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Abstract: 

A community-based oyster restoration effort in Clam Bayou, a substrate-limited back bay on 

Sanibel Island in southwest Florida was undertaken from October 2009 through September 

2011. Under this NOAA/TNC sponsored project, three oyster reefs totaling 637 square meters 

were constructed using fossil shell bags placed in fringing intertidal reefs by 518 volunteers 

contributing nearly 1,000 hours of time. An additional 124 square meters of reef were 

constructed concurrently under a grant awarded by National Association of Counties (NACo). 

The oyster restoration project included a robust monitoring plan consisting of periodic retrieval 

(8 months; 12 months post-construction) of monitoring trays from constructed and nearby 

natural reefs to evaluate reef development. Native oyster (Crassostrea virginica) density and 

resident reef community composition, reef relief, water quality, in situ seston uptake, and 

benthic submerged aquatic vegetation (SAV) surveys were measured as part of the pre-

construction monitoring plan submitted to TNC. After one year, all five constructed reefs met 

success criteria for density, growth, recruitment, and resident reef community development. 

The constructed reefs had abundant initial recruitment and growth of oysters after the first 

season of recruitment (8 months post-construction), but suffered high mortality rates during a 

period of high temperature and salinity between April 2011 and August 2011. Nearby 

monitoring of Perkinsus marinus levels indicated that Perkinsus was prevalent (Volety, pers. 

comm.) and it was deduced that mortality observed during that period was likely related to 

Perkinsus infection. Separate multivariate analyses of the oyster size class distributions and 

invertebrate reef residents demonstrated that constructed reefs were similar to other 

constructed reefs. Constructed reefs were also similar to natural reefs within Clam Bayou but 
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differed from natural reefs in nearby Tarpon Bay and Pine Island Sound. In situ fluorometry (Dr. 

Raymond Grizzle) demonstrated that constructed reefs removed 13-44% of chlorophyll a from 

the adjacent water column. This finding, combined with a diverse reef resident invertebrate 

community, suggested that the constructed reefs were providing valuable ecosystem services 

(habitat and water quality improvement) in as little as one-year post reef construction. 

Compared to other similar restoration projects in the Northern Gulf of Mexico and South 

Carolina, Clam Bayou had relatively rapid development within the first year suggesting that 

subtropical oyster populations may develop more rapidly if suitable sites and conditions are 

chosen. Additional monitoring will be performed up to two years post construction to better 

gauge the long term success of this project.  
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Introduction  

Oyster reefs are one of the most threatened estuarine habitats worldwide (Beck et al. 

2010). Overharvesting, sedimentation due to human development, and dredging for 

channelization or other human uses have reduced oyster reefs by an estimated 85% overall 

(Beck et al. 2009). Anecdotally, oyster reefs were once abundant in Southwest Florida as 

evidenced by navigation hazards on nautical charts (E. Estevez, personal communication). 

Longtime Sanibel resident Ralph Woodring, remembers when his mother cut mangrove prop 

roots (“a dangle of oysters”) for “oyster roasts” at a cost of two dollars, served to northern 

visitors. Mr. Woodring has noticed a decline in the number of prop roots with oysters and a 

reduction in size that occurred in the 1960s and 1970s. 

When conditions are suitable, native oysters (Crassostrea virginica) form reefs in 

Southwest Florida (Volety et al. 2008) and create structurally complex habitat. Oyster reefs 

filter water and serve as prey and habitat for many other estuarine animals (Coen et al. 1999). 

Oysters are often referred to as ‘ecosystem engineers’ (Jones et al. 1994) because of their 

ability to form biogenic 3-dimensional reef structure that attracts fishes and invertebrates. 

Other ecosystem services are performed by oyster reefs and include providing habitat for other 

organisms, water filtration, and shoreline stabilization. Oysters and other filter feeding shellfish, 

remove suspended solids from the water and some have suggested that this can clarify the 

water to enable seagrass growth and reduce the likelihood of harmful algal blooms (Newell 

2004, Newell and Koch 2004). 

The reef construction and restoration approach consists of placement of hard substrate 

(fossil oyster shell) by volunteers onto the restoration sites, followed by natural settlement of 
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oyster larvae onto the fossil shell (Brumbaugh et al. 2006). The typical result is an increasingly 

complex biotic community over time (=ecological succession) as organisms recruit to the 

restoration site, as well as increases in oyster size and density (Luckenbach et al. 2005; Rodney 

and Paynter 2006; Hadley et al. 2010). Commercial and recreational harvest of shellfish is 

conditionally permitted in parts of Pine Island Sound (Fluech 2011) and Southwest Florida. 

However, reefs constructed in shallow water near the land margins are closed to harvest. Once 

built in these no take areas, a constructed reef could increase the area and quality of oyster 

reefs in the region. 

To use this approach, a comprehensive restoration strategy was developed following 

The Nature Conservancy’s Conservation by Design approach and the “5-S” methodology. The 

overarching goal of this project was to restore and enhance degraded oyster habitats on a 

barrier island. In order to determine the relative success of the project, we applied rigorous 

sampling and monitoring techniques and compared the findings from Southwest Florida to 

similar restoration projects in the Northern Gulf of Mexico and South Carolina. 

Clam Bayou is a 400-acre, shallow, mangrove-lined embayment located on Sanibel 

Island, Lee County, FL. It is adjacent to one of the most visited natural areas in the United 

States, the J.N. “Ding” Darling National Wildlife Refuge and to the Gulf of Mexico beaches. Land 

use in the area is a mix of artificially created waterways, natural back bays, resource protection 

areas, undeveloped land, and residential or commercial developments. Historically, Clam Bayou 

and Blind Pass were well-flushed, diverse ‘back bay’ habitats connected to Pine Island Sound 

through mangrove wetlands and connected to the Gulf of Mexico through a series of temporary 

cuts. The region is dynamic, especially on the Gulf of Mexico side, as evidenced from the 
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position of channels and various geomorphic features in historical aerial photographs (Wilson 

et al. 2000). 

Clam Bayou suffered from a multiple habitat die-off caused, in part, by hydrological 

impairment (2000-2006) when the sole tidal connection was blocked. The blockage of tidal flow 

caused seasonal flooding, poor water quality, fish kills, algae blooms, and hypersalinity. The 

hydrology was restored in 2006 by the installation of a box culvert allowing tidal flushing (NOAA 

Restoration Center 2008). The pre-culvert water level fluctuations caused many of the existing 

eastern oyster (Crassostrea virginica) reefs to be at a non-natural elevation, higher than the 

intertidal zone and thus unavailable as substrate for new oyster recruitment. There were also 

areas of low density, scattered, loose shell that may have been part of reef at one time, but had 

now degraded into an occasional oyster clump in sandy mud. During the study period (2009-

2011), there were two concurrent community-based restoration projects located in Clam 

Bayou. This report focuses on the TNC/NOAA effort (partnership with the City of Sanibel) and 

includes the evaluation of the project’s monitoring data. The second NACo/NOAA effort 

(partnership with Lee County and the City of Sanibel) had a small oyster restoration component 

but mainly focused on the restoration of multiple habitats (mangrove, oyster reefs, and 

submerged aquatic vegetation) within Clam Bayou. The final report for the NACo/NOAA effort 

describes the goals and outcomes of the project (Milbrandt 2011). The two projects had similar 

oyster restoration goals and were conducted in close proximity of each other with the intent to 

broaden realized benefits to the area. The oyster restoration projects necessitated a 

comprehensive discussion of our approach, results, success criteria and conclusions for both 

projects. However, each project separately tracked expenses, volunteer hours, and acreage so 
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that the individual projects remained separate on maps and in the analysis. Given the emphasis 

on shellfish restoration for TNC/NOAA, an in-depth analysis of the results for all 5 reefs (3 TNC; 

2 NACo) within Clam Bayou is presented in this report. There was a change in the PI after 18 

mo. from Dr. Loren Coen to Dr. Eric Milbrandt and a no-cost extension (NCE) was provided to 

extend the project end from Sept. 30, 2011 to Feb. 29, 2012. 

 The evaluation of constructed reef condition relied upon several of the published 

metrics (reef size, recruitment, oyster density, reef elevation, reef relief, and resident 

invertebrate community composition). In addition, Dr. Raymond Grizzle collaborated to 

measure seston particle uptake (chlorophyll a) over the constructed reefs using in situ 

fluorometry (the full report can be found in Appendix A). Oysters are commonly the dominant 

filter feeding species on a reef, but other filter feeding taxa may also be present. Thus, water 

filtration rates were expected to change as the reef community developed, and over time the 

whole-reef filtration rate should increase. We are not aware, however, of any previous studies 

on how water filtration rates of constructed/restored oyster reefs change over time. Nelson et 

al. (2004) measured several seston parameters over small “transplanted” intertidal oyster reefs 

in North Carolina, and reported no significant differences in upstream versus downstream 

concentrations. Grizzle et al. (2008) quantified seston removal by natural and restored reefs of 

different ages and populated by different filter-feeding bivalve (primarily oyster) densities. 

Seston removal rates on the constructed reefs were not clearly related to age of the reef, but 

instead to water flow relative to mean size and density of the bivalve populations, similar to the 

findings of Cressman et al. (2004). These few previous studies indicate that restored oyster 

reefs should provide water quality improvements soon after construction, and the overall 
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impact is determined by the size, density, and species composition of the resident filter-feeding 

populations relative to water flow characteristics over the reef (Coen et al. 2007; Newell et al. 

2007). The collaboration was aimed at measuring how seston removal rates change as the 

restored reefs develop and was used as an additional metric in evaluating success.  

Methods 

Pre-Construction Site Evaluation–Standard-sized (30 cm by 45 cm) recruitment monitoring 

trays filled with fossil oyster shell (Rehrig Pacific; Figure 1) were deployed in August 2008 and 

retrieved in May 2009 encompassing a high recruitment period in the region (Volety, pers. 

comm.). Locations were chosen throughout Clam Bayou (Figure 2) with consideration for the 

distance from the culvert and existing natural reefs. Tray contents were emptied into a stainless 

steel sieve and sediment washed off. Live oysters were counted and measured. Oyster densities 

were calculated and plotted to determine a rough spatial map oyster recruitment throughout 

Clam Bayou to help in determining where the eventual reefs would be built (Figure 3). 

 The oyster reef construction sites were eventually chosen using a combination of the 

aforementioned map and on-the-ground surveys. Footprints for reef construction were staked 

in areas where higher recruitment was observed and current flow rates were higher. Sites 

without significant living oyster shell substrate were chosen to avoid destroying existing habitat 

(and to comply with construction permits). Other considerations included location of the 

eventual constructed reef footprints relative to existing natural reefs, a lower intertidal 

elevation (from observations of reefs in the region), firm substrate, and areas with degraded, 

low density oyster shell clusters.  
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Clam Bayou is a shallow embayment that is relatively well protected from shoreline 

erosion because of short fetch, and no public access for vessels larger than a kayak or small jon 

boat. Clam Bayou is designated as an “idle-speed” zone and therefore lacks harmful boat 

wakes. Clam Bayou may be considered a “trap estuary” (Pritchard 1953) and has a high degree 

of water retention to promote shellfish and colonizing species and served as a good pilot 

location. As mentioned previously, all of Southwest Florida is closed to shellfish harvesting and 

the likelihood of poaching is greatly reduced because of limited public access. The risk of 

predation was not addressed during site evaluation because of the lack of available data about 

predator densities and a lack of standard protocols for measuring predatory pressures on 

oyster restoration projects. 

Reef Construction–Three sites (TNC1, TNC2, TNC3) were chosen for constructing reefs for 

NOAA/TNC project and two sites (NACo1, NACo2) were established for the concurrent NACo 

project (Figure 4). Four truckloads of fossil shell from SMR Aggregates (Sarasota, FL) were 

delivered to Bowman’s beach. Three truckloads were delivered in 2009 and one was delivered 

in 2011. Each truckload consisted of 23-26 tons of material which was piled by City of Sanibel 

heavy equipment operators (Figure 5). TNC reefs required 2.5 truckloads and the remaining 

fossil shell was used on NACo reefs. 

Volunteer events were held to shovel fossil shell into mesh bags at Bowman’s beach 

from December to March 2010 and again from May to June 2011. The shell was shoveled and 

raked into 5-gallon buckets. The buckets were used to then fill PVC tubes (8” diameter, 72” 

length, schedule 40) covered with Delstar #1142 mesh, cut from rolls. The rolls of mesh were 

put on an in-house designed jig to cut 150 cm of mesh for each bag. One end was tied with a 
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knot and the bag was ‘loaded’ onto a tube (Figure 6). Once the bag was filled the PVC tube was 

removed and the end of the bag was tied (Figure 7). The shell bags were stacked on pallets at 

Bowman’s Beach and remained there until being loaded on a flatbed trailer for transport to 

Clam Bayou.  

Oyster restoration in Clam Bayou presented several logistical challenges. There were a 

limited number of locations to stage the fossil shell bags prior to deployment. In addition, a 

limited number of bags could be safely transported on the donated shell bag transport barge. 

There were also safety concerns about transporting volunteers to the reef construction sites. 

These were significant challenges that required more time for planning than expected. Because 

of liability concerns, volunteers had to be at least 16 years old, sign a waiver, and were not 

allowed to ride in any motorized SCCF boat. SCCF provided kayaks or canoes with personal 

floatation devices (PFDs) and encouraged volunteers with their own boats to participate. This 

worked well in recruiting new volunteers who enjoy kayaking. 

 Jensen’s Marina, on Captiva Island, donated a 22-foot pontoon boat (the dedicated 

project barge) to transport shell bags to the reef construction sites. The sides, engine and seats 

were removed by SCCF Marine Lab staff and the vessel served as a makeshift barge (Figure 8). 

The pontoon boat was launched at a narrow boat ramp, at Bowman’s. With permission from 

the City of Sanibel and residents of Clam Bayou, the boat remained moored with two stern 

anchors, approximately one half mile from where the bags of shell were located for the 

duration of the deployment events. The City of Sanibel donated the use of a truck and a 17-foot 

trailer (operated by City partners H. Downing, K. Hed or J. Evans). Occasionally, a SCCF truck 

was also used for deployment events to double our capacity. One group loaded while another 
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group stayed at the culvert to unload bags from the full vehicle to the pontoon. Broken bags 

and loose fossil shell that remained on the ground were re-bagged to the best extent possible.  

In May and June 2010, 4,200 bags of shell for the joint TNC/NOAA and NACo efforts 

were loaded by volunteers and transferred to the pontoon boat. Volunteers paddled to the site 

and bags of shell were unloaded into a previously marked reef footprint, one layer in height. 

Volunteers created a human chain to move the shell bags (Figure 9). The bags were placed end 

to end with no spaces. Adjustments were made to fill holes or move misplaced bags during 

lower tides in July and August 2010. Signs were deployed at each constructed reef site declaring 

“HABITAT RESTORATION IN PROGRESS DO NOT DISTURB” to discourage poaching, trampling or 

other harmful impacts although there was limited access and few visitors to the area. A second 

season of reef-construction was accomplished in May 2011. A second round of reef-

construction was accomplished in May 2011 when it was clear that we would be short of the 

volunteer match goals that we had set previously. An additional truckload of fossil shell and 200 

m2of reef area was added using shell bags between reefs TNC2 and TNC3 (TNC 2011; see Figure 

4). 

Reef Monitoring– Evaluation of post-construction reef performance was accomplished using 

previously described metrics (Hadley et al. 2010, Coen et al. 2011) obtained from sampling 

standard size recruitment trays (Rehrig Pacific) embedded in the reefs. The tray dimensions 

were approximately 46 cm long, 27 cm wide, and 9 cm deep (surface area = 0.125 m2). 

Recruitment tray samples provided oyster recruitment and growth data and the extent of 

habitat utilization by reef-associated species. Trays were also deployed in natural reefs located 

in Clam Bayou, Tarpon Bay and Pine Island Sound (Figure 10) by moving existing shell clusters 
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and embedding the trays within the reefs. Each tray was lined with a fine mesh (0.5 cm, 

Industrial Netting), filled with fossil shell, and then covered with larger mesh (2 cm, Industrial 

Netting). The trays were numbered with aluminum tags (Forestry Suppliers) and covers were 

secured with galvanized wire or cable ties.  

The numbered trays were deployed in late July 2010 shortly after the reefs were 

constructed by removing a shell bag and inserting the tray. Trays were held in place with 2, 20 

cm. j-shaped rebar stakes. They were positioned at approximately mid reef elevation equally 

spaced along the length of each reef. Trays were deployed in multiples of 3 to provide 

replication for statistical analysis. The first set of monitoring tray samples (n=3 per reef) were 

retrieved in May 2011 (after 8 months) to capture one recruitment season. Sets of three trays 

were collected again in early Aug 2011 at all constructed and natural reef sites to evaluate 

conditions 1 year post-construction. 

 Trays for the second reef construction effort were deployed in June 2011 and have not 

yet been collected. These will be collected after 12 months to determine recruitment, size, 

density and colonization by reef residents.  

After the trays were collected, the contents were sorted in a large stainless steel sieve 

with 2 mm stainless mesh. Live oysters and reef residents were separated from fossil shell 

fragments. Live oysters were measured using Bluetooth wireless caliper system (Starrett). Shell 

height was measured from the hinge of the right valve (upper shell) to the highest point on the 

left valve (lower shell). Invertebrate resident fauna was collected from each sample tray and 

fixed with 5% formalin, enumerated, and identified to species level when possible. Voucher 
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specimens were sent to the Florida DEP (Albert Walton) and to the Bailey-Matthew Shell 

Museum (Dr. Jose Leal) for verification. 

The footprints of the constructed reefs were mapped using a Trimble GeoXT GPS and 

the areas of each reef were determined. All reef elevations were estimated using a laser level 

(Lasermark Wizard, CST Berger, USA) and graduated surveying rod. Measurements of reef 

elevation above mean sea level (MSL) were taken at three points mid-reef corresponding to 

monitoring tray placement and referenced to local datum. Elevation above sediment was 

calculated from at least three measurements per reef taken on sediment surface near bottom 

edge of reef subtracted from elevation to top of reef. There were no monitoring efforts 

examining the shoreline protection value of the constructed reefs because of the low energy 

nature of Clam Bayou and the lack of boat wakes. 

Water Quality Monitoring - In collaboration with Dr. Raymond Grizzle, the uptake of seston 

(chlorophyll a) by the constructed reefs was investigated using in-situ fluorometry following 

methods described by Grizzle et al. (2006, 2008). TNC Reefs 1 and 2 were sampled using the 

“upstream/downstream” approach reviewed in Dame (1996) but relying mainly on repeated in 

situ measurements of chlorophyll a concentration with field fluorometers instead of dipped or 

pumped water samples for later laboratory analyses. Discrete water samples were taken in 

2011 sporadically during each measurement period and analyzed in the laboratory for 

chlorophyll a in order to calibrate the fluorometers so that data could be reported as 

chlorophyll a concentrations. In addition to fluorometry measurements, water flow speed (mid-

depth) was measured with a Marsh-McBirney electromagnetic flow meter, and water depth, 

salinity, temperature and dissolved oxygen were measured with field meters several times 
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during each sampling interval. In order to confirm that the fluorometers were placed properly, 

water soluble dye was released sporadically during the measurement period at the upstream 

position and observed as the plume flowed over the reef. The dye releases also provided 

information on horizontal mixing of the water flow field. Monitoring results obtained from 

constructed reefs 3 months and 14 months after completion were compared. A complete 

report of Dr. Grizzle’s methods and findings can be found in Appendix I.  

A continuously recording depth and temperature logger (Onset Hobo) was deployed 

from a dock near the Clam Bayou project area in May 2009 (Figure 11). In addition a YSI 6600 

water quality datasonde on loan from the USFWS Ding Darling National Wildlife Refuge was 

periodically (sporadically) deployed from another dock also near the project area (Figure 11). 

The datasonde measured temperature, turbidity, dissolved oxygen and chlorophyll a, and 

depth. The datalogger data was downloaded and daily means calculated and graphed. 

Unfortunately, the YSI data sonde was not deployed continuously in Clam Bayou due to its 

priority use for other projects. 

Other water quality monitoring included monthly sampling at one site located on the 

northern shoreline (Figure 11) of Clam Bayou from July 2006 through September 2011. 

Parameters evaluated included temperature, chlorophyll a, salinity, turbidity, and dissolved 

oxygen. 

Weather data was obtained from NOAA weather station TS755 located at Ding Darling 

National Wildlife Refuge on Sanibel Island (NOAA 2012a). Historical data was obtained from 

Weatherbase data website (Weatherbase 2010).  
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In August 2011, seagrass beds adjacent to TNC1 and TNC 2 were surveyed for species 

composition, percent coverage, and shoot density following methods outlined in Charlotte 

Harbor Aquatic Preserve Seagrass Monitoring Manual (CHAP 2007). Seagrass was surveyed 

using 1 square meter quadrats placed at four random points along a 100 meter transect. Within 

each quadrat, the species of seagrass were identified, the percent coverage and shoot density 

of each species was enumerated and the fouling intensity was estimated. Time, depth of water, 

sediment classification and canopy height were also recorded. Each transect was positioned 

parallel to shore adjacent to the constructed reefs. Surveys were not attempted adjacent to 

TNC3 due to lack of seagrass coverage in the deep channel (greater than 1.5 m) located just 

offshore of the reef.  

Statistical Analyses - Data from five reefs constructed within the same period (TNC1, TNC2, 

TNC3, NACo1, NACo2) were used in the analyses. All constructed reefs were located within 

Clam Bayou and this data was compared to results from natural reefs monitored in Clam Bayou, 

Tarpon Bay and Pine Island Sound. The samples were collected at natural reef locations were 

performed using the same tray method as described for constructed reefs. Trays were placed at 

6 natural reef sites in Clam Bayou, 4 sites in Tarpon Bay, and 3 sites in Pine Island Sound (Figure 

10). One tray from each location was collected in May 2011 and again in August 2011. For 

analysis, sampling trays were grouped as follows; Clam Bayou (CB)-constructed, Clam Bayou 

(CB)-natural, Tarpon Bay (TB)-natural and Pine Island Sound (PIS)-natural.  

Live oyster size distribution for each constructed site and group of natural reefs was 

examined by plotting mean oyster density by size class (Figure 12) for the 8 month and 1 year 

(12 month) post-construction periods. Multi-dimensional scaling (MDS) ordinations based upon 
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square root transformed data and Euclidean distances were used to compare oyster size and 

density data from constructed and natural sites. Analysis of similarity (ANOSIM) was performed 

on the transformed size data to further compare size class structure between sites. 

Comparisons of mean size oyster size between sites and time periods (8 mo., 1 yr.) were made 

using a two factor analysis of variance (ANOVA, Minitab v. 13.2) on the log transformed data. 

Oyster density differences were examined using a two factor ANOVA with Tukey’s pairwise 

comparisons applied post-hoc to log transformed data. Density comparisons were made 

between sites and time periods for three data groupings; mean total oyster density, mean large 

oysters (greater than 60 mm) and mean recruits (less than or equal to 20 mm). Data 

transformations were conducted to satisfy normality assumptions of statistical tests used and 

homogeneity of variance was tested using Levene’s test. Mean values were calculated from the 

number (n) of monitoring trays deployed in each group or site for a reported time period.  

Reef resident samples from the deployed trays were analyzed using multivariate 

approaches. Fishes were excluded from the analysis because of their ability to escape the trays 

easily during retrieval. Other gear types, such as hook and line and lift nets are preferred for 

highly mobile species (Tolley et al. 2005). Differences in resident invertebrate community 

composition between sites were analyzed using ranked similarity matrices based on Bray-Curtis 

similarity measures of square root transformed data (Primer v. 6.1, ANOSIM). Using this 

method, sites are distinguished on a scale of R=0 (sites similar) to R=1 (sites different). For this 

study, comparisons with significance values of ≤ 0.05 and R values greater than 0.5 are said to 

show clear differences between sites. MDS ordinations were also derived from similarity 

matrices (Clarke and Gorley 2001).  
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To investigate which resident species were responsible for discriminating between reef 

differences, the Primer SIMPER function was used on the Bray-Curtis similarity matrices. 

Diversity metrics including total abundance, species richness, and Shannon Diversity Index were 

calculated using the Primer software DIVERSE function. Association between environmental 

data and resident invertebrate community structure was evaluated using the Primer BIOENV 

function which identifies the subset of environmental data that maximizes the rank correlation 

with biotic data similarity matrices. When using the BIOENV function the following 

environmental variables were used: recruit density, large oyster density, total oyster density, 

salinity, chlorophyll a, turbidity, reef size, and distance from nearest natural reef. When 

evaluating only constructed reefs, the variables reef elevation, and reef height above sediment 

were added to those listed above. 

The Primer RELATE function was used to test correlation between similarity matrices for 

environmental variables and biotic variables by reef. Relationships between densities of xanthid 

crabs, porcelain crabs and mussel and oyster density were investigated. RELATE was also used 

to investigate associations between water quality variables and oyster density. When using 

RELATE, a significance level of 0.05 and a rho (ρ) value greater than 0.5 was considered a 

significant relationship. 

Results 

Community-based reef construction – Over 380 unique volunteers (518 total volunteers) 

participated in construction activities related to the TNC/NOAA oyster restoration project, 

working 971 verified hours. There were 41 total oyster-related volunteer events that included 

shell bagging, reef building and monitoring. Each event lasted 3-4 hours and had an average of 
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14 people attend. For this project, a total of 637 square meters of reef were constructed 

divided among 3 sites. At the conclusion of the 2010 oyster restoration events, the following 

statistics were compiled: TNC-1 (885 shell bags), TNC-2 (1,491 shell bags), TNC-3 (702 shell 

bags), NACo-1 (600 shell bags), and NACo-2 (440 shell bags). Pictures of the reefs in 2010 post 

restoration are provided (Figure 12). 

Monitoring–Oyster size distribution as determined from sampling trays (Figure 13) varied by 

site and by reef age (Figure 14 a-f). Differences in size class distribution were more distinct 

between sites at 1 year (ANOSIM R = .401) than at 8 months (ANOSIM R = .306). However, MDS 

ordination shows most of the constructed reef samples were very similar at sampling points 

(Figure 15) and differences between constructed and natural sites accounted for most of the 

dissimilarity. Size distribution histograms for constructed reefs and the natural reef in Clam 

Bayou show a nearly normal distribution, while the Tarpon Bay and Pine Island Sound natural 

reefs were distinctly right skewed having higher densities of smaller oysters. Several of the 

constructed reefs (TNC1, NACo2) showed a bimodal size distribution after 12 months, while 

none of the natural reefs showed bimodality during the study period. For all natural and 

constructed sites, except TNC3 which had gains in oyster density in this 4 month period, a 

significantly reduced total oyster density was seen after 1 year compared to 8 months. The 

average mortality rate in this 4 month period (April-July) was 25% for constructed reefs and 

34% for natural reefs. However, if we omit constructed reef TNC3 from the analysis, 

constructed reefs had a greater average mortality rate (55%) during this period than natural 

reefs. 
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In general, mean oyster size was inversely related to total oyster density (pooled data, 

Pearson’s, p= <0.001, r2 = -0.636).  This is especially evident comparing the natural sites in Pine 

Island Sound (PIS) to the constructed sites in Clam Bayou. The constructed and natural reefs in 

Clam Bayou had a significantly lower total density, recruit density and large oyster density than 

PIS sites (Tukey’s, p<0.05 for all pairwise evaluations) yet had significantly greater mean oyster 

size for both 8 month and 1 year samples (Tukey’s, p<0.05 for all pairwise evaluations) (Table 

1).   

At 8 months and we could find no significant overall density, recruit density or large 

oyster density differences or size differences between constructed sites but overall density was 

significantly greater at Clam Bayou natural reefs than constructed reefs TNC1, TNC3 and NACo1 

(Tukey’s,  p< 0.05 for all three sites).  

At one year, no significant differences were seen for overall density, recruit density or 

large oyster density among constructed sites, however, the mean oyster size at the NACo1 site 

was significantly greater than the mean size at TNC3 (Tukey’s, p = 0.029).  When comparing 

constructed sites to Clam Bayou natural sites after 1 year we found significantly greater total 

density at the natural sites compared to TNC1, TNC2 and NACo1 (Figure 16; Tukey’s,  p< 0.05 

for all three sites). After one year we also found larger mean oyster sizes at TNC2, NACo1, 

NACo2 compared to the natural sites in Clam Bayou (Tukey’s, p< 0.05 for these comparisons). 

For all natural and constructed sites except Tarpon Bay sites, the mean oyster size was 

significantly greater at 1 year than at 8 months (Table 1; ANOVA, p< 0.05 for these 

comparisons). No differences in recruit, total or large oyster density could be found between 8 

month and 1 year samples for any sites (Tukey’s, p> 0.05 for all pairwise evaluations).  
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After 1 year, the mean height of constructed reefs above surrounding sediment ranged 

from 3.9 to 11.6 cm (Table 1). Mean elevation of the constructed reefs ranged from 39.1 to 49.0 

centimeters below mean sea level (Table 1). Total size of the five reefs constructed during this 

study period ranged from 56 to 260 square meters (Table 1). Additional reef area was added to 

sites TNC2 and TNC 3 between the 8 and 12 month sampling period, adding significant total 

area to those reefs after monitoring trays were already in place. 

For data collected after one year of reef development, significant relationships could be 

found between reef elevation and distance from existing natural reefs verses total oyster 

density (Pearson’s; r = -0.583, p = 0.023;r = -0.494, p = 0.05). The same was found for these 

environmental variables verses large oyster density (Pearson’s, r = -0.636, p = 0.007; r = -0.777, 

p = 0.001). Reef size was also found to be a significant influence on oyster density with modest 

correlations with total density (Pearson’s; r = -0.487, p = 0.05) and large oyster density 

(Pearson’s; r = -0.535, p = 0.04) but no significant relationship with oyster recruit density. No 

significant relationships could be found between recruit (≤ 20mm) density on constructed reefs 

versus elevation, reef size, height above sediment and distance from an existing natural reef 

(Pearson’s, p> 0.413).  

The dry season of 2009-2010 (November through May) was relatively wet with 50.7 

centimeters of rain (NOAA 2012a) compared to the 40 year average of 29.5 cm (Weatherbase 

2012) and the 2010 wet season (June through October) was very dry with 49.2 centimeters of 

rain compared to the 40-year average (107.7 cm) (Figure 17). The 2010-2011 dry season had 

more precipitation than normal at 35.6 cm and the 2011 wet season was drier than normal with 

81.9 cm (NOAA 2012a).  
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Water temperatures in Clam Bayou ranged from 9.8 to 36.5oC (Figure 18). December 

2010 was a record cold month for the study area and water temperatures stayed low 

throughout the month. From mid-May through August of both wet seasons the water 

temperature remained above 30oC. For the study period, salinity averaged 36.2 ± 2.6 in Clam 

Bayou while it was lower at the Tarpon Bay (32.0 ± 3.3) and Pine Island Sound (32.6± 3.3) 

natural sites (Table 1; Figure 18). Clam Bayou’s mean turbidity of 18.2 ± 3.3 and chlorophyll a of 

16.5± 3.3 were both greater than mean values for Tarpon Bay (6.5± 6.5; 6.2± 3.6) or Pine Island 

Sound (3.4± 6.4; 5.4 ± 3.8) during the study period (Table 1; Figure 19). Dissolved oxygen 

averaged above 5 mg/l for all sites with no anoxic periods recorded by data loggers (Figure 19). 

The best correlation (r = 0.51) of water quality data to total oyster density data was the 

combination of chlorophyll a, turbidity and salinity (BIOENV; Primer ver. 6.2). This suggests that 

all three parameters are important factors affecting oyster density. In addition, both chlorophyll 

a (ρ = 0.51, p = 0.001) and turbidity (ρ = 0.51, p = 0.001) had significant association with oyster 

density (RELATE, Primer ver. 6.2). 

Xanthid crabs, the ribbed mussel Geukensia, and Cerithidae gastropods were the most 

abundant resident invertebrate species found at constructed reefs in Clam Bayou (Table 2). 

Samples from natural reefs in Clam Bayou were also dominated by mussels and xanthid crabs as 

well as Calyptraeidae slipper shells. The natural reefs in Tarpon Bay and Pine Island Sound were 

dominated by green porcelain (Petrolisthes armatus) and several species of xanthid crabs. 

Significantly greater total invertebrate abundance was evident on the natural reefs in Pine 

Island Sound and Tarpon Bay compared to constructed reefs; however, species diversity indices 

were generally greater at the constructed and natural reefs in Clam Bayou (Table 1). In general, 
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Pine Island Sound and Tarpon Bay natural reefs had high densities of Petrolisthes while 

constructed and natural reefs in Clam Bayou had low abundances.  

For monitoring trays collected after one year, differences were found between 

community composition at the Pine Island Sound and Tarpon Bay natural reef sites and all the 

Clam Bayou constructed sites (ANOSIM, R> 0.5, p ≤ 0.05). In contrast, only two constructed 

reefs (TNC1 and TNC2) were found to differ from the Clam Bayou natural reef. When the 

resident reef species were analyzed, constructed reefs group together while natural reefs in 

Pine Island Sound and Tarpon Bay formed a separate group (MDS ordination of Bray-Curtis 

similarity matrices, Primer Ver. 6.2; Figure 20). Natural reefs in Clam Bayou were more aligned 

with Clam Bayou constructed reefs than with PIS or TB natural reefs (Figure 20). Due to 

inadequate sample size, no significant differences (p > 0.05) could be discerned between 

constructed reefs; however R values were greater than 0.6 for all comparisons of constructed 

reefs to NACo2.  

The best correlation between environmental data and resident community composition 

was found when small oyster density, total oyster density, chlorophyll a and the distance to 

natural oyster reefs were considered (BIOENV, r = 0.735). Of the contributing environmental 

factors, small and total oyster density is the most influential accounting for up to 85% of the 

correlation. By limiting the comparisons to reefs in Clam Bayou (constructed and natural) the 

best correlation between environmental data and invertebrate community composition was 

found using only the environmental variable “total oyster density” (BIOENV, r = 0.677).  

 A strong relationship was found between densities of xanthid crabs and small and total 

oyster density on reefs (Primer, RELATE; ρ = 0.718, p = 0.001; ρ = 0.681, p = 0.001). A similar but 
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not so strong relationship was found between Petrolisthes densities and small and total oyster 

density (Primer, RELATE; ρ = 0.352, p = 0.005; ρ = 0.36, p = 0.001). No relationships were found 

when restricting either of the crab density comparisons to density of large oysters. The 

strongest relationship between xanthid crabs and any combination of environmental variables 

analyzed in this study was the combination of the recruit and total oyster density variables 

(BIOENV, r = 0.753). In Addition, a combination of recruit and total oyster density produced the 

strongest relationship with Petrolisthes crabs (BIOENV, r = 0.445).  

No significant relationship could be found between concentrations of Mytilidae mussels 

and oyster density. Of all possible combinations of the environmental variables analyzed 

concurrently with mussel data, the strongest relationship could be found between mussel 

density and salinity alone (BIOENV; r = 0.315). 

Results from in situ fluorometry by Dr. R. Grizzle showed a significant amount of 

chlorophyll a was removed from the water column over the two constructed reefs sampled 

(TNC1 and TNC2). The initial sampling period in October 2010 (3 months after reef 

construction) showed chlorophyll a removal rates of 15.6% for TNC1 and 13% for TNC2 (Grizzle 

and Ward 2012). The second round of sampling in September 2011 (15 months after 

construction) showed increased removal rates for TNC2 (19.7-44.3%) but there were little 

changes in rates for TNC1 (0.6-13.1%). Using these measured removal percentages, the 

estimated gross individual shellfish clearance rate (oyster/mussel) is from 0.014 to 3.97 

liters/hour (Grizzle and Ward 2012).  These calculated clearance rates (Table 3) compare well 

with predicted rates (0.63-3.49 liters/hour) using models by Riisgard (1988) and Powell et al. 

(1992). The complete report from Grizzle can be found in Appendix I.  
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Seagrass surveys found Halodule wrightii (only) present at 100% coverage for all 

quadrats surveyed adjacent to constructed reefs TNC1 and TNC2. Average fouling intensity was 

moderate to heavy with substrates being classified as sandy mud. Shoot densities ranged from 

2800 to 4800 shoots/m2. Canopy height ranged from 10 to 18 cm. A re-survey of randomly 

selected points originally surveyed for a study of Clam Bayou resources from 2003-2006 

(Milbrandt, unpublished) was also completed for this study. There was no seagrass present (0% 

average cover) at any of the 20 points surveyed in August 2011. Surveys at the same points had 

overall average of 2.6% coverage in 2003 and 2.1% coverage in 2006.  

Discussion 

 Oyster reefs provide ecosystem services such as improvement of water clarity, benthic-

pelagic coupling (reduction of nutrients in water column) and structure for filter feeders such as 

mussels along with its habitat value for countless other reef residents (Coen et al. 2007).  

Proposed performance targets to determine the structural and functional success of this oyster 

restoration project (Coen et al., TNC monitoring plan) included construction of at least 400 

square meters of new oyster reef in areas previously lacking oyster habitat, an oyster 

recruitment rate of at least 50 oysters/m2-yr on the new reefs, a positive oyster growth rate, 

evidence that the constructed reefs have resident communities comparable to natural reefs 

with at least 10 species of fish and invertebrates,  and a positive influence on adjacent 

seagrasses and water quality. Structural objectives of this project were met with the 

construction of three living oyster reefs totaling over 630m2(plus 2 additional reefs totaling 

140m2 funded by the concurrent NACo grant). Additionally, functional success of this project 

was verified by first year live oyster recruitment which averaged 220 oysters/m2 (target was 50 
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oysters/m2-yr), an average mean size increase of 38% (positive growth) between the 8 month 

and 1 year sampling periods, an average of greater than 16 resident species found on each reef 

(target 10 species), a quantifiable decrease in chlorophyll a from the water column above 

constructed reefs and an adjacent seagrass coverage of 100 % at our study sites (Table 4).  

Also supporting the functional success of the constructed reefs was the development of 

a resident faunal community which had higher average Shannon biodiversity indices than the 

natural reefs sampled in Clam Bayou, Tarpon Bay and Pine Island Sound (though total 

abundance of resident fauna was much lower). Additionally, the dominant species present on 

the constructed reefs were similar to species dominating natural reefs in this area and other 

study sites. In further support, after one year, none of the constructed reefs were partially 

buried due to sedimentation and all had large oysters present. 

An equally important gage of success for this project is the findings from the post-

construction monitoring. The findings presented here will be a valuable addition to 

understanding the benefits of oyster restoration efforts in subtropical ecosystems and the 

considerations which need to be addressed in future projects in the region.  

Size frequency histograms showed living oyster reefs were colonizing at all constructed 

reef sites, although at different rates. When compared to existing natural reefs in Clam Bayou 

the density of oyster recruitment was less on constructed reefs after one year, but showed 

positive recruitment and growth at each sampling period (8 months and 1 year). Mean live 

oyster density after one year (220 oysters/m2) compares favorably with other constructed reef 

projects. Constructed reefs at three sites monitored by Gregalis et al. (2008) in Mobile Bay, 

Alabama had densities of 40 – 220 oysters/m2 after 2.5 years while constructed reefs in Naples 
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Bay had 80-600 oysters/m2 after 1.5 years (Savarese et al. 2007). Continued monitoring of the 

constructed reefs in this project will further support the long term success of reef restoration in 

Clam Bayou. Additional monitoring is planned for August 2012. It is interesting to note that 

after only one year, market sized oysters (>70 cm) were already present at two of the 

constructed reef sites (TNC2 and NACo2). However, Clam Bayou and Sanibel near shore waters 

are currently closed to commercial and recreational shellfish harvesting. 

When plotted, the oyster size frequencies at one year were near normally distributed at 

our constructed sites (Figure 14). Hadley et al. (2010) found right skewed size distribution for 

oysters on their constructed reefs after one year. Size distribution plots for natural reefs 

monitored in Tarpon Bay and Pine Island Sound were also right skewed. After one year, oyster 

size distribution on natural reefs in Clam Bayou was near normal much like the constructed 

reefs, but with higher densities. This suggests that new oyster (2ndseason) recruitment at the 

time of sampling (August) was poor at the Clam Bayou sites. This may be partially characteristic 

of when the samples were collected, since peak recruitment usually occurs during and just after 

the dates when monitoring units were retrieved.  

Low rates of new (2nd season) recruitment may also be reflective of cyclic effects of 

disease on existing oysters (Craig et al. 1989). Other researchers have found that the density of 

living oysters on reefs in SW Florida exhibit annual and extra-annual cyclic fluctuations due to 

changes in salinity, water temperatures, oyster disease (Perkinsus marinus)and predator 

concentrations (Soniat et al. 2009; Soniat et al. 2006; Volety et al. 2009; Volety et al. 2003; 

Tolley et al. 2005). The low densities of small oysters (2nd season recruits) on Clam Bayou reefs 

after 1 year of development and the observed oyster population declines at all sites between 
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April and August 2011 (Table 1; Figure 21) are evidence of this cyclic pattern common to oyster 

diseases. 

Previous studies have shown the prevalence and intensity of the parasitic oyster disease 

Perkinsus marinus follows a season pattern in the southeast US (Bobo et al. 1997; Burrell et al. 

1984; Craig et al. 1989; Crosby and Roberts 1990; O’Beirn 1994, 1996; Quick and Mackin 1971). 

Infection rates increases in the spring followed by peak levels in late summer and infection 

levels decreasing during the winter months. Prevalence may remain high throughout the year 

however intensity fluctuates with seasonal changes. A four phase cycle of Perkinsus infection 

has been described by others (Bobo et al. 1997; Crosby and Roberts 1990). Phase 1 is the 

quiescent period typically February through April when low mean intensity levels occur. During 

phase 2, May through July, a dramatic increase in intensity is observed. Phase 3 is seen August 

through October when peak intensities occur and most oysters are infected. Finally, between 

November and January, Perkinsus intensity decreases. The increase in Perkinsus prevalence and 

intensity seen during phase 2 and 3 is related to warmer water temperatures and higher 

salinities (Soniat et al. 2009; Goodman et al. 2011; Crosby and Roberts 1990).  

The peak recruit settlement for oysters in the Gulf of Mexico occurs between July and 

September (Hayes and Menzel 1981: Goodman et al. 2011), although some oysters spawn 

throughout the year. Deployment of motoring units was timed to collect the peak recruitment 

in 2010. Live oysters in the recruitment units after 8 months were first-year class oysters. A 

record cold period in December 2010 brought on by La Nina conditions (NOAA 2012) may have 

brought water temperatures low enough to prohibit and/or eliminate Perkinsus during the 

colder months, allowing the 2010 recruits to grow rapidly during this period. Precipitation 
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during the dry season of 2010-2011 was also above average, with lower salinities and likely 

resulting in lower Perkinsus intensity, although Perkinsus was not monitored as part of this 

study. Rapid oyster growth on constructed reefs is apparent in size density plots for April 2011 

(8 month deployment), especially at TNC2 and NACo2 reefs. However significant mortality of 

the first season recruits occurred between April 2011 and August 2011 (Figure 21, Table 1). 

Salinities at all sites increased from the end of the 2010-2011 dry season until mid-July  2011 

(Figure 18) and remained high relative to Gulf of Mexico mean salinities (34.1; SCCF 2012). Due 

to low rainfall amounts April through July 2011 and drought conditions in the region, flows from 

the Caloosahatchee River were eliminated to the estuary at structure S79, causing even higher 

salinity in the study area. Water temperatures in Clam Bayou (and Pine Island Sound) were 

above 30 by mid-May 2011 and remained there through August 2011.  

It is likely that the high salinity and warm water conditions from April through July 2011 

encouraged Perkinsus to proliferate during the peak infection season, resulting in the oyster 

mortality recorded at all sites during this period (Table 1). Perkinsus monitoring performed by 

others at natural reef sites in nearby Pine Island Sound and Tarpon Bay showed 66-80 % of the 

oysters were infected with Perkinsus at high mean prevalence values (Volety et al. 2010; UNO 

Research Foundation 2012).  

Salinities and water temperatures between April 2010 and August 2011 were higher at 

our constructed reef sites in Clam Bayou (compared to Pine Island Sound) suggesting Perkinsus 

could be more prevalent there accounting for the higher mortality rates at TNC1 and TNC2 

compared to natural sites in Pine Island Sound. The intense Perkinsus would have quickly killed 

most new recruits, resulting in low relative abundance of small oysters at Clam Bayou sites in 
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early August 2011. It is probable that the drop in salinity associated with August-October 2011 

rain events (after our monitoring efforts for this report) and freshwater inflows from the 

Caloosahatchee River decreased the prevalence of Perkinsus due to reduced salinity and water 

temperature. The second season of oyster recruitment and further growth of the constructed 

reefs is expected in 2012. Our final sampling effort is scheduled in August 2012 and will provide 

a better understanding of oyster survival dynamics in Clam Bayou.  

 Previous studies were unable to find significant differences in Perkinsus infection 

prevalence between subtidal and intertidal reefs (Bobo et al. 1997; Burrell et al. 1984; O’Beirn 

et al. 1994, 1996). However, it has been suggested that the low intensity of infected oysters in 

South Carolina may be related to the long periods of air exposure resulting from macro-tidal 

regimes (Bobo et al. 1997). Oyster reefs in S. Carolina are subject to large tidal fluctuations and 

spend a significant amount of time exposed to air with large temperature fluctuations. 

Perkinsus may not be able to thrive in this situation even though infection prevalence is high 

(Bobo et al. 1997).   

 Predation may also help explain the high oyster mortality at Clam Bayou constructed 

reefs. Xanthid mud crabs which were present in the constructed reefs are known to consume 

small oysters as wells as resident mussels and small gastropods (McDermott 1960). Crown 

conchs (Melongena corona) were common in the sampling trays and it has been demonstrated 

that they exhibit greater growth rates when fed oysters compared to mussels (Bowling 1994). 

We also found sheepshead (Archosargus probatocephalus) in the sampling trays suggesting that 

fish predation could also be important. Fishes were excluded from the multivariate analysis 

because the sampling tray method was determined not to be comparable to lift nets or other 
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gear types and would likely underestimate fish abundances. However, there were no caging 

studies conducted to measure predation rates and the relationship to oyster mortality in this 

study, but it is recommended for future oyster restoration projects in the region.  

There are many site selection parameters that are important to the long-term success of 

oyster restoration projects including; substrate, salinity, recruitment history, disease, proximity 

to oysters, food quantity (chlorophyll a) and quality, reef elevation, size, height above 

substrate, and water quality among others (Coen and Luckenbach 2000; Coen et al. 2007; 

Lenihan and Peterson 1998; Wilbur 1992; Tolley and Volety 2005; Coen et al. 1999; Grizzle et al. 

2006). In this study we were able to evaluate reef elevation, proximity to existing oyster reefs, 

height above substrate, salinity, chlorophyll a, reef size, and a variety of other water quality 

parameters. Analysis of monitoring results for this project showed a significant relationship 

between constructed reef oyster density and proximity to existing reefs. Reef NACo2 was built 

very close to an existing live reef and several live shell clusters were moved prior to bag 

deployment. This site had the highest oyster density after one year. Reef TNC2 was also very 

near existing natural oyster reefs and had higher oyster density than other constructed reefs. 

There was significantly greater oyster density on monitoring trays at existing natural reefs in 

Clam Bayou. These findings support the conclusion that oyster restoration projects will have 

greater oyster densities and recruitment when they are sited nearby an existing natural reef. In 

a water body such as Clam Bayou with limited substrate and hydraulic exchange, it becomes 

especially important that constructed reefs lie within the flow path of existing oysters to 

acquire new recruits.  
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All reefs constructed in this project were located in the intertidal zone of Clam Bayou. A 

significant relationship was found between mean reef elevation and oyster density with lower 

reefs having greater densities after 1 year than the higher reefs. Volety et al. (2000) found that 

Chesapeake Bay oysters at depths greater than 90 cm mean low water (MLW) grew more 

quickly but had higher prevalence and intensity of Perkinsus than oysters at depths less than 45 

cm MLW. All of the constructed reefs in Clam Bayou were at elevations greater than or equal to 

45 cm MLW, suggesting Perkinsus prevalence should be lower than if they were located lower 

in the intertidal zone. Lenihan and Micheli (1999) suggested reefs in low flow conditions are 

more susceptible to Perkinsus due to a reduced physiological condition brought on by lower 

food quality or quantity. Due to tidal fluctuations, intertidal constructed reefs located at higher 

elevations would be expected to have less time to filter feed resulting in oysters with lower 

health condition and susceptibility to Perkinsus. In Clam Bayou, all constructed reefs except 

TNC3 experienced high mortality rates between April and August. TNC3 was the greatest 

distance from existing natural oyster reefs, and had the lowest oyster density at 8 months. 

TNC3 was located adjacent to the main flow channel in Clam Bayou. The greater distance from 

likely “infected” natural oyster reefs and the low density of oysters on TNC3 coupled with the 

relative high-flow condition likely left TNC-3 less vulnerable to initial infection and in better 

physiological condition. In addition, TNC 3 was placed at a higher elevation relative to most of 

the other constructed reefs in Clam Bayou (Table 1). This may subject the oysters there to 

greater periods of air exposure times during low tides. As suggested by Bobo et al. (1997), 

longer air exposure times during low tides may subject oysters to relatively higher 

temperatures which effectively reduce Perkinsus intensity.  
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In considering locations of constructed reefs, it is important to understand disease 

status and cycles in nearby oyster communities (Volety et al. 2000). Although locations near 

existing natural oyster reefs may develop higher relative densities of oysters in less time, they 

seem to be more susceptible to infection from disease. Detrimental responses to disease may 

be mitigated by factors such as quantity and quality of food (better health) in locations with 

higher flow rates, and lower reef oyster densities. 

If the high summer mortality experienced at our constructed reefs was indeed caused 

by Perkinsus, previous studies suggest that reefs with greater relief (height in the water 

column) should have lower mortalities and higher densities (Lenihan and Peterson 1998) due to 

increased flow rates and better physiological condition. However, no relationship could be 

found between the relief (height above bottom) of our constructed reefs and oyster density or 

mortality rates between April 2010 and August 2010. 

Even though our constructed reefs experienced high mortality rates in the summer 

months, the rapid growth rate of the oysters within the first year suggests there is adequate 

food in Clam Bayou. Chlorophyll a is an indicator of food quantity, and concentrations in Clam 

Bayou were significantly greater than in Tarpon Bay or Pine Island Sound where oyster densities 

were significantly greater. In fact, the removal of seston and associated nutrients and turbidity 

is one of the long term ecosystem services often cited as a benefactor of oyster restoration 

projects (Coen et al. 2007; Grabowski and Peterson 2007). The work by Grizzle et al. for this 

project demonstrated that within three months after reef construction was completed 

chlorophyll a removal over the constructed reefs was 13-15% (See Appendix I). The initial 

sampling was done in October 2010, after the normal seasonal peak oyster recruitment for this 
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area (July-September) (Volety et al. 2009; Hayes and Menzel 1981). Therefore, it is logical that 

constructed reefs were already growing oysters in significant enough quantities to affect water 

quality. Comparing the initial in situ fluorometry survey results from October 2010 to results 

from the second survey done in September 2011, a significant increase in chlorophyll a removal 

was noticed at TNC2 but not at TNC1. Perkinsus marinus intensity in the Pine Island Sound and 

Tarpon Bay was high during the warm dry period from April through July 2011 (Volety et al., 

UNO website) and is therefore inferred as being high in Clam Bayou. High oyster mortality was 

observed in the sampling units between April 2011 and August 2011. During late September 

2011 (fluorometry sampling), peak oyster recruitment was nearly complete and the rains of 

August and September may have slowed the spread of Perkinsus to new oyster recruits 

allowing them to grow. TNC2 showed significantly greater recruitment than TNC1 between 

August 2010 and April 2011, likely related to its location near existing natural reefs. During 

fluorometric sampling in September 2011, TNC2 in all probability had significantly higher 

densities of new oysters than TNC1 (observed in April 2011). The density of oysters on TNC1 

may not have been much greater in September 2011 than during fluorometric sampling in 

October 2010, due to Perkinsus-induced mortality.  This partially explains the finding of 

significantly greater removal over TNC2, yet no change in removal percentage over TNC1. 

Another possibility is variability oysters filtering activity over the sampling period. Dame et al. 

(1989) found that oysters take up particulate matter at different rates related to tide direction 

and flow rate over the reef, with a net uptake of organic particulate during flood tide and a net 

release of dissolved nitrogen on ebb tides. Regardless of the mechanisms, the fluorometry 
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studies show that the constructed reefs are removing seston from the water column above the 

reefs, and thus are improving surrounding water quality.  

Benthic vegetation surveys conducted in August 2011 indicated that overall submerged 

aquatic vegetation coverage is sparse throughout Clam Bayou; however, adjacent to the 

constructed reef sites, SAV coverage was 100% (H. wrightii) with heavy fouling present. 

Modeling by Newel and Koch (2004) predicted that even modest densities of oysters reduce 

suspended sediment concentrations by nearly and order of magnitude. Newel at al. (2005) 

explained that oysters enhance net ecosystem loss of nitrogen and phosphorus through 

sediment burial and bacterially-mediated denitrification as well as reducing turbidity and 

increasing water column light availability. Peterson and Heck (2001) demonstrated that 

suspension feeding mussels such as the Guekensia found in abundance on our constructed 

reefs, increased the sediment nutrient content and that the nutrients were readily available to 

seagrasses. It is believed that in Clam Bayou, natural oyster reefs have helped to improve water 

quality and promote a nutrient regime favorable to nearby seagrass. If the reefs constructed in 

this project expand and grow, the potential for seagrass expansion within Clam Bayou should 

improve.  

Constructed reefs in Clam Bayou developed resident invertebrate communities similar 

to the natural reefs in Clam Bayou within one year of construction. However the constructed 

reefs (and natural reefs in Clam Bayou) were found to have significantly different resident 

invertebrate community composition than natural reefs in nearby Pine Island Sound and 

Tarpon Bay. This difference was driven by large numbers of Petrolisthes and xanthid crabs and 

few mussels on natural reefs compared to greater abundances of mussels and fewer crabs on 
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the constructed reefs. Tolley et al. (2006) sampled reefs along a salinity gradient in three 

estuaries near this study area. Differences in community composition between sample sites in 

Tolley et al. (2006) were also driven by Petrolisthes crabs and xanthid crabs. Xanthid crab 

species and Petrolisthes were found to occur in greater abundance at lower estuary sites. In this 

study, Shannon diversity indices scored constructed reefs higher in biodiversity than the natural 

reefs (Table 1) with greater evenness between species. The list of species (Table 2) found on 

constructed reefs in Clam Bayou was similar to species found on natural reefs sampled by lift 

nets in Tarpon Bay (Tolley and Volety 2005). 

Though constructed reefs had fewer numbers of xanthid crabs (6-60 crabs/m2) than 

natural reefs (87-270 crabs/m2), they were still one of the most common inhabitants. Densities 

of xanthids on our constructed reefs were similar to densities found by Tolley and Volety (2005) 

on a natural reef in Tarpon Bay (25-40 crabs/m2, using different sampling techniques). The 

association of xanthid crabs with healthy oyster reefs is well known (McDonald 1982; Day and 

Lawton 1988; Dittel et al. 1996; Tolley and Volety 2005; Tolley at al. 2006) and the 

establishment of xanthid populations can be used as a measure of success for a constructed 

reef (Hadley et al. 2009; Coen et al. 2007). The strong association of xanthid crab densities with 

total live oyster density in this study is similar to other studies (Hadley et al. 2010, Tolley et al. 

2006; Tolley and Volety 2005). Meyer and Townsend (2000) found that one of the most 

common xanthids found on our reefs, Eurypanopeus depressus, did not colonize constructed 

reefs until new oyster clusters had developed. Tolley and Volety (2005) found that the 

association of decapod crabs is less dependent on live oysters than the three dimensional 

structure characteristic of oyster reefs. The placement of fossil oyster shell without oyster spat 
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recruitment will likely attract these reef residents initially. However the three dimensional 

characteristics of the reef will eventually disintegrate (sedimentation, shell dispersal) without 

live oysters to maintain and build the reef. To be sustainable, a constructed reef must develop 

adequate live oyster density along to support a diverse resident reef community. 

The crab Petrolisthes armatus was found in low numbers on Clam Bayou constructed 

(and natural) reefs compared to the large densities (1000-2700 crabs/m2) on natural reefs in 

Tarpon Bay and Pine Island Sound. Using different sampling methodology, others have found 

significant numbers (30-40 crabs/m2) of these (presumably) non-native crabs from South 

America on reefs in the region (Tolley and Volety 2005; Tolley et al. 2006). Hadley et al. (2009) 

also found Petrolisthes in great abundance (100-700 crabs/m2) on 3-year old constructed reefs 

in South Carolina. RELATE and BIOENV analyses from this study suggest an association between 

oyster density (especially small oysters) and Petrolisthes. Hadley et al. (2010) obtained similar 

results in the study from South Carolina.  It is not known whether the ecological role of this 

filter feeding invasive species is beneficial or detrimental to oyster reefs and oyster restoration 

projects.  

Mussel (Mytilidae) populations are also viewed as beneficial due to their capacity for 

water filtering in the absence of high densities of oysters (Gregalis et al. 2008). Constructed and 

natural reef samples in Clam Bayou had greater numbers of mussels than natural reef samples 

in Tarpon Bay or Pine Island Sound. This difference may be related to a variety of factors 

including exposure duration at low tide and water quality differences. The BIOENV function 

suggested the best explanation was influence by a combination of chlorophyll a concentration 

and salinity, both being greater in Clam Bayou. However due to Geukensia’s reported tolerance 
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of large salinity fluctuations, it is more likely that a combination of factors not measured in this 

study accounted for the low numbers in Pine Island Sound compared to Clam Bayou.  

Conclusions 

 The analysis of monitoring data collected during this project show initial restoration 

targets were met and the constructed reefs can be termed a short-term success. After one 

year, all constructed reefs showed active recruitment and growth of new oysters. The target 

recruitment rate of 50 oysters/m2-yr. was exceeded at all reefs. The target of at least ten 

species present in the resident invertebrate community was exceeded at all reefs. The target 

total reef area of 400 m2 was exceeded with a total of over 750 m2 of new reef constructed 

between two funded projects. Resident community structure on the constructed reefs was 

similar to natural reefs in the same area. In situ fluorometry demonstrated that constructed 

reefs removed a significant portion of the chlorophyll from water passing over them (see 

Appendix I). Seagrass beds adjacent to the constructed reefs had 100% coverage and high shoot 

densities. 

 Although the initial monitoring suggests the constructed reefs will be successful as 

defined by our metrics, long term monitoring will be needed (and utilized) to determine the 

eventual fate of these reefs. Monitoring to date suggests the constructed reefs become 

significantly affected by cyclic disease such as Perkinsus during the summer months and salinity 

patterns in Clam Bayou may favor continued prevalence of the disease. Disease (or other factor 

such as heavy oyster predation) may ultimately limit the potential benefits of these reefs. 

Further study will be needed to answer this question.  
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 Findings in this study support the concept that constructed or restored oyster reefs 

located in a suitable environment will develop into functioning communities which provide 

numerous ecosystem services including habitat for important fauna, improved water quality, 

and improved nutrient cycling. These results will add to the available knowledge of oyster reef 

restoration the Southeastern United States. Though many restoration projects are in place, few 

have reported extensive monitoring results.  

Additional Monitoring and Maintenance Activities Beyond the Project Award (2012- ) 

Signs were designed in-house and placed at each of the five (2 NACo, 3 TNC) reef sites to 

mark the restoration sites and to deter trampling by visitors (Figure 22). The signs provide a 

continuous public announcement of the restoration efforts and list the project partners.  

To more thoroughly evaluate the change in constructive reef metrics over time and 

compare to other restoration efforts, we plan to collect the remaining monitoring trays 2-years 

post-construction (Aug 2012). The same parameters will be measured and will contribute to a 

journal article on subtropical oyster reef restoration in SW Florida. While there are no 

dedicated funds or projects pending, there is additional permitted acreage within Clam Bayou 

for future reef construction projects.  

Community Involvement 

 We’ve generated much interest in SCCF, Clam Bayou and it’s restoration during the 

project. This was accomplished through volunteer events, SCCF Newsletters, Annual Reports, 

Eblasts, pamphlets for mangroves and oysters, and newspaper articles (over 50; Figure 23), and 

word of mouth (Table 7). We have hosted a variety of school groups, Sanibel and Captiva 

residents, and vacationers who have signed up and participated in volunteer events. A 
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summary table of the types and variety of groups, numbers of participants, and 

accomplishments from the start of the project beginning in Sept. 2009 is provided below. 

 SCCF hosted an open house in February each year for children. A variety of identified 

fossil shells (J. Leal, Shell Museum), shell bags, and oyster restoration handouts were provided 

to our visitors (Figure 23). There were live marine animals on display and a variety of activities 

including a nature sounds contest.   

A Making a Difference Day (National Day of Doing Good) sponsored by the Hands On 

Network was October 23, 2010.  Volunteers were scheduled for a restoration event that day 

and the Marine Laboratory registered for the event. We presented brochures at the Edison 

State Community College weeklong “Ocean Commotion” and presented the Clam Bayou 

restoration project to 50 to 75 people.  Photos of these events will be provided to TNC/NOAA in 

the form of a DVD along with other project pictures. 
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Table 1. Monitoring values for constructed reef performance metrics used during this study for 
all reefs including natural reefs monitored for comparison purposes 

 

 

 

 

 

 

 

 

 

 

 

 

  

Oyster Metrics 8 mo. 1 yr. 8 mo. 1 yr. 8 mo. 1 yr. 8 mo. 1 yr. 8 mo. 1 yr. 8 mo. 1 yr. 8 mo. 1 yr. 8 mo. 1 yr. 8 mo. 1 yr.

Total Density (oysters/m2) 206 95 630 125 154 299 330 173 161 101 913 479 2063 1288 3778 2678 12844 8385
Oysters ≤ 20 mm (oysters/m2) 32 21 118 3 8 27 53 17 40 0 222 40 389 176 1868 1529 10489 5103
Oysters ≥ 60 mm (oysters/m2) 0 3 0 16 0 3 0 7 0 8 14 104 45 56 85 38 0 8
Mean Oyster Size (mm) 29.9 36.9 30 44 33.5 37.1 31.1 39.3 27.5 45.8 29.4 42.6 32 37.1 24.7 23 15.2 19.5
4 Month Growth Rate (mm/day) 0.07 0.14 0.04 0.1 0.15 0.11 0.05 0 0.04
Mortality Rate %  (April-July) 54 80 -95 13.0 38 47 38 29 35
Reef Size (m2) 134.7 134.7 192 242 112.4 260 146.4 212.2 86.1 86.1 56.2 56.2 337 337 211 211 424 424
Reef Elevation Relative MSL (m) -0.399 -0.399 -0.391 -0.391 -0.419 -0.419 -0.4 -0.4 -0.435 -0.435 -0.480 -0.480
Elevation Above Sediment (m) 0.057 0.116 0.092 0.1 0.039 0.039 0.076 0.076
Distance to Existing Oysters (m) 150 150 50 50 150 150 116.7 116.7 122 122 10 10 0 0 0 0 0 0

Resident Invertebrates
Shannon Diveristy 1.941 1.561 1.849 1.8 2.079 2.078 1.54 1.54 1.08
Species Richness 15 15 11 13.7 19 21 22 18 15
Total Abundance (m2) 2554 4232 1633 2806 4696 5146 9340 14134 19002
Crabs/m2

Xanthidae 30 18 32 6 7 45 23 23 46 12 45 57 111 87 286 222 248 269
Petrolisthes armatus 0 0 0 0 0 18 0 6 16 0 26 8 24 40 381 1024 503 2715

Mussels/m2 6 6 222 41 25 49 84 32 135 38 66 226 413 333 0 0 0 6
Number of tray (reef) samples (n) 3 3 6 3 3 3 4 3 3 3 3 3 5 5 4 4 3 3

Mean Water Quality
Salinity 36.2 36.2 36.2 36.2 36.2 36.2 36.2 32 32.6

Turbidity 18.2 18.2 18.2 18.2 18.2 18.2 18.2 6.5 3.4
DO 5.57 5.57 5.57 5.6 5.57 5.57 5.57 5.7 6.69

Chlorophyll_a 16.5 16.5 16.5 16.5 16.5 16.5 16.5 6.2 5.4

TBNat PISNatTNC1 TNC2 TNC3 NaCo1 NaCo2 CBNatTNC Average
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Table 2. Dominant resident community species found in each of the constructed and natural 
reefs surveyed in this study after 1 year of tray deployment. The percentage of total abundance 
is shown for each species. 

 

 

 

  

Cerithium atratum 31.9 Geukensia granosissima 54.0 Geukensia granosissima 32.0 Batillaria minima 31.1 Geukensia granosissima 40.2
Cerithium muscarum 24.5 Cerithium muscarum 20.5 Panopeus simpsoni 21.7 Geukensia granosissima 26.1 Eurypanopeus depressus 18.7

Eurypanopeus depressus 13.2 Eurypanopeus depressus 6.5 Eurypanopeus depressus 21.1 Eurypanopeus depressus 11.2 Alpheus heterochaelis 6.0
Panopeus simpsoni 9.5 Batillaria minima 4.6 Crepidula atrasolea 5.1 Cerithium muscarum 6.4 Marphysa sanguinea 5.1

Marphysa sanguinea 6.2 Xanthidae 3.1 Cerithium muscarum 4.6 Marphysa sanguinea 4.6 Mytilopsis leucophaeata 4.9
Hexapanopeus angustifrons 4.0 Mytilopsis leucophaeata 2.7 Marphysa sanguinea 4.6 Panopeus simpsoni 4.2 Panopeus simpsoni 4.9

Geukensia granosissima 3.3 Panopeus simpsoni 2.4 Petrolisthes armatus 4.0 Alpheus heterochaelis 3.4 Crepidula atrasolea 3.8
Crepidula atrasolea 2.2 Hexapanopeus angustifrons 2.1 Melampus coffeus 3.4 Mytilopsis leucophaeata 3.2 Xanthidae 3.3

Alpheus heterochaelis 1.5 Melongena corona 1.0 Xanthidae 2.3 Crepidula atrasolea 2.4 Opsanus beta 3.1
Crepidula depressa 1.5 Cerithium atratum 0.7 Cerithium atratum 0.6 Hexapanopeus angustifrons 1.4 Cerithium muscarum 2.7

Nassarius vibex 0.7 Marphysa sanguinea 0.7 Melongena corona 0.6 Melampus coffeus 1.2 Petrolisthes armatus 2.4
Angulus tampaensis 0.4 Crepidula atrasolea 0.6 Alpheus heterochaelis 0.0 Petrolisthes armatus 1.2 Hexapanopeus angustifrons 1.1
Melampus coffeus 0.4 Melampus coffeus 0.6 Anadara floridana 0.0 Cerithium atratum 1.0 Melongena corona 1.1

Opsanus beta 0.4 Anomalocardia cuneimeris 0.4 Angulus tampaensis 0.0 Melongena corona 0.8 Anadara floridana 0.5
Rhithropanopeus harrisii 0.4 Alpheus heterochaelis 0.1 Anomalocardia cuneimeris 0.0 Xanthidae 0.8 Holothuridae 0.5

TNC1 TNC2 TNC-3 NACO-1 NACO-2

Geukensia granosissima 56.2 Petrolisthes armatus 59.8 Eurypanopeus depressus 38.7
Eurypanopeus depressus 20.5 Eurypanopeus depressus 26.5 Petrolisthes armatus 35.1

Xanthidae 4.6 Xanthidae 9.9 Xanthidae 9.8
Panopeus simpsoni 4.1 Panopeus simpsoni 2.0 Gemophos tinctus 8.5

Mytilopsis leucophaeata 3.0 Gemophos tinctus 0.5 Alpheus heterochaelis 2.1
Alpheus heterochaelis 2.5 Opsanus beta 0.3 Panopeus simpsoni 2.0
Petrolisthes armatus 2.4 Crepidula depressa 0.2 Cerithium muscarum 1.2
Marphysa sanguinea 2.0 Geukensia granosissima 0.2 Crepidula atrasolea 0.5

Opsanus beta 0.7 Alpheus heterochaelis 0.1 Opsanus beta 0.4
Crepidula atrasolea 0.6 Batillaria minima 0.1 Hexapanopeus angustifrons 0.4

Hexapanopeus angustifrons 0.6 Cerithium muscarum 0.1 Crepidula depressa 0.3
Cerithium muscarum 0.5 Hexapanopeus angustifrons 0.1 Marphysa sanguinea 0.2
Crepidula depressa 0.5 Crepidula atrasolea 0.0 Urosalpinx perrugata 0.2
Gemophos tinctus 0.5 Melongena corona 0.0 Geukensia granosissima 0.2
Melongena corona 0.4 Pagurus annulipes 0.0 Naineris sp. 0.1

Natural_PIS Natural_TBNatural_CB
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Table 3. Results from in situ fluorometric surveys at constructed oyster reefs TNC1 and TNC2. 

 
1from Riisgard (1988) 
2from Powell et al. (1992) 
3from Grizzle (2002) 
*Density weighted mean based on the density of Crassostrea virginica and Geukensia 
granosissima 
  

Date Reef Bivalve Type

Mean 
Bivalve 

Density/m2

Mean 
Bivalve Size 

(mm)

Calculated 
Mean Dry 

Wt (g)

Reef 
Surface 

Area (m2)

Mean Water 
Cross Section 

Over Reef (m2)

Mean 
Water 

Depth (cm)

Water Flow 
Length Across 

Reef (m)

Mean Water 
Flow Speed 

(cm/s)

Mean Water 
Flow Across 

Reef (m3/hr)
10/16/2010 TNC1 C. virginica 79 0.6 12 15 1.5 34
10/19/2010 TNC2 C. virginica 76 1.2 25 16.5 2 83
9/27/2011 TNC1 C. virginica 95.3 36.9 0.07617272 79 0.5 10 16.9 2.5 42
9/27/2011 TNC1 G. demissa 6.4 19.1 0.045 79 0.5 10 16.9 2.5 42
9/27/2011 TNC1 Total 101.7 79 0.5 10 16.9 2.5 42
9/28/2011 TNC1 C. virginica 95.3 36.9 0.07617272 79 0.5 10 15.3 1 19
9/28/2011 TNC1 G. demissa 6.4 19.1 0.045 79 0.5 10 15.3 1 19
9/28/2011 TNC1 Total 101.7 79 0.5 10 15.3 1 19
9/27/2011 TNC2 C. virginica 124.6 44 0.11164798 76 1 20 14.5 3 113
9/27/2011 TNC2 G. demissa 41.3 18.7 0.044 76 1 20 14.5 3 113
9/27/2011 TNC2 Total 165.9 76 1 20 14.5 3 113
9/28/2011 TNC2 C. virginica 124.6 44 0.11164798 76 1 20 14.5 3 113
9/28/2011 TNC2 G. demissa 41.3 18.7 0.044 76 1 20 14.5 3 113
9/28/2011 TNC2 Total 165.9 76 1 20 14.5 3 113

Date Reef
Bivalve 

Type

Measured 
Mean Chla 
Removal 

(%Cleared)

Calculated 
Mean Indv. 
Clearance 

(L/hr)3

Predicted 
Mean Indv. 
Clearance 

(L/hr)1

Pred. Ind. 
Clearance 

"LOW 
GEAR" 
(L/hr)2

Pred. Ind. 
Clearance 

"HIGH GEAR" 
(L/hr)2

10/16/2010 TNC1 C. virginica 15.6
10/19/2010 TNC2 C. virginica 13
9/27/2011 TNC1 C. virginica 1.036804571 0.66 3.39
9/27/2011 TNC1 G. demissa 0.468858185 0.24 1.15
9/27/2011 TNC1 Total 13.1 0.684 1* 0.63* 3.25*
9/28/2011 TNC1 C. virginica 1.036804571 0.66 3.39
9/28/2011 TNC1 G. demissa 0.468858185 0.24 1.15
9/28/2011 TNC1 Total 0.6 0.014 1* 0.63* 3.25*
9/27/2011 TNC2 C. virginica 1.370271564 0.86 4.29
9/27/2011 TNC2 G. demissa 0.460193878 0.24 1.1
9/27/2011 TNC2 Total 19.7 1.77 1.144* 0.71* 3.49*
9/28/2011 TNC2 C. virginica 1.370271564 0.86 4.29
9/28/2011 TNC2 G. demissa 0.460193878 0.24 1.1

9/28/2011 TNC2 Total 44.3 3.97 1.144* 0.71* 3.49*

   
     
    



44 
 

Table 4. Reef success assessment showing measured values of metrics used to judge success of 
individual reefs and overall project. The project met many of our restoration goals and was 
considered a success. 

 

*cover was 100%, so there was no ‘increase’ in cover above 100% 
1there were no seagrasses adjacent to TNC3 because there is a deep channel adjacent to the 
reef 
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Table 5. Summary of YSI WQ Data Clam Bayou 2010-2011. 

 
  

Parameter 
Aug 2010 - Aug 2011 

Daily Mean Stdev Range n 
Turbidity 18.2 7.5 6 - 44.1 171 

Temperature 25.5 5.8 11.9 - 33.7 171 
DO (mg/l) 5.6 1.1 2.5 - 8.1 171 
DO %Sat. 83.0 14.2 37-142 171 
Salinity 36.2 2.6 30.7 - 41.0 171 

pH 8.1 0.1 7.7 - 8.4 171 
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Table 6. Mean reef resident density by site 1 year post-construction 

 
 

  

Species TNC-1 TNC-2 TNC-3 NACO-1 NACO-2 Natural_CB Natural_PIS Natural_TB
Alpheus heterochaelis 5.0 0.8 0.0 21.2 41.2 30.7 3.7 39.3

Anadara floridana 0.0 0.0 0.0 0.0 3.7 0.7 0.0 0.9
Angulus tampaensis 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Anomalocardia cuneimeris 0.0 2.5 0.0 0.0 0.0 0.7 0.0 0.0
Batillaria minima 0.0 25.8 0.0 194.7 1.2 0.0 2.5 0.9

Cerithium atratum 108.6 4.2 1.2 6.2 1.2 0.0 0.0 0.0
Cerithium muscarum 83.6 115.7 10.0 39.9 18.7 6.7 2.5 22.5
Crepidula atrasolea 7.5 3.3 11.2 15.0 26.2 7.5 1.2 9.4
Crepidula depressa 5.0 0.0 0.0 0.0 1.2 6.7 5.0 6.6

Eupolymnia sp. 0.0 0.0 0.0 1.2 0.0 0.0 0.0 0.0
Eurypanopeus depressus 44.9 36.6 46.2 69.9 128.6 256.2 671.6 730.3

Gemophos tinctus 0.0 0.0 0.0 0.0 0.0 6.7 12.5 161.0
Geukensia granosissima 11.2 305.4 69.9 163.5 275.9 701.1 5.0 3.7

Hexapanopeus angustifrons 13.7 11.7 0.0 8.7 7.5 7.5 2.5 7.5
Holothuridae 0.0 0.0 0.0 0.0 3.7 0.0 0.0 0.0

Ischadium recurvum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9
Leptosynapta sp. 0.0 0.0 0.0 0.0 2.5 0.0 0.0 0.0
Littorina irrorata 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.0

Marphysa sanguinea 21.2 4.2 10.0 28.7 35.0 24.7 0.0 4.7
Melampus coffeus 1.2 3.3 7.5 7.5 2.5 1.5 0.0 0.0
Melongena corona 0.0 5.8 1.2 5.0 7.5 4.5 1.2 0.0

Menippe mercenaria 0.0 0.0 0.0 0.0 0.0 3.7 0.0 0.0
Mytilopsis leucophaeata 0.0 15.0 0.0 20.0 33.7 37.5 0.0 0.0

Naineris sp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.9
Nassarius vibex 2.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Opsanus beta 1.2 0.0 0.0 2.5 21.2 8.2 8.7 8.4

Pagurus annulipes 0.0 0.0 0.0 0.0 0.0 0.0 1.2 0.0
Panopeus simpsoni 32.5 13.3 47.4 26.2 33.7 51.7 49.9 37.5

Petrolisthes armatus 0.0 0.0 8.7 7.5 16.2 30.0 1518.0 662.9
Prunum apicinum 0.0 0.0 0.0 2.5 0.0 0.0 0.0 0.0

Rhithropanopeus harrisii 1.2 0.0 0.0 0.0 2.5 1.5 0.0 0.0
Terebella rubra 0.0 0.0 0.0 0.0 0.0 1.5 0.0 0.0

Urosalpinx perrugata 0.0 0.0 0.0 1.2 0.0 0.0 0.0 4.7
Xanthidae 0.0 17.5 5.0 5.0 22.5 56.9 250.9 184.4
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Table 7. Effort table for TNC/NOAA Community-based Restoration and Outreach for the Clam 

Bayou Project 

Date Group/Organization Number of 
Volunteers Activity 

12/12/09 Public  9 Fossil Shell Bagging 

01/28/10 Lexington Middle 
School & Public 57 Fossil Shell Bagging 

02/02/10 Public, Ding Darling and 
CROW 24 Fossil Shell Bagging 

02/08/10 Sanibel Sea School-
PACE  15 Fossil Shell Bagging 

02/09/10 S. Ft. Myers High School  22 Fossil Shell Bagging 

02/16/10 general public 22 Fossil Shell Bagging 

02/20/10 Edison, SWFL SW Aq 
Soc. 30 Fossil Shell Bagging 

02/27/10 Edison and 4 Sanibel 
School kids  22 Fossil Shell Bagging 

03/13/10 Public and Edison 
College Students 17 Fossil Shell Bagging 

04/13/10 FGCU student 1 Recruitment Tray Prep 
04/15/10 FGCU student 1 Recruitment Tray Prep 

05/19/10 South Fort Myers High 
School 14 Constructing Reefs 

05/22/10 Americorps Service 
Learning and Red Cross 18 Constructing Reefs 

06/05/10 FAEP, FGCU, Edison, 
Public 19 Constructing Reefs 

06/12/10 Public, SCCF interns, FL. 
Gulf Coast Univeristy 11 Constructing Reefs 

06/16/10 
Island Coast H.S. 

Academy of Natural 
Resources 

14 Constructing Reefs 

06/17/10 Edison Oceanography 
Class and public 41 Constructing Reefs 
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Table 7 (cont.). Effort table for TNC/NOAA Community-based Restoration and Outreach for the 

Clam Bayou Project 

        

Date Group/Organization Number of 
Volunteers Activity 

06/24/10 Public and Ding Darling  14 Constructing Reefs 

06/24/10 Public and Ding Darling  14 Constructing Reefs 

07/10/10 General Public 20 Constructing Reefs 
07/28/10 UCC Youth Group 9 Shell Bag Adjustment 
07/29/10 UCC Youth Group 9 Shell Bag Adjustment 
11/05/10 Natural Reef Sampling 1 Collected and Sorted 

11/08/10 Natural Reef Sampling 1 Measured Shell Height  

12/03/10 Public 1 Survey Footprint of 
Constructed Reefs 

04/12/11 Public 2 Recruitment Tray Sorting 

04/18/11 SWFMHS with Steve 
Wilke 5 Recruitment Tray Sorting 

04/19/11 FGCU 1 Sorted and measured oyster 
spat 

04/20/11 J.N. "Ding" Darling 
Interns 2 Sorting and Measure Shell 

Height 

05/17/11 Public and "Ding"  13 Fossil Shell Bagging 

05/31/11 Public and "Ding" 19 Fossil Shell Bagging 

06/01/11 Student 1 Sort and Identify Reef 
Residents 

06/07/11 Public and "Ding" 14 Reef Construction 

06/14/11 Public 3 Reef Construction 

06/21/11 Public 10 Reef Construction 
06/25/11 UCC Youth Group 8 Reef Construction 

06/28/11 Public, Ding Darling and 
Interns 4 Reef Construction 

07/25/11 Interns 1 Collected recruitment trays  
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Outreach Activities (2010-2012) 

• On March 13th, 2010, a Sanibel Island event called, “A Peak at Unique” was held 

by the Zonta International Club, led by Virginia Jones with 500 participants; 

spoke about the progress of the restoration efforts in Clam Bayou.   

• On March 21st, 2010 the City of Cape Coral held “An Evening Under the Sea” at 

the Cape Coral Yacht Club; attended to sign up potential future volunteers and 

educate the public about SCCF and our work on Sanibel and Captiva Islands.  

• The Island Reporter (June 17th, 2010) did a 2 page (photos by Carol Hartman) 

spread on the restoration efforts going on in Clam Bayou.  

• The Island Sun did a one photo quip about restoration activities (June 11th, 

2010). 

• On July 16th, 2010, NBC-2 (Linh Bui) did a story on Clam Bayou’s mangrove 

restoration efforts (1:33 minutes, http://www.nbc-

2.com/Global/story.asp?S=12820754).   

• Several requests for volunteers have been sent to local newspapers, 

organizations, non-profit and civil service groups on the island who aid us in 

advertising efforts in mass e-mailings, monthly newsletters and short quips.  

• Edison State College hosted a weeklong event called, “Ocean Commotion” in 

September 2010; a table displayed information about the Marine Lab as well as 

other functions of the foundation as a whole.  Dr. Milbrandt presented pictures 

and details about Clam Bayou to the students.   

• Dr. Coen hosted a meeting at SCCF in October 2010 with managers and 

researchers from around the U.S. and Europe related to Oyster Restoration 

Metrics. 

• A presentation was made to the Sanibel Rotary Club on October 15th, 2010 about 

Clam Bayou and volunteer opportunities.  
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• The J.N. “Ding” Darling National Wildlife Refuge hosted a family event called, 

“Ding Darling Days”for the week of October 17th through October 23rd, 2010.  

We set-up an informational table for the public including pamphlets and flyers 

advertising restoration events, volunteer sign-up sheets, & current program and 

project information. 

• Greg LeBlanc of Captiva Kayak Co & Wildside Adventures volunteered to add 

new restaurants to the oyster shell recycling program.  

• Lazy Flamingo I and II, Doc Fords of Sanibel, Timbers Restaurant and Fish Market, 

R.C. Otters Island Eats are all participating in the shell recycling. 

• The Marine Lab registered for the “Make a Difference Day: National Day of Doing 

Good” sponsored by the Hands on Network and USA Weekend on October 23rd 

2010. The announcement is at the following website 

(www.daytabank.handsonnetwork.org/event/red-mangrove-community-

restoration). 

• A poster was presented at the Restore America’s Estuary national meeting in 

November 2010 by Dr. Milbrandt in Galveston, TX on the Clam Bayou project.  

• Routine volunteer announcements are given to restaurants, local newspapers 

(Island Sun, The Corridor, News-Press, City of Sanibel) as well as the social 

networking site Facebook.    

• The Marine Lab also created a photo sharing account on Flickr at the following 

website to share with volunteers and give potential volunteers incentive. 

http://www.flickr.com/groups/sanibelcaptivaconservationfoundation/ 

• February 21st 2011, The Sanibel-Captiva Conservation Foundation hosted an 

“Open House”  

• QR codes are added to all pamphlets and brochures that direct iphone and droid 

phone scans to our website 

• On May 17th, 2011, the Sanibel Captiva Islander printed an advertisement 

seeking volunteers to bag additional fossil oyster shell for the project on page 10 

and followed up with a story on May 27th showing volunteers working (page 12). 

http://www.daytabank.handsonnetwork.org/event/red-mangrove-community-restoration
http://www.daytabank.handsonnetwork.org/event/red-mangrove-community-restoration
http://www.flickr.com/groups/sanibelcaptivaconservationfoundation/
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• On June 16, 2011 the News Press ran an article expressing the importance of the 

project and how it is progressing.  It was on the front page. 

• News Press did live media coverage of a shell bagging deployment on June 28, 

2011, which was the last deployment day for 2011.    

www.winknews.com/Local-Florida/2011-06-28/Oyster-reef-to-help-clean-

Sanibel-Island-waters 

• The Sanibel Captiva Islander wrote about recruitment tray sampling in the bayou 

and surrounding water bodies as a follow up for volunteers to share how the 

reefs are being monitored on August 5, 2011. 

 

 

  

http://www.winknews.com/Local-Florida/2011-06-28/Oyster-reef-to-help-clean-Sanibel-Island-waters
http://www.winknews.com/Local-Florida/2011-06-28/Oyster-reef-to-help-clean-Sanibel-Island-waters
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Figure 1. Oyster recruitment monitoring trays used in this study. a. 
stacked and ready to use before deployment. b. After retrieval sitting 
inside mesh screen for sorting.  

a. b. 
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Figure 2. Recruitment monitoring tray locations used for pre-award pilot study and 
the initial evaluation of  sites (2008-2009).  59 



Figure 3. Areas of Clam Bayou where relatively good oyster recruitment was found also 
showing existing substrate locations.  Initial reef site selections shown in red. 60 



Figure 4. Restoration activities in Clam Bayou consisted of oyster restoration and other 
restoration activities.  Oyster restoration occurred at a total of 5 sites but the areal  
footprint of oyster reefs constructed is specific to TNC or NACo.   
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Figure 5. One 24-ton load of fossil shell from SMR Aggregates (Sarasota, FL) 
delivered to Bowman’s beach on Sanibel Island to be bagged and used as 
oyster reef substrate. 
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Figure 7. After removing oyster-filled bag 
from tube, it was tied and ready for 
deployment. 

Figure 6. Mesh bags were placed over PVC 
tubes and then filled with oyster shell. 
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Figure 8. Pontoon boat used to transport shell bags to reef construction sites. 
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Figure 9.  Volunteers formed a human chain to move bags from staging 
area to  transport boat, to site placement. 
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Figure 10. Location of natural reef monitoring sites in Clam Bayou, Pine Island Sound and 
Tarpon Bay. 66 



Figure 11. Location of depth loggers and water quality data sondes in Clam 
Bayou.  The green triangle is the location of the depth sensor and a YSI 6600 
when available. Periodic discrete sampling for water quality is indicated by 
yellow points. 
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TNC-1 

TNC-2 

TNC-3 

NaCO-1 

NaCO-2 

Figure 12. Reefs 
constructed in Clam 
Bayou.  Photographs 
taken in 2010. 
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Figure 13. Sampling Trays and 
Deployment.  Trays were filled 
with fossil shell and sampled 
after 8 months and 1 year 
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Figure 14. Size frequency distribution for live oysters after 8 months and 1 year 
on constructed reefs and natural reefs monitored during this project. 
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Figure 16. Cont. 
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Figure 16. Mean total density at 1 year comparing constructed reefs to natural 
reef in Clam Bayou.  
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Figure 17. Precipitation during the study period as recorded by NOAA/USFWS weather 
station located on Sanibel Island at Ding Darling National Wildlife Refuge.  
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Figure 18. Water temperature and salinity as recorded by Hobo logger and YSI WQ Sonde 
in Clam Bayou during study period. 
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Figure 19. Dissolved Oxygen and turbidity as recorded by YSI WQ Sonde in Clam Bayou 
during study period. 
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2D Stress: 0.14

Figure 20. MDS ordination of Bray Curtis similarity matrices for resident reef 
community composition comparing constructed and natural reef sites. 
Constructed reefs grouped separate from natural reefs in Pine Island Sound and 
Tarpon Bay. 
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Figure 21.  Total oyster density on constructed reefs for 8 month and 1 year 
sampling periods. Note significant drop in oyster density at all sites between 8 
months and 1 year at all sites except TNC3.   84 



Figure 22.  Signs were placed at each site to protect the new reefs from 
trampling  
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Figure 23.  Outreach was accomplished 
through presentations at festivals and 
through local newspaper articles. 
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Figure 23.  Fossil shells (extinct and extant) were identified by Dr. Jose Leal at the Bailey-
Matthew Shell Museum for display at festivals.  Other live animal displays and oyster reef 
restoration content was included. 
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Appendix I: In situ fluorometry of constructed reefs (Dr. Raymond Grizzle) 



FINAL REPORT (January 17, 2012) 

In Situ Fluorometry Studies in Restored Oyster Reef Habitat 

Raymond E. Grizzle and Krystin M. Ward 

University of New Hampshire, Jackson Estuarine Laboratory, 85 Adams Point Road,  

Durham, NH 03824; Voice: 603-862-5130; Email: ray.grizzle@unh.edu 

 

Project Name:  Community-Based Restoration Of Oyster Habitat: A Project to Evaluate Its 

Success, Associated Effects on Water Quality and Seagrass Health in a Recently Modified, 

Substrate-Limited Southwestern Florida Embayment 

 

Project Contact: Eric Milbrandt, Ph.D., Director, Sanibel-Captiva Conservation Foundation 

Marine Laboratory, 900A Tarpon Bay Road, Sanibel, FL 33957; Voice (239) 395-3115, Fax 

(239) 395-4616, Email: emilbran@sccf.org.  

 

Introduction: This portion of the project was aimed at characterizing the impacts of the restored 

oyster reefs on water quality, focusing on direct measurements of whole-reef filtration rates. The 

reef construction/restoration approach consisted of placement of hard substrate (fossil oyster 

shell) by volunteers onto the restoration sites, followed by natural settlement of oyster larvae 

onto the fossil shell. The typical result is an increasingly complex biotic community over time 

(=ecological succession) as organisms recruit to the restoration site, as well as increases in oyster 

size and density (Luckenbach et al. 2005; Rodney and Paynter 2006; Hadley et al. 2010). Oysters 

often are the dominant filter feeding species, but other filter feeding taxa can also be present. 

Thus, water filtration rates likely also change as the reef community develops, and over time the 

whole-reef filtration rates should also increase. We are not aware, however, of any previous 

studies on how water filtration rates of contructed/restored oyster reefs change over time. 

 

Nelson et al. (2004) measured several seston parameters over small “transplanted” intertidal 

oyster reefs in North Carolina, and reported no significant differences in upstream vs. 

downstream concentrations. Grizzle et al. (2008) quantified seston removal by natural and 

restored reefs of different ages and populated by different filter-feeding bivalve (primarily 

oyster) densities. Seston removal rates on the constructed reefs were not clearly related to age of 

the reef, probably because bivalve size and density were not related just to age and because one 

of the reefs was seeded with juvenile hard clams during initial construction. They found that 

seston removal was related to water flow relative to mean size and density of the bivalve 

populations, similar to the findings of Cressman et al. (2004).  

 

Overall, these few previous studies indicate that restored oyster reefs should provide water-

quality improvements soon after construction, and the overall impact is probably mainly 

determined by the size, density, and species composition of the resident filter-feeding 

populations relative to water flow characteristics over the reef (Coen et al. 2007; Newell et al. 

2007). The present study was aimed at measuring how seston removal rates change as the 

restored reefs developed. 

 

Methods: TNC Reefs 1 and 2 were sampled following methods in Grizzle et al. (2006, 2008), 

which is essentially the “upstream/downstream” approach reviewed in Dame (1996) but relying 



mainly on repeated in situ measurements of chlorophyll a concentration with field fluorometers 

instead of dipped or pumped water samples for later laboratory analyses. Discrete water samples 

were taken in 2011 sporadically during each measurement period and analyzed in the laboratory 

for chlorophyll a in order to calibrate the fluorometers so that data could be reported as 

chlorophyll a concentrations. In addition to fluorometry measurements, water flow speed (~mid-

depth) was measured with a Marsh-McBirney electromagnetic flow meter, and water depth, 

salinity, temperature and dissolved oxygen were measured with field meters several times during 

each sampling interval. In order to confirm that the fluorometers were placed properly, water 

soluble dye was released sporadically during the measurement period at the upstream position 

and observed as the plume flowed over the reef. The dye releases also provided information on 

horizontal mixing of the water flow field. 

 

Results and Discussion: 
 

Pre-construction (June 2010). This sampling effort consisted of surveying the general area where 

reefs were to be constructed, and testing the fluorometers and deployment gear. No data were 

collected that were useful for comparison to subsequent data. 

 

0.5 year post-construction (October 2010) fluorometry. Both restored reefs had caught a natural 

set of oysters soon after construction, and seston removal was quantified during the first post-

construction filtration measurements. Sufficient data were not obtained to accurately calibrate the 

fluorometers to chlorophyll concentrations, so all 2010 fluorometry data are presented as 

“relative fluorescence units.” A total of ~3.5 hours of fluorometry data were continuously logged 

(at 5-second intervals) over Reef #1 on 16 October 2010 (Fig. 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

During the first 1.4 hours tide direction was consistent (with fluorometer #1 upstream and #2 

downstream), and there was a net removal of 12.1% of chlorophyll a.  After 1.3 hours, water 

flow direction changed causing the relative positions of the fluorometers to change; fluorometer 

#1 became downstream and #2 became upstream. For the remaining 2 or so hours, there was a 

 

Fig. 1. In situ fluorometry over Reef #1 on 16 October 2010. Note that relative positions (upstream vs. downstream)     

of fluorometers changed during the measurement period (see text for details). 

tide direction changed 



net chlorophyll a removal of 19.0%. For the overall 3.5-hour measurement period, there was an 

average removal of 15.6% of the chlorophyll a in the water flowing over Reef #1. 

 

A total of ~3 hours of in situ fluorometry data were logged (at 5-second intervals) over Reef #2 

on 19 October 2010 (Fig. 2). Tide direction remained consistent during the entire interval, but 

there was substantial variability in chlorophyll concentrations (RFUs) and relative removal rates.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

At times chlorophyll a concentrations were higher downstream than upstream (=net export from 

the reef), compared to maximal removal of ~20% between hours 1 and 2. For the overall 

measurement period, chlorophyll a removal averaged 13.0%. 

 

1.5 years post-construction (September 2011) fluorometry. During 2011, sufficient data were 

obtained to calibrate (using the linear model shown in Figure 3) the in situ fluorometers so that 

the data could be expressed as chlorophyll a concentrations.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. In situ fluorometry over Reef #2 in October 2010. 

 

Fig. 3. In situ fluorometry data vs. laboratory chlorophyll a data with linear model 

used to calibrate fluorometers. 



 

In 2011, it was decided to record in situ fluorometry data for replicate, short-duration (minutes) 

intervals over 2 days (27 and 28 September) rather than single longer-term (hours) intervals as 

was done in 2010. Two replicates were recorded for Reef #1 and three for Reef #2. Reef #1 

showed consistent chlorophyll a removal during the first measurement period, averaging 13.1% 

(Fig. 4). In contrast, during the second measurement period, chlorophyll concentrations varied 

widely downstream during the first 10 minutes, then consistent but minimal removal after that, 

giving a mean of 0.6% removal for the overall 19-minute period. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Reef #2 showed substantial (19.7% and 44.3%) and consistent chlorophyll removal for the first 

two measurement periods (Fig. 5). The third period, however, showed minimal but consistent 

export of chlorophyll, averaging -7.2% for the 22-minute measurement period. Sometimes the 

cause(s) for chlorophyll loss or export from an oyster reef is obvious. For example, Grizzle et al. 

(2008) observed consistent chlorophyll export from a reef exposed to continuous wind waves 

and sediment re-suspension during the measurement period. When Reef #2 showed export of 

chlorophyll (bottom plot in Fig. 5), clouds of turbidity were observed on several occasions near 

the downstream fluorometer probe, possibly caused by striped mullet feeding on the reef. Thus, 

while the oysters may have been actively feeding, the downstream data showed the results of 

 

Fig. 4. In situ fluorometry over Reef #1 in September 2011. 



sediment re-suspension and increased chlorophyll concentrations such that bivalve feeding could 

not be measured.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chlorophyll removal and environmental data. 

 

Tables 1 and 2 below summarize relevant environmental data with chlorophyll removal 

percentages discussed above (Figs. 1 – 5), data on oyster density and size, and calculated 

individual oyster removal rates compared to literature values. These data provide an overview of 

changes over time in the study reefs, as well as a comparison of calculated rates for the 

“average” oyster on the reefs. 

 

 

Fig. 5. In situ fluorometry over Reef #2 in September 2011. 



 

 
Table 1. Water quality data summary for the study reefs. 

Water Flow Flow Chl a 

 Depth  Length Speed Salinity Temp. D.O. Removed 

Area/Reef Date (m)  (m) (m/s) (psu) (
o
C) (mg/L) (%)

TNC Reef #1 10/16/2010 12 15.0 1.5 35.8 22.9-24.4 4.9-6.7 15.6

TNC Reef #2 10/19/2010 25 16.5 2.0 35.7 25.6 5.9-6.1 13.0

TNC Reef #1 9/27/2011 10 16.9 2.5 33.5-34.4 27.8-28.3 3.7-4.0 13.1

TNC Reef #1 9/28/2011 10 15.3 1.0 34.1 28.3 3.3 0.6

TNC Reef #2 9/27/2011 20 14.5 3.0 32.9-33.8 28.2-29.2 4.8-4.9 19.7

TNC Reef #2 9/28/2011 20 17.0 3.5 34.1 28.7 2.9 44.3

TNC Reef #2 9/28/2011 11 17.0 2.6 34.2 28.7 3.4 -7.2

 

 

Water quality parameters (Table 1) were well within the tolerance range, with most near-optimal, 

for the eastern oyster (Shumway 1996). Thus, they were not considered further in assessments of 

the measured differences in chlorophyll removal. 

 

As already discussed, measured chl a removal varied widely, including one dataset that showed 

consistent “export” of chl a (Fig. 5). Excluding this dataset, there was still wide variability with 

mean removal ranging from 0.6 to 44.3 (Table 2). Nonetheless, the grand means for calculated 

individual feeding rates (highlighted in yellow) compare reasonably well with predicted rates 

using models in Riisgård (1988) and Powell et al. (1992). In particular, it should be noted that the 

2011 Clam Bayou removal rates were similar to the “low gear” model of Powell et al. (1992), as 

was found by Grizzle et al. (2008) for oyster reefs in South Carolina and east coast Florida.   

 

It may generally be expected that differences in reef-level seston removal reflect differences in 

oyster density and size relative to water depth and flow rates (Grizzle et al 2008). However, to 

our knowledge this relationship has not been quantified for restored eastern oyster reefs. 

Assuming the Clam Bayou reefs continue to increase in oyster size and density, future 

fluorometry monitoring will allow us to quantify this ecosystem service provided by the restored 

reefs. 

 

 

 

  



 

 
Table 2. Summary of environmental data for TNC Reefs #1 and #2, measured chl a removal (positive values only) based on in situ fluorometry, calculated 

individual clearance rates, and predicted individual clearance rates based on equations in Riisgård (1988) and Powell et al. (1992). 

 

Mean Water 

Mean Mean Calculated
1

Reef Cross-Section Mean Water Flow Length Mean Water Mean Water Flow

Sampling Bivalve Density Bivalve Shell Size  Mean Dry Wt. Surface Area                Over Reef Water Depth Across Reef  Flow Speed Across Reef           

Date  Reef (# m
-2
) (mm)  (g) (m

2
) (m

2
) (cm)     (m)  (cm s

-1
) (m

3 
h
-1
)

16 Oct 2010 Reef #1 79 0.6 12 15.0 1.5 34

19 Oct 2010 Reef #2 76 1.2 25 16.5 2.0 83

27 Sep 2011 Reef #1 186 32.1 0.06 79 0.5 10 16.9 2.5 42

28 Sep 2011 Reef #1 186 32.1 0.06 79 0.5 10 15.3 1.0 19

27 Sep 2011 Reef #2 601 31.2 0.05 76 1.0 20 14.5 3.0 113

28 Seo 2011 Reef #2 601 31.2 0.05 76 1.0 20 14.5 3.0 113

MEANS: 196.8 15.8 0.01 77.5 0.8 16.2 15.5 2.2 67.4

  MEASURED
2    

MEASURED
2

MEASURED
2

CALCULATED
3

CALCULATED
3

CALCULATED
3

PREDICTED

Min. Chl a Max. Chl a MEAN Chl a Min. Individual Max. Individual MEAN. Individual (Riisgård 1988)

Removal Removal Removal Clearance Clearance Clearance Ind.  Clearance
4

Date  Site (% Cleared) (% Cleared) (% Cleared) (L h
-1
)     (L h

-1
)     (L h

-1
)     (L h

-1
)

16 Oct 2010 Reef #1 15.6

19 Oct 2010 Reef #2 13.0

27 Sep 2011 Reef #1 13.1 0.4 0.8 0.5 3.5

28 Sep 2011 Reef #1 0.6 0.0 0.8 0.5 3.5

27 Sep 2011 Reef #2 19.7 0.5 0.8 0.5 3.4

28 Seo 2011 Reef #2 44.3 1.1 0.8 0.5 3.4

MEANS: 17.7 0.5 0.8 0.5 3.5
1
Soft tissue DW calcluated using Coen (unpub. Data): DW = 0.00003*Shell Height

2.1727

3
CALCULATED individual clearance rate=([cross section area of water column x mean flow speed in m/hr x 1000]/[mean bivalve density x reef area]) x (% Chl a removal/100)

4
Riisgård (1988) clearance rates predicted using: Ind. Clearance = 6.79*DW

0.73

5
Powell et al. (1992) predicted individual clearance rates determined using "low gear" and "high gear" models for mean bivalve shell size on each reef.

2
MEASURED % Chl a removal=(Chl a upstream-Chl a downstream)/Chl a upstream x 100

"low gear"        "high gear"

PREDICTED

(Powell et al. 1992)

Individual Clearance
5
 (L h

-1
)
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Appendix II: TNC Clam Bayou Fact Sheet 



Background 
Native oysters (Crassostrea virginica) are 
a foundational species in the subtropical 
ecosystems of Southwest Florida. They 
are prolific in intertidal reefs and below 
the red mangrove (Rhizophora mangle) 
fringe. Numerous shell middens found 
throughout the barrier islands of 
Charlotte Harbor are evidence of the 
long history of shellfish consumption by 
the Calusa Indians. Oysters have always 
been important to the fishing folklore of 
Sanibel since its habitation by people in 
the early 20th century.  
 
The global losses of oyster reefs (TNC 
reefs at risk) to overharvesting and 
water quality degradation has prompted 
oyster restoration projects. While 
recreational harvest is no longer 
permitted in Charlotte Harbor, people 
recognize that oyster reef declines in the 
region have affected the overall health 
of the barrier island ecosystem. 
 

Native Reef Restoration on a SW Florida Barrier Island  

Importance of oyster reefs 
 
• Oysters filter large quantities of 

water, removing algae, nutrients 
and sediments. 

• Oysters were once abundant in 
many of the island’s bayous; the 
remnants of these reefs can still be 
seen.  

• Restoration of flows in 2006 
allowed for more natural tidal 
levels and associated salinities, and 
access for manatees and other 
mobile species. 

• By adding substrate at the 
appropriate tidal height we are 
enhancing  settlement sites for 
oysters, increasing brood stock, as 
well as feeding/nursery sites for 
numerous finfish, invertebrates, 
birds, and mammals. 

CLAM BAYOU 
Oyster Reef Restoration Project 

Sampling units with fossil shell were 
used to monitor reef development at 
constructed reefs and compared to 
nearby natural reefs (above). 

Oyster Reef Restoration Project 
Sanibel Island, Lee County, Florida, is the 
site of the oyster reef restoration within 
the boundary of the Charlotte Harbor 
National Estuary Program (CHNEP) and 
immediately adjacent to the J.N. "Ding" 
Darling National Wildlife Refuge (NWR), 
Clam Bayou  includes over 235 acres of 
public parks (Silver Key and Bowman's 
Beach Regional Park) and 14 miles of 
mangrove shoreline (12 miles publicly- 
and 2 miles privately-owned).   
 
Clam Bayou was connected to the Gulf 
of Mexico and Pine Island Sound through 
natural flow-ways.  Storm events 
(hurricanes) and human activities 
isolated this water-body from natural 
tidal exchange and resulted in the 
degradation of mangrove, seagrass and 
oyster reef habitats (estimated loss of 
150 acres of mangroves, 20 acres of 
oyster habitat, and 120 acres of 
seagrass).  In 2006, a culvert was built to 
re-introduce tidal flushing.   



  
 
Working Together 
This effort is a collaborative effort 
between The Sanibel Captiva 
Conservation Foundation’s (SCCF) 
Marine Laboratory,  the City of 
Sanibel, the University of New 
Hampshire, Lee County and 
numerous volunteers and stake 
holders living around Clam Bayou. 
A related SCCF project funded by 
NOAA and the National Association 
of Counties (NACo) enhanced 
mangroves, seagrass and oysters in 
Clam Bayou. 
 
Since October 2009, the overall 
Clam Bayou restoration has 
engaged more than 1,300 
volunteers contributing 2,800 
hours, and placed over 100 tons of 
fossil shell into Clam Bayou.  
 

The mission of The Nature Conservancy is to 
preserve the plants, animals, and natural  

communities that represent the diversity of life  
on Earth by protecting the lands and waters  

they need to survive.   

For more information 
 
 

The National Partnership between the NOAA 
Community-based Restoration Program and The 
Nature Conservancy implements innovative 
conservation activities that benefit marine, estuarine 
and riparian habitats across the United States. The 
NOAA Restoration Center has worked with community 
organizations to support locally- driven projects that 
provide strong on-the-ground habitat restoration 
components that offer educational and social benefits 
for people and their communities, as well as long-term 
ecological benefits. 

Research and Monitoring 
Oyster reefs were constructed at suitable 
sites adjacent to seagrass habitats to 
improve water quality (clarity) and 
expand shallow fringing seagrass 
communities. In situ fluorometry by Dr. 
R. Grizzle were used to calculate uptake 
rates on constructed reefs. Trimble GPS 
surveys were done and maps prepared 
to define the 5 reef footprints and areas. 
We will be monitoring water quality, 
seagrasses, oysters and the associated 
organisms within restored and adjacent 
natural areas.   
 
The project also deployed recruitment 
sampling units in Clam Bayou, Tarpon 
Bay, Pine Island Sound and San Carlos 
Bay to assess oyster recruitment and 
constructed reef progress at sites with a 
variety of salinity ranges and larval 
abundances. Oyster densities (>50 m-2), 
size frequency distributions, invertebrate 
reef resident diversity (> 10 species), and 
relief (> 5 cm) of the constructed reefs 
were used to determine success (TNC 
restoration evaluation guidelines). 

Outcome (TNC/NOAA efforts) 

How You Can Help 
The Sanibel-Captiva Conservation 
Foundation has annual membership and 
fund drives. Volunteer events are 
continuing in Clam Bayou and elsewhere 
on and around Sanibel. SCCF has started 
a oyster shell recycling program with 
area restaurants to build more reefs in 
the future. Prioritization of shellfish 
restoration sites has started through the 
CHNEP Shellfish Restoration Plan and 
continued collaboration with the Bailey-
Matthew Shell Museum. For more 
information, contact the SCCF Marine 
Laboratory (239) 395-4617, or stop in 
when you are visiting Sanibel Island. 
 

Oyster spat growing through the bags. 

A wading bird forages on the 
constructed TNC-2 reef in Clam 
Bayou 

A juvenile stone crab residing in the 
shell bags at Reef TNC-1 

Metric Goal Actual (2012) 
Reef Area (m2) 400 637 

Recruitment 
(oysters m2 yr-1) 

50 137 

Growth Rate 
(mm day-1) 

Positive 0.1 

Resident Species >10 14 

Water Quality 
Improvement 

percent 
reduction 
in chl a 

18% 

Reef Relief 
m above 
sediment 

0.100 

Community 
Involvement 

volunteers 518 

Community 
Involvement 

hours 971 

Measuring oyster shell height. 

Join us for a Restoration Volunteer Event! 
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Form A

Page 1 of 2

NAME OF ORGANIZATION : Sanibel Captiva Conservation Foundation SITE: 

PROJECT NAME: Community-Based Restoration Of Oyster Habitat SUBAWARD #: MAR-SCCF-081409

REPORT PERIOD: October 1, 2011 through February 29, 2012

DUNS (for Recovery Act funding only): NOT APPLICABLE
CCR # (for Recovery Act funding only): NOT APPLICABLE

Enter data in the yellow shaded areas only.
Note: Prior period adjustments require a detailed explanation in the notes section provided below.

C A T E G O R I ES

Budget                 
(A) Rev-

BHancock OK'd 
6/9/11

Prior Period 
Expenses 

(10/1/09-9/30/11)  
(B)

Prior Period 
Adjustments (C)

Oct 1 to Feb 29, 
2012  Current 

Period 
Expenses (D)

TOTAL Project 
Expenses to Date  

(E=B+C+D)
Balance              
(F= A-E)

A. PERSONNEL 36,964 28,076.93              9,556.35                37,633.28                   (669.28)                  

12,364 8,984.62                3,058.03                12,042.65                   321.35                   

C. TRAVEL 2,250 1,331.60                1,331.60                     918.40                   

D. EQUIPMENT (over $5000) -                              -                         

7,671 5,947.00                1,818.74                7,765.74                     (94.74)                    

F. CONTRACTUAL 7,011 2,910.55                5,000.00                7,910.55                     (899.55)                  

G. CONSTRUCTION 112.81                   112.81                        (112.81)                  

H. OTHER - Boat/Vehicles 2,879.00                2,330.18                2,330.18                     548.82                   

I. TOTAL DIRECT COSTS 69,139.00              49,580.88              -                         19,545.93              69,126.81                   12.19                     

J.  INDIRECT COSTS 12.5% 8,642.38                6,197.61                -                         2,443.24                8,640.85                     1.52                       

K. TOTALS 77,781.38              55,778.49              -                         21,989.17              77,767.66                   13.71                     
100%

C A T E G O R I ES

Budget                 
(A) Rev-

BHancock OK'd 
6/9/11

Prior Period 
Expenses 

(10/1/09-9/30/11)  
(B)

Prior Period 
Adjustments (C)

Oct 1 to Feb 29, 
2012  Current 

Period 
Expenses (D)

TOTAL Project 
Expenses to Date  

(E=B+C+D)
Balance              
(F= A-E)

A. PERSONNEL $33,012 36,472.33              153.85                   36,626.18                   (3,614.18)               

B. FRINGE BENEFITS budgeted at 32% $10,564 11,671.14              49.23                     11,720.37                   (1,156.37)               

S & Fringe Subtotal - Budget = 43,576 / Current = 203.08 -                              -                         

C. TRAVEL $500 -                         -                              500.00                   
D. EQUIPMENT (over $5000) $0 -                         -                              -                         
E. SUPPLIES (Equip under $5K) $0 280.00                   -                         280.00                        (280.00)                  
F. CONTRACTUAL - water analyses $0 450.00                   -                         450.00                        (450.00)                  
G. CONSTRUCTION $0 -                         -                              -                         

$12,791 9,113.54                   3,616.00                   12,729.54                      61.46                        

$13,509 15,897.68                 62.95                        15,960.63                      (2,451.63)                  

H3. OTHER-volunteers 0 hrs @ $28/hr =$0.00 $28,400 21,982.86                 21,982.86                      6,417.14                   

H4.  OTHER - City of Sanibel -                                 -                            

H4A. OTHER - City match personnel (0 hrs) $5,100 4,411.02                   4,411.02                        (2,262.12)                  
H4B. OTHER - City match equip, mileage (@.50/m), printing, parking 
fees waived & misc incl in 5,100 2,951.10                   2,951.10                        

H5. OTHER - Boat Donation/Restaurant Shell Recycling 1,817.67                   1,817.67                        (1,817.67)                  
H. OTHER - TOTAL OF H1 - H5                                                         
budget = 59,799 & current = 682.44 -                              -                         

I. TOTAL MATCH COSTS $103,876 105,047.34            -                         3,882.03                108,929.37                 (5,053.37)               
J. INDIRECT COSTS (modified data per Cinnie consult 1/21/09) shown on rows 36 & 37 n/a

K. TOTALS $103,876 105,047.34            -                         3,882.03                108,929.37                 (5,053.37)               

PROJECT TOTALS 181,657.38            160,825.83            -                         25,871.20              186,697.03                 (5,039.66)               

E. SUPPLIES (Equip under $5K) - difference of $1,671 (Award Expenses, B. Fringe 
Benefits) added to the revised budget of 5,000 

PERCENTAGE OF AWARD BUDGET SPENT

MATCH EXPENDITURES

H1. OTHER - overhead differential total direct costs = Award Expenses, I. Total Direct Costs, Budget 
col (69,139) multiplied by .185  *(see Comments on Current Period)

H2. OTHER - overhead = Match Expenditures, A. Personnel, Budget col (33,012) added to Match 
Expenditures, B. Fringe Benefits, Budget col (10,564) for a sum of 43,576 which is then multiplied by 
.31   **(see Comments on Current Period)

SUBRECIPIENT FINANCIAL REPORT
(see Instructions worksheet for preparation guidance)

FL

AWARD EXPENSES

B. FRINGE BENEFITS were budgeted at 37% (12,360) and are currently at 32% (10,689) - 
the difference of 1,671 was transferred to Award Expenses, E. Supplies



Form A

Page 2 of 2

Comments on Current Period 

Complete only if you receive Program Income or receive Interest on 
Federal Funds

Prior Periods 
INCOME     (A)

Current Period 
INCOME (B)

TOTAL INCOME            
(C= A+B)

GROSS PROGRAM INCOME                               -   
INTEREST                               -                                 -                                 -   

TOTAL 0.00 0.00 0.00

Explanation of Prior Period Adjustments:

SUMMARY AND REQUEST FOR FUNDS
Prior Period 
Expenses Current Expenses Cumulative

160,825.83            25,871.20              186,697.03            
55,778.49              21,989.17              77,767.66              

105,047.34            3,882.03                108,929.37            
-                         

 (enter as positive number) 29,056.47              

48,711.19              

NAME AND TITLE - PROJECT MANAGER NAME AND TITLE - FINANCE REPRESENTATIVE

SIGNATURE DATE SIGNATURE DATE

H2. OTHER is derived from Match Expenditures, A. Personnel, Current Period col, (153.85) added to Match Expenditures, B. Fringe Benefits, Current Period col, (49.23) = sum of $203.08 which is then multiplied by .31   

H1. OTHER - is derived from overhead differential total direct costs = Award Expenses, I. Total Direct Costs, current period col (3,348.58) multiplied by .185  

TOTAL TNC FUNDS RECEIVED TO DATE

REQUESTED TNC FUNDS (Line 2 - Line 4)

PROGRAM INCOME AND INTEREST

Award Expenses, C. Travel - budgeted at $3,375.  Email from Cinnie Cole dated 9/29, explained budgeted funds can be recategorized.  Therefore, the Travel budget was reduced from $3,375 to $1,500 and Award Expenses, H. Other - budget 
was increased from $0 to $1,875.00 (boat/vehicle).  Please refer to proposal, page 5: "We are using the capped overhead reate (@12.5%) for the project.  Our normal overhead rate (MTD) is 37%.  We show the difference as match, plus fringe 
and overhead (differential of 18.5% on Partnership side, plus 31% on the SCCF-matched side)." 

TOTAL EXPENSES
TNC SHARE OF EXPENSES

SUBAWARDEE SHARE OF EXPENSES (MATCH)

ANTICIPATED EXPENSES - NEXT QUARTER
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NOAA Restoration Center             OMB Approval No.  

Community-based Restoration Program (CRP)    Expires   
Project Data Form 
 
CONTACT INFORMATION 
Contact Name: Dr. Eric C. Milbrandt 
Contact Title:    Director, SCCF Marine Laboratory 
Organization (Grantee): Sanibel-Captiva Conservation Foundation 
Street Address: 3333 Sanibel-Captiva Rd. (Headquarters), Lab 900A Tarpon Bay Rd. 
City:    Sanibel State:    FL Zip:    33957 
Phone:    239-395-4617 Fax:     239-395-4616    
E-mail: emilbran@sccf.org 
Organization website (if applicable): http://www.sccf.org 
PROJECT INFORMATION 

Project Title: 
Community-Based Restoration Of Oyster Habitat: A Project to Evaluate Its 
Success, Associated Effects on Water Quality and Seagrass Health in a Recently 
Modified, Substrate-Limited Southwestern Florida Embayment 

Project Award Number: 
MAR-SCCF-
081409 

Project Reporting Period: 10/16/10-4/15/11 

Project Location 

City: Sanibel 

County: Lee Co. State:  FL Zip Code:    33957 

Congressional District(s): 14 

Landmark (e.g. road intersection, beach): Off Sanibel-Captiva Rd., culverts  

Land Ownership (check one):  Public:  X Private:  Both:  

Geographic Coordinates (in decimal degrees, if readily available) 

Longitude (X-coord): 
82°9'47.44"W (82.163927) 

 
Are there multiple project 
sites for this award?*   Yes     No  X 

Latitude (Y-coord): 
26°28'8.11"N (26.468874) 

 

River Basin:   

Geographic Identifier (e.g. Chesapeake Bay):  Clam Bayou, Sanibel, FL 

Project Start Date: October 1, 2009 Project End Date: February 30, 2012 (estimated) 

 

0648-0472 

07/31/2009 
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Project Volunteers  

The NACo and TNC Projects divided volunteer hours in half from December 2009 to March 2010.  Much of 
the volunteer work for the TNC-NOAA project was completed from December 2009 to June 2010 and we 
were not yet close to the volunteer hours that were budgeted.  From April 2010 to June 2010 hours were 
divided such that ¾ of the total volunteer hours went to the TNC-NOAA project and ¼ went to the NACo-
NOAA project.  Staff hours in May, June and July 2010 were counted as match and divided in half (50% 
went toward TNC-NOAA and 50% went toward NACo-NOAA).  Subsequent volunteer hours from August 
2010 to present were divided 50:50 (Note: we are not double counting any hours for this and the related 
NACo project).  
 
There was a change in the project manager in March 2011. We realized at that time that the number of 
matching volunteer hours would not meet our stated goals in the previously submitted restoration plan. A 
second round of reef construction activities occurred to increase volunteer hours in 2011.  We added the 
additional fossil shell bags to TNC-3. 
 
Number of Volunteers:  355 Volunteer Hours: 679 
 
* If multiple project sites are part of the same award, please duplicate this form and submit required 
information for each site 
 
If permits are required, please list the permits pending and those acquired to date: 
 
Florida Department of Resource Protection (FDEP) Environmental Resources Permit was approved and 
reviewed by USACOE for impacts to essential fish habitat and endangered species.  Final approval was 
obtained on February 10, 2010.  A copy was included in the supplemental information.   
Fish and Wildlife Service (FWS) Long-term Assessment of Anthropogenic and Natural Impacts Permit (# 
41540-10008) was reviewed and approved, by lead biologist Tara Wertz, until 11/11/2011.   
 
 
Brief Project Description (1-2 sentences) describing project and what it hopes to accomplish:   
Fossil oyster shell was deployed as an attachment substrate for recruiting oyster spat in areas with 
limited available substrates to encourage oyster survival and growth.  Recruitment monitoring 
indicates that the constructed reefs have abundant spat and reef-associated animals.  Recruitment in 
natural reefs within Clam Bayou suggest an expansion the geographic area for recruitment.  Given that 
culverts installed several years ago now have improved salinities and flows, the project will continue to  
expand oyster habitat while providing structure and critical habitat for numerous marine and terrestrial 
species (birds, mammals), as well as improving water quality. 
 
List of Project Partners and their contributions (e.g. cash, in-kind, goods and services, etc.) 

• City of Sanibel (use of trucks, trailers, front-end loaders, in-kind donations, use of City Property, 
waived parking fees for volunteers and City staff time as match).  They also provided cash for 
the oyster shell recycling program. 

• Jensen’s Marina (20 foot pontoon boat for transporting shell and use of trailer to move 
pontoon).  

• Lee Co. (Staff time as match and coordination of our restoration with current mitigation). 
• J.N. “Ding” Darling Wildlife Refuge and Ding Society (Staff time as match, including interns and 

seasonal staff); use of YSI datasonde. 
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• Bayous Preservation Association (see report attached) 
• Bailey’s General Store of Sanibel (donated wooden pallets to stack shell bags, removed all 

pallets after reef completion, advertised for volunteers) 
• Jerry’s Foods of Sanibel (donated wooden pallets to stack shell bags, advertised for volunteers) 
• The Bailey-Matthews Shell Museum (specimen identification/confirmation) 
• J.N. “Ding” Darling National Wildlife Refuge provided an area for shell recycling. 
• Baileys General Store donated wooden pallets for oyster bag storage and then removed the 

pallets after bagging was complete. 
• Sanibel Island Fishing Club donated money for the oyster shell recycling program. 

 
 
If permits are required, please list the permits pending and those acquired to date: 
FL DEP and ACOE general permits completed 
Fish and Wildlife Service (FWS) completed 
The Florida Fish and Wildlife Conservation Commission (FWC) completed 
 
 
 
RESTORATION INFORMATION- Please complete this section to the best of your ability. 
Information below will be confirmed via site visit or phone call by NOAA staff before the 
close-out of an award.  (THIS INFORMATION TO BE FILLED OUT WHEN WE KNOW THE 
ACTUAL INFORMATION) 
 
List the habitat type(s) and acres restored/enhanced/protected or created to date (cumulative) and 
remainder to be restored/enhanced/protected or created (projected) with CRP funds by the end date of 
the award.  If the project restores fish passage, list the stream miles opened upstream and downstream 
for fish access.  Actual and Projected columns should add up to the total(s) for acreage to be restored 
with CRP funds indicated in the approved proposal. 
 

Habitat Type 
(e.g. tidal wetland, 

oyster reef, mangrove) 

Actual Acres 
Restored 

(To date- 
cumulative) 

Projected Acres 
(i.e. Remainder to 
be restored with 

CRP funds by 
award end date) 

Actual Stream 
Miles Opened 

for Fish 
Access 

Projected Stream Miles 
Opened for Fish Access 

(i.e. Remainder to be restored with 
CRP funds by award end date) 

Oyster Reef 0.157 0   
     
     
 
What indirect benefits resulted from this project? (e.g. improved water quality, increased 
awareness/stewardship): Improved water clarity, reduced turbidity, increased foraging habitat and 
stabilized benthic substrate.  Increased awareness to the public of the importance and ecological value 
of estuarine habitats. A sense of ownership from participants and a cohesive understanding of how 
ecological processes may impact them.  Many volunteers told us they will come back to visit Clam Bayou 
and enjoy the aesthetic and functional values of the work they completed. 
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List of species (fish, shellfish, invertebrates) benefiting from project (common name and/or 
genus and species): Please see Table 2 for additional species. 
1. Gag grouper 6. Oysters 
2. Snook 7. Mudcrabs  
3. Redfish 8. Mullet 
4. Stone Crab 9. Mangroves 
5. Manatee 10. Spotted Seatrout 

MONITORING ACTIVITIES  
List of monitoring techniques used (e.g. salinity, fish counts, vegetation presence/absence): 
1. We are measuring salinity (daily) 

volunteer with adjacent dock 
6. We measure tidal height hourly with an 

installed gauge on a private residents’ 
boat dock. 

2.  A chlorophyll uptake study was 
conducted pre-construction by Dr. Ray 
Grizzle with in situ fluorometers. 
 

7. When available, a YSI 6600 sonde is 
deployed on a residents’ boat dock 
measures in situ salinity, DO, temp., 
chl a, phycocyanin, depth. 

3. Seagrass edge delineation with Trimble 
GPS, randomized quadrats with shoot 
counts. 

8. Map natural oyster reefs in area 
remotely with ERDAS and 
groundtruth/accuracy assessment with 
hand held Trimble GPS XT.  

4. Water quality (e.g., nutrients, bacteria, 
chlorophyll a) monthly from Sept 2009 
to Sept 2010 (YSI now measures)  
 

9.  
 

Recruitment trays (1 year + 18 mo. 
deployments) oyster spat, oyster 
density, oyster size, reef associated 
animals measured (constructed reefs) 

 Recruitment trays (1 year + 18 mo. 
deployments) oyster spat, oyster 
density, oyster size, reef associated 
animals measured (natural reefs in and 
outside of Clam Bayou) 

 
 
 
 
 
 

Natural reefs were sampled to 
determine oyster density, size 
frequency and semi-quantitative reef 
associated animals (1 year + 18 months 
post-construction) 
 

 

Report Prepared By:  ______ _______  ___4/15/2011______ 
 
Please send semi-annual and final progress reports and supporting materials to Boze 
Hancock at bhancock@tnc.org 
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Be sure to save a copy of each report for your records; subsequent submissions of the Project 
Data Form need only add outstanding information, so that the form is completed in its 
entirety as part of the final comprehensive progress report. 
 



Appendix V. Clam Bayou Restoration Monitoring Plan 
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RESTORATION EVALUATION PLAN 
Project Name: Community-Based Restoration Of Oyster Habitat: A Project to Evaluate Its 
Success, Associated Effects on Water Quality and Seagrass Health in a Recently Modified, 
Substrate-Limited Southwestern Florida Embayment. 

Project Proponent: Loren D. Coen, Ph.D., Director, Sanibel-Captiva Conservation Foundation Marine 
Lab, 900A Tarpon Bay Road, Sanibel, FL 33957; V (239) 395-3115, F (239) 395-4616; lcoen@sccf.org.  
(project began Oct. 2009) 

Project Goal: The eastern oyster (Crassostrea virginica) is able to filter significant volumes of 
water, improving water clarity and enhancing benthic-pelagic coupling (Brumbaugh et al. 2006).  
Oyster reefs also stabilize the sediment and shoreline, while providing nursery habitat and 
foraging opportunities for adult and juvenile finfish, as well as many other invertebrate, 
mammalian and avian species (ASMFC 2007, Coen et al. 2007, Coen et al. in press).  The 
overall goal is to jumpstart restoration of several important habitats directly (oysters) and 
indirectly (seagrasses and mangroves) given the installation of a flow-way (three box culverts) to 
reconnect the water-body to tidal exchange with Pine Island Sound in 2006. 

STRUCTURAL OBJECTIVE(S):  
(see http://www.nmfs.noaa.gov/habitat/restoration/projects_programs/crp/partners_funding/project_reports.html#B). 

The construction of three oyster reefs consisting of shell in mesh bags in Clam Bayou will 
provide additional hard substrate to increase oyster recruitment, enhance habitat, improve water 
clarity, and stabilize sediment ultimately providing habitat and foraging opportunities for a 
variety of species.   

Parameters (what will be measured and in what units): 
1) We will construct multiple oyster reefs (3 to start) consisting of fossil shell in nearly 

3,000 polypropylene mesh bags (to date we have constructed reefs totaling over 430 m2 
(or 4,600 ft2). 

2) Oyster populations (recruitment/survival using size, density, growth over time). 

3) Assess areal extent of oysters (and dead shell) habitats within Clam Bayou. 

4)  We will measure seagrass percent cover by species and shoot density/ m2. 

Technique for Measurements (optional):  
1) To be confirmed post-construction in July 2010 by Trimble GPS (measured in m2) 

walking perimeter areas of reefs.   

2) We will embed replicate recruitment shell trays (0.15 m2 each) in reefs and in areas near 
and distant to the restoration sites.  These trays will be sampled over time to assess oyster 
population characteristics in developing reefs using recruitment in trays.  An electronic 
caliper system with bluetooth and a field computer will be used to measure the size of 
oysters in field samples or those brought back to the lab.  We will also photograph reefs 
over time and sample and work-up these samples (trays or quadrats) over time, counting 
all live and dead oysters within a given area and adjusting to 1 meter2.  We will sample 
natural populations using replicated quadrats within the Bayou, as well as in Tarpon and 
San Carlos Bays and in Pine Island Sound. 
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3) We will use aerial imagery, as well as on-the-ground assessments with a mapping grade 
Trimble GPS doing mapping and ground-truthing ‘reefs’ in Clam Bayou.  We will also 
try to use some of the approaches used in Grizzle et al. 2002. 

4) We will survey seagrass communities using the same  methodology as FDEP Charlotte Harbor 
Aquatic Preserve to assess seagrasses and macroalgae (if present) species present and quantify 
seagrass percent cover, shoot density, canopy height, and epiphyte load. 

Parameter 1: Constructed Reef Areas 

Baseline (pre-construction or earliest available post-construction numerical value for the 
structural parameter):  
We will measure reefs walking their intertidal perimeters and input into a GIS spatial database. 

Reference (ideal numerical value for the structural parameter):  
We will lay the mesh bags side-by-side in an array that can be sampled (with bag replacement) in 
and around existing Halodule wrightii-dominated seagrass beds.  Each bag holds approximately 
25 pounds of fossil oyster shell and covers an area of about 0.15 m2.   

Target (proposed numerical value desired for the structural parameter):  
A minimum of 400 m2 of new contiguous habitat, along with enhancing adjacent SAV. 

Timing (sampling frequency and end date):  
This effort will be done immediately after reefs are constructed in late June, early July 2010. 

Parameter 2: Oyster Populations 

Baseline (pre-construction or earliest available post-construction numerical value for the 
structural parameter):  
We will sample using 0.15 m2 replicate quadrats measuring live and dead oysters and other 
bivalves.  We will also collect trays in reefs (pictures follow) will be deployed and sampled in 
each reef and at sites around Clam Bayou and also in Tarpon Bay and Pine Island Sound with 
extensive natural oyster reefs to assess above parameters to compare/contrast recruitment on 
healthy, extant oyster reefs (Brumbaugh and Coen 2009, Hadley et al. in press).  We will also 
compare historical densities and rates of recruitment using RECOVER (part of the 
Comprehensive Plan, CERP for Everglades Restoration) SFWMD sampling (Volety et al. 2009, 
FGCU). 

Reference (ideal numerical value that represents IDEAL conditions):   

We will adjust recruitment to per m2 areas.  We will use oyster density estimate numbers from 
other researchers in the area as references values to expect to match or exceed (e.g., Tolley and 
Volety 2005, Tolley et al. 2005, Volety et al. 2009).  We will also be sampling in adjacent areas 
with natural populations ourselves.  

Target (proposed numerical value that represents success for the defined objective):  
Our longer-term target for the recruitment density is near 50-75 oyster recruits/m2.  We 
anticipate that the addition of shell to areas of Clam Bayou will greatly enhance the aerial extent 
of living oyster habitat (Grizzle 1990, Luckenbach et al. 2005, Brumbaugh et al. 2006, 
Brumbaugh and Coen 2009). 
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Timing (sampling frequency and end date):   
We will deploy replicate trays after reefs are constructed (by early July) and then sample each 
tray after at least 6-8 months in late 2010-early 2011 and again before the end of the project in 
2011.  We will also sample the natural intertidal reef areas where trays are also deployed (see 
maps at end of this document) and natural reefs as reference areas at sites with different salinity 
ranges.   

Parameter 3: Assess Areal Extent of Potential and Living Oyster Habitat 

Baseline (pre-construction or earliest available post-construction numerical value for the 
functional parameter):  
Live natural oyster reefs initially were identified in 2008 and will be assessed visually (mapped 
by Trimble GPS, data incorporated into a GIS spatial database at low tide and at a larger scale 
photographed using aerial photographs (e.g., Grizzle et al, 2002).  We will also follow some 
approaches used in South Carolina’s statewide intertidal reef oyster assessment (see 
http://www.dnr.sc.gov/GIS/descoysterbed.html).  During the study we will determine the acreage 
of living or dead oyster reef habitat within the immediate study area extending out from there 
into the larger Clam Bayou area itself as a function of time and effort.   

Reference (ideal numerical value that represents IDEAL conditions):   
This will provide a reasonable baseline for determining available habitat within the restored 
hydrological system of Clam Bayou near the culverts. 

Target (proposed numerical value that represents success for the defined objective):  
To provide an areal extent for future efforts by the City, County and others (SCCF, NOAA, etc.). 

Timing (sampling frequency and end date):   
We will do this over a period of several months and integrate into a spatial Geodatabase for this 
habitat within the Bayou one reefs are constructed and parameter #2 sampled (winter 2010-
2011). 

Parameter 4: Adjacent Seagrass Populations 

Baseline (pre-construction or earliest available post-construction numerical value for the 
functional parameter):  
With the installation of the culvert in 2006 which restored tidal excahneg to Clam Bayou, 
seagrass habitat has been improving in the area of our project.  Before the culvert was installed, 
the area had less than 10% cover consisting of one seagrass species, Halodule wrightii, with 
shoot densities of less than 100 shoots/m2.  Baseline seagrass metrics for this project are 
estimated to be between 15 and 30% coverage of Halodule wrightii at adjacent beds and shoot 
densities still relatively low at 100-300/m2. 

Reference (ideal numerical value that represents IDEAL conditions):   
Healthy H. wrightii beds in this area have been found to exhibit 75-100% coverage, with shoot 
densities of up to 1200 shoots/m2 (FDEP 2007). 
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Target (proposed numerical value that represents success for the defined objective):  
We hope to find a statistically significant increase in shoot density and % coverage at permanent 
transects within the seagrass beds adjacent to our study sights within 3 years of reef 
construction.. 

Timing (sampling frequency and end date):   
Potential changes to SAV (primarily Halodule wrightii) abundance and distribution will be 
monitored at least every 6 month by sampling seagrass beds in a large portion of the Bayou at 
our study and control sites post-reef construction. The final seagrass monitoring period is 
projected to be three years from the time of construction of the reefs in July 2010.   

FUNCTIONAL OBJECTIVES:  

Parameters (what will be measured and in what units): 
1) Species diversity/richness of organisms associated with oyster habitats and also adjacent 

seagrasses will be assessed through time as reefs develop. 

2) Water quality over time pre- and post-reef construction. 

a. Direct measurements of parameters in Clam Bayou 
b. Filtration capabilities (oysters and mussels) over time using proven non-destructive 

sampling. 

Technique for Measurements (optional):  
1) Assess from the embedded trays in reefs and in areas near and distant to the restoration sites, 

resident organisms in deployed shell trays, each 0.15 m2.  These trays will be sampled over 
time to assess associated resident organisms as reef structure develops (e.g., Coen et al. 1999, 
Luckenbach et al. 2005).   

We will also photograph trays and quadrats over time at low tide, counting all associated 
resident organisms associated with developing reef structure.  Replicate (n =3 minimum per 
reef/per date) shell trays (each 0.15 m2) will be placed within the constructed reef sites and 
these trays will be removed as described above once the reefs are constructed (e.g., July 
2010).  We have data from earlier work by Tolley et al. (2005), Tolley and Volety (2005), 
Tolley et al. (2006), and Volety et al. (2009) and reports for comparison. 

2) Water quality 

a. Water quality will be monitored in seagrass beds adjacent to restoration sites 
seasonally each year on slack tides following a spring ‘ebb’ tide.  We will assess 
turbidity, suspended solids (TSS), CDOM, salinity, DO, pH, temperature, light 
penetration, and chl a, Dissolved and suspended N and P fractions, etc.   

We will sample water also for the above as follows: 

i. Chlorophyll a: Grab samples taken from 0.1 meter depth in project area will 
be returned to SCCF Marine Lab and analyzed on a Turner Trilogy® 
fluorometer fitted with chlorophyll a head (for acidification method) using 
EPA Method 445 (Determination of chlorophyll a and pheophytin in Marine 
and Freshwater algae by fluorescence and acidification.   
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ii. Turbidity: in situ measurements of turbidity will be made using Hydrolab® 
Quanta water quality sondes calibrated per Florida DEP SOP FT 1000 using 
known turbidity standards.  We also hope to deploy for discrete extended 
periods a YSI 6600 datasonde off a dock a few 100 meters from reef sites. 

iii. Light attenuation (Kd): this will be measured in situ using a Biospherical 
Instrument Company (BIC) Model 2104 RL2 light loggers mounted 0.2 meter 
apart on a PVC pole and deployed underwater at seagrass study sites adjacent 
to oyster reefs. 

iv. Collections for Lab Analyses: Dissolved and suspended N and P fractions 
collected following standard methods.  

Water quality will be monitored in seagrass beds adjacent to restoration sites at least 
4-6 times during the project on a slack tide following a spring ‘ebb’ tide.  We will 
establish nearby “control” sites and compare long-term water quality monitoring 
results from our constructed reef sites to the control sites. 

b. The filtration capabilities of the restored reefs, and thus their potential effects on 
nearby seagrass beds, will be quantified as the reefs develop.  Baseline data (showing 
no changes in seston concentrations as water flowed across the pre-restoration sites) 
were collected in June 2010 using in situ fluorometry using methods described in 
Grizzle et al. (2006, 2008) and Grizzle et al. (in prep).   

Baseline (pre-construction or earliest available post-construction numerical value for the 
functional parameter):  

1. We will use values of organisms in the area of Sanibel and Captiva islands derived from a 
previous pilot study and published accounts for the area (Tolley et al. 2005, Tolley and 
Volety 2005, Tolley et al. 2006, Volety et al. 2009).  There were no organisms on 
unvegetated bottoms prior to the placement of material. 

2. Water quality-related efforts 

a. Baseline water quality data is currently being collected and will continue to be 
collected until reef construction begins.  Baseline water quality will be compared 
to data after reef construction to detect long term changes at the control and study 
sites in water quality.  Sites will be established in seagrass beds adjacent to the 
restoration (study sites) and monitored six times on a slack tide.  Salinity, 
temperature, and dissolved oxygen will be logged continuously at 15-30 minute 
intervals from private docks of residents living on the bayou.  Some near 
continuous data were collected in 2005 using a water quality datasonde.  
Additional or integrated instruments such as a nephelometer, secchi disk or 
transparency tube to measure turbidity and/or light penetration will also be 
utilized for monitoring.  Salinity will be measured at least four times monthly 
(daily when possible) by a volunteer in Clam Bayou.  Water level and water 
temperature is logged every 15 minutes using an Onset Water Level logger in 
Clam Bayou.  Monitoring water quality for turbidity (NTUs), temperature (o 

centigrade), CDOM (QSE), water level fluctuation (in centimeters using a water 
gauge), dissolved oxygen (mg/L), nitrogen (mg/L), phosphorus (mg/L), salinity 
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(ppt or psu), pH, light attenuation  (Kd) (alpha/m) and chlorophyll a (µg/L) using 
a variety of calibrated instruments. 

b. For filtration functional objective, no bivalve filtration over initially planted reefs 
since filter feeders had not yet recruited to the planted material in bags.  We have 
also been sampling values for areas around Sanibel with varied densities of living 
filter feeders. 

Reference (ideal numerical value that represents IDEAL conditions):   
1. We will compare our results through time with natural reefs inside and outside of Clam 

Bayou (Tarpon Bay, Pine Island Sound, San Carlos Bay), along with sampling conducted 
previously by Tolley, Volety and Savarese (FGCU, Tolley et al. 2005, Tolley and Volety 
2005, Tolley et al. 2006, Volety et al. 2009) and elsewhere (Luckenhach et al. 2005, 
ASMFC 2007, . 

2. Water quality over reefs 

a. We hope to significant improvement in water clarity which will in turn give the 
opportunity for improvement of adjacent seagrass metrics. Most of Clam Bayou is 
less than 1 meter deep so the ideal condition would be to have sufficient light 
conditions at 1 meter deep to support healthy seagrass growth. H. wrightii has 
been found to require 24-37% of incident surface light to maintain healthy growth 
(Kenworthy and Fonseca, 1996). Based upon an average incident light of 220-300 
µmole/m2/sec the minimum light requirement at 1 meter depth for healthy growth 
of Halodule wrightii is 50-60 µmole/m2/sec.  This equates to an ideal Kd of 
between 0.99-1.43/m. 

b. For filtration functional objective, no filtration over initially planted reefs since 
filter feeders had not yet recruited to the planted material in bags.  We are also 
sampling over natural reefs in Clam Bayou and in Tarpon Bay, Pine Island Sound, 
San Carlos Bay.  We have sampled over dense intertidal and shallow subtidal 
bivalve reefs in FL (including in Clam Bayou, Tarpon Bay), SC, VA and NH.  
These values will be used as reference values. 

Target (proposed numerical value that represents success for the defined objective):  
1. We envision that the new structure in the form of a reef will attract species not found 

previously associated with unvegetated bottoms or in some cases with adjacent 
seagrasses.  A minimum of 10 resident species of finfish, crustaceans (crabs, and 
snapping shrimp), and mollucs (including bivalves other than C. virginica) will be 
collected from reef proper. 

2. Water quality associated with Reefs 

a. We hope to find a significant reduction in the light attenuation coefficient (Kd) in 
the seagrass  near constructed oyster reefs within 2 years after the project is 
completed as compared to pre-project values 

b. For filtering we expect to see a significant impact on water clarity over the reefs, 
lowered suspended solids (and turbidity), lowered chlorophyll a concentrations 
relative to ambient values distant from any filtering invertebrates.   
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We will also assess adjacent seagrass footprints (Halodule) through time once the reefs 
are established with live mussels, oysters, and other filter-feeding invertebrates. 

Timing (sampling frequency and end date):   
1. Fauna sampling 

o Trays will be sampled, redeployed and resampled during the 24 month study. 

2. Water Quality 

o For the filtration effort we will sample at a minimum of 3-4 periods during the 24 
month study. 

o Light attenuation, water clarity, CDOM and turbidity will be monitored at least 
six times before reef construction is complete and then quarterly for the first two 
years after construction of reefs.  After two years, these parameters will be 
monitored twice monthly for at least 3 months and the results compared to the 
pre-project values.  The end date will be two to three years post-reef construction.   
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Figure 1. Sampling sites for oyster recruitment trays located in Clam Bayou in August of 
2008. 
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Figure 2. Bagging shell with volunteers at Bowman’s Beach where  
City of Sanibel supplied a site to stage from for 8 months. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Cutting mesh on jig for bagging shell with volunteers at Bowman’s Beach. 
. 
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Figure 4. Completed bagging of fossil oyster shell (over 4000 bags) for restoration projects (TNC-NOAA and 

NACo.) at Bowman’s Beach staging site. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Moving bags of fossil oyster shell on contributed pontoon boat (over 4,000 bags total) for restoration 
projects (TNC-NOAA and NACo. supported) in Clam Bayou near culverts added to enhance flow in the bayou. 
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Figure 6. Loading fossil oyster shell bags onto a contributed pontoon boat for restoration projects  
(TNC-NOAA and NACo. supported) in Clam Bayou. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7.  Deploying fossil oyster shell bags from pontoon boat for restoration projects  
(TNC-NOAA and NACo. supported) in Clam Bayou. 
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Figure 8.  Mapping planted reefs of fossil oyster shell bags (TNC-NOAA and NACo. supported)  
in Clam Bayou with Trimble GPS. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 9.  Planted reefs of fossil oyster shell bags (TNC-NOAA and NACo. supported) in Clam Bayou submerged. 

 



14 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10.  Natural oyster (Crassostrea virginica) reefs in Clam Bayou during emergence. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 11.  Filling recruitment trays with fossil shell (TNC-NOAA and NACo. supported) for oyster recruitment and 

related resident associates in Clam Bayou and other reference sites (see map below). 
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Figure 12A & B.  Deploying recruitment trays filled with fossil shell (TNC-NOAA and NACo. supported) for oyster 
recruitment and related resident associates in Clam Bayou and other reference sites (see map below).  Trays held in 

place with two pieces of “candy-cane” shaped rebar. 
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Figure 13.  Deployed recruitment trays filled with fossil shell (TNC-NOAA and NACo. supported) for oyster recruitment  
and related resident associates in Clam Bayou and other reference sites (see maps below and above). 
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Figure 14.  Deployed recruitment trays filled with fossil shell (TNC-NOAA and NACo. supported) for oyster recruitment  

and related resident associates in Clam Bayou detail of Figure 13.
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Figure 15.  Initial reef footprints for TNC-NOAA and NACo. Supported restoration projects in Clam Bayou.   

Areas and perimeters shown by reef (see above for recruitment trays in Clam Bayou).  Remeasured in August 2010. 
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