together with 
adjacent sections, and is driven into the ground for stability. Additional stability is provided by 
tie-backs which extend from the exposed face of the wall into the embankment to a fixed anchor. 
The toe, or the embankment below the bulkhead that is exposed to the water, is protected from 
currents and waves by large granite rocks called rip-rap. 
 
Concrete bulkhead with toe protection - Cost per linear foot $476 (materials) $1022 
(installed) 
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A concrete bulkhead is a vertical sea wall constructed of concrete sections. Each section is 18"-
36" wide on average, has tongue and groove type edges which fit together with adjacent sections, 
and is driven into the ground for stability. Additional stability is provided by tie-backs which 
extend from the exposed face of the wall into the embankment to a fixed anchor. The toe, or the 
embankment below the bulkhead that is exposed to the water, is protected from currents and 
waves by large granite rocks called rip-rap. 
 
Revetment: 
Revetment are sloping structures made of hard materials placed on banks in such a way as to 
absorb the energy of incoming water. Revetments are usually built to preserve the existing uses 
of the shoreline, to protect the slope, and as defense against erosion. 
 
Granite Type 1 Rip Rap with Type 1 toe protection - Cost per linear foot $164 (materials) 
$469 (installed) 
 
Granite Type 1 Rip Rap, also known as "surge stone," is comprised of granite stones, each 
weighing approximately 125 Ibs on average and measuring 18" to 24" in diameter. It is used in 
areas where larger stones are needed for stability or to resist the forces of strong currents or wave 
action. Geotextile, a woven nylon fabric, is placed under the rip rap to further reduce the energy 
of the water on the soil and further prevent soil loss. 
 
Granite Type 3 with Type 1 toe protection - Cost per linear foot $155 (materials) $443 
(installed) 
 
Granite Type 3 Rip Rap is comprised of granite stones, each weighing approximately 15 lbs on 
average and measuring 6" to 8" in diameter. It is used to reduce the velocity and energy of water 
currents on the upper portions of the bank. Geotextile, a woven nylon fabric, is placed under the 
rip rap to further reduce the energy of the water on the soil and further prevent soil loss. Granite 
Type 1 Rip Rap is used to provide additional stability on the lower portion of the bank. 
 
Granite Type 3 with Type 3 toe protection - Cost per linear foot $152 (materials) $440 
(installed) 
 
Granite Type 3 Rip Rap is comprised of granite stones, each weighing approximately 15 lbs on 
average and measuring 6" to 8" in diameter. It is used to reduce the velocity and energy of water 
currents on all portions of the bank. Geotextile, a woven nylon fabric, is placed under the rip rap 
to further reduce the energy of the water on the soil and further prevent soil loss. 
 
Living Shoreline: 
A living shoreline is a revetment that mimics natural, native habitat, provides increased 
opportunities for species diversity and productivity, and can serve to improve water quality and 
the ecological integrity of the area. 
Oyster bags with Recycled Concrete Toe Protection - Cost per linear foot $120 (materials) 
$361 (installed). 
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Oyster bags are plastic mesh bags that are filled with loose oyster shells. Each bag is 
approximately 10 inches in diameter and weighs 10 Ibs on average. Oyster bags are used instead 
of rip rap to reduce the energy of water currents and also to provide habitat and a growing 
medium for living oysters. The living oysters in time provide water filtration and natural 
cementation and structural integrity to the embankment. Native plants are used at the top of the 
bank to further reduce erosion and provide habitat and water filtration. Granite Type 1 Rip Rap is 
used on the bottom portion of the bank for additional stability. 

Discussion 

The use of living shorelines is still in its infancy in Georgia and this project is the third of its type 

in coastal Georgia.  The main focus of this project was to increase our knowledge about living 

shorelines in coastal Georgia and specifically how nekton community responds to the habitat 

created by living shorelines. The use of oyster shell has allowed new oysters to settle upon the 

and has increased the area of live oysters at the site. Intertidal reefs created by oysters classified 

as essential fish habitat and provide habitat for invertebrates (Wells 1961) and in Georgia, Bahr 

and Lanier (1981) found that 1m2 of intertidal oyster reef had 50m2 of surface area for epifauna 

to utilize. The added oyster habitat has already had a positive impact upon the fish community at 

the site.  The most abundant fish species remained the bay anchovy (Anchoa mitchilli), but we 

did see their numbers increase and the number species present double from 10 to 20 in the two 

sampling periods that have occurred after installation of the living shoreline.  We also noticed an 

increase in the number of grass shrimp (Palaemontes spp.) present after construction of the 

living shoreline.  Bay Anchovy and grass shrimp are important ecological species since they help 

form the base of the food webs (Baird & Ulanowicz 1989; Luo & Musick 1991) and are an 

important component of the diet of many finfish (Williams 1984; Collette & Klein-MacPhee 

2002).  We also observed an increase in the number commercially and recreationally important 

species such as white shrimp (Penaeus setiferus) and sheepshead (Archosargus 

probatocephalus). This support finding by Dame et al. (2002) that found that the biomass of 

nekton was higher in creeks where oysters where present when compared to creeks with oysters.  

Subsequent sampling will allow for us to understand the full impact that the living shoreline will 

have upon nektonic species. Oyster recruitment to the living shoreline is similar to what has been 

observed at Ahshantily and other artificial reefs that have been established in Georgia. The site at  

The cost of living shoreline was less expensive than the estimated cost of bulkhead or revetment 

at the site. Long term monitoring is needed to know the lifespan of living shorelines, but it does 
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seem that maintenance and repairs will be less since the use of heavy machinery will not be 

necessary.  The site at Little St. Simons Island had sandier soils that are less compact than soils 

observed at the sites on Sapelo Island. Although, the construction of the living shoreline did 

differ from the construction used on Sapleo Island, at the Ashantilly site, to address the slumping 

that was observed, we still feel that comparison of the two sites will allow for insight on how 

living shorelines will behave on different sediments 

The continued monitoring at the site and comparison to other living shoreline sites will increase 

our understanding of the use of living shorelines in coastal Georgia and help in the development 

and refinement of guidelines for the use of living shorelines. 
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Appendices 

Appendix I. Little St. Simons Island Living Shoreline Plans 
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Appendix II. Landscape Architecture Plan 
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Appendix III. AmeriCorps NCCC Service Project Concept Application Form 
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Appendix IV. AmeriCorps Joint  
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Appendix V. Living shoreline sign for display on Little St. Simons Island 

 



70 
 

Appendix VI. Living shoreline rack card 

 



71 
 

 


