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Description of the region
Apalachicola Bay is the largest of several estuarine 

systems in the panhandle region of northwestern Flor-
ida. It is confined hydrologically by a network of four 
barrier islands and is divided into four sections: St. Vin-
cent Sound, Apalachicola Bay proper, East Bay, and St. 
George Sound (Fig. 3.1). The system is connected to the 
Gulf of Mexico through three natural tidal inlets (Indian 
Pass, West Pass, and East Pass) and one constructed inlet 
(Sikes Cut, also called Government Cut). The bay is in 
a transition zone between diurnal tides to the west and 
semidiurnal tides to the southeast, resulting in a mixed 
tidal regime with one to five tides daily (Huang 2010, 
Oczkowski et al. 2011, Huang et al. 2015). Tides can be 
strongly affected by wind and are normally less than 1 m 
(3.3 ft) in range. Water currents are tidally driven but can 
also be strongly impacted by river discharge and winds. 
Currents generally do not exceed 1 m/s (3.3 ft/s) except 
in passes and tidal cuts. The system is wide and shallow, 
with an average depth of 2–3 m (6.5–10 ft), resulting in 
generally well-mixed and well-oxygenated waters with 
occasional stratification. Bottom types consist largely 
of sand and other soft sediments, with hard bottom in 
the form of historically extensive oyster reefs (Edmiston 
2008). Water temperature typically ranges annually from 
5–32 °C (41–90 °F). Salinity varies widely spatially and 
temporally and can range from less than 1 to 33 on the 
practical salinity scale. Overall water-quality conditions 
in Apalachicola Bay are excellent, in part because the pan-
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handle region is one of the least populated coastal areas 
in Florida (Livingston 1984, 2015, Edmiston 2008). This 
extensive estuarine system provides suitable environmen-
tal conditions and large areas of potential habitat for the 
eastern oyster, Crassostrea virginica. 

Historically, Franklin County (within which Apala-
chicola Bay lies) dominated oyster production in Florida, 
yielding more than 90% of the state’s commercial land-
ings and 10% of the oysters sold in the continental United 
States (Livingston 1984, Havens et al. 2013). The oyster 
fishery was integral to the lives of many people living 
in the Apalachicola Bay region. Before 2012, the fishery 
provided more than 2,500 jobs to nearby coastal commu-
nities, often making up to half of their revenue (Havens 
et al. 2013, Camp et al. 2015). In 2012–2013, the region’s 
oyster fishery and subtidal oyster population collapsed, 
likely as a culmination of multiple factors including low 
river flow, high predation, lack of substrate, and poor re-
cruitment (Camp et al. 2015; see below for further discus-
sion about the collapse).

Franklin County is located in the Northwest Florida 
Water Management District (NWFWMD). Apalachicola 
Bay receives most of its freshwater inflow from the Apala-
chicola River, the largest river in Florida in terms of flow. 
Average seasonal discharge rates range from 570 m3/s 
(20,000 ft³/s) in late summer and fall to 1,800 m3/s (65,000 
ft³/s) in early spring (Edmiston 2008, Huang 2010). More 
than 80% of the water in the Apalachicola River comes 
from the Chattahoochee and Flint rivers (Fig. 3.2), which 
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converge at Lake Seminole and the Jim Woodruff Dam at 
the Georgia state line to form the Apalachicola River. The 
Chipola River also provides smaller volumes of water as 
a tributary to the Apalachicola. The watershed of the 
Apalachicola–Chattahoochee–Flint (ACF) river system 
encompasses roughly 50,500 km² (20,000 mi²) in Florida, 
Georgia, and Alabama. More than 7 million people, in-
cluding many residents of Atlanta, live in the ACF water-
shed and rely on it as a major source of fresh water for 
drinking, recreation, and agriculture (Camp et al. 2015). 
The ACF river system includes 16 dams built to control 
alluvial flow and prevent flooding (la Cecilia et al. 2016). 

Because of its productivity, biodiversity, and water 
quality, Apalachicola Bay has been designated an Out-
standing Florida Water, a State Aquatic Preserve, an In-
ternational Biosphere Reserve, and a National Estuarine 
Research Reserve (NERR; Livingston 1984, Edmiston 
2008). The Apalachicola National Estuarine Research 

Reserve (ANERR), which encompasses roughly 1,000 
km² (390 mi²), spans the estuary and the lands surround-
ing the lower Apalachicola River (Fig. 3.1; FDEP 2014). 
Lands within ANERR are owned and managed by many 
partners including the Florida Fish and Wildlife Conser-
vation Commission (FWC; Apalachicola River Wildlife 
Enhancement Area), NWFWMD (Apalachicola River 
Water Management Area), U.S. Fish and Wildlife Service 
(St. Vincent National Wildlife Refuge), the Florida De-
partment of Environmental Protection’s (FDEP) Division 
of Recreation and Parks (St. George Island State Park), as 
well as FDEP’s Florida Coastal Office (Apalachicola Bay 
Aquatic Preserve, Little St. George Island).

Ecology of oysters in Apalachicola Bay
The autecology of oysters in the bay has been rea-

sonably well studied (see summaries in Livingston 1984, 

Figure 3.1. Major features of Franklin County and eastern Gulf County, including the Apalachicola Bay estuarine 
system and oyster reef areas to the west (Indian Lagoon) and east (Alligator Harbor and Ochlockonee Bay). Given 
the changes in oyster reef distribution in recent years, older maps should be interpreted with caution, as they do not 
provide information on current reef topography or live oyster populations. Oyster mapping sources for this map 
include FWC (1986), made from historical data and aerial photographs, years unknown; Twichell et al. (2007), from 
2005–2006 side-scan sonar; NWFWMD (2010) from 2009–2010 aerial photographs; ANERR (2013), from 2007 
and 2010 aerial photographs; and Grizzle et al. (2017a), from 2012 satellite imagery.
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Edmiston 2008). Spawning occurs mainly from April 
through October, typically with spring and fall peaks. 
Growth is continuous and rapid throughout the year, and 
market size (76 mm [3 in] shell height) can be reached in 
approximately 18 months (Ingle and Dawson 1953). Pri-
or to the 2012 oyster population collapse, subtidal and 
intertidal oyster reefs covered approximately 10% of the 
bay bottom (Kennedy and Sanford 1989, Edmiston 2008). 
Subtidal reefs cover much more area than those in the in-
tertidal zone; 1,600–4,000 ha (Fig. 3.3; 4,000–10,000 ac) 
of subtidal oyster bottom had been mapped or estimated 
in recent decades (Livingston 1984, Twichell et al. 2007, 
ANERR 2013), compared with approximately 80 ha 
(200 ac) of intertidal reefs mapped in 2016 (Grizzle et al. 
2017a, 2018). The intertidal reefs consist mainly of natu-
ral reefs, while the subtidal reefs consist of natural reefs 
as well as planted reefs, created to support the fishery by 
the addition of cultch (suitable substrate for settling oys-
ter larvae) including natural shell, fossil shell, lime rock, 
and other hard materials (Berrigan 1990, Edmiston 2008, 
FDACS 2015a, 2017).

Based on extensive sonar mapping and field sampling, 
Twichell et al. (2010) concluded that subtidal reefs in the 

bay began to develop on the crests of broad, flat sand bars 
around 400 BCE. Most of these were oriented perpendic-
ular to the long axis of the bay. The early reefs grew verti-
cally and migrated westward, suggesting a net westward 
transport of sediments in the bay. This model contrasts 
somewhat with reef development in the Big Bend region 
to the south, where it is thought that oyster reefs initially 
developed on nearshore limestone outcrops (Hine et al. 
1988). Core and seismic profile data indicate that oyster 
reefs were more extensive historically and have decreased 
at their edges due to fine-sediment inputs from the Apala-
chicola River (Twichell et al. 2010). The present reef size 
and other characteristics reflect changes in the original 
spatial patterns resulting from more than two millennia 
of responses to changes in climate, water quality, fresh-
water flow, and sediment inputs from both freshwater and 
marine sources and, more recently, harvest and manage-
ment practices.

Recent work has shown wide spatial variability in live 
oyster densities on both intertidal and subtidal reefs in the 
bay. From 1990 to 2015, the Florida Department of Agri-
culture and Consumer Services (FDACS) annually moni-
tored oyster density and size on selected reefs in the bay 
from which harvest typically occurred (data summarized 
in Camp et al. 2015; also see Grabowski et al. 2017). In 
2015, monitoring responsibilities shifted to FWC. From 
1990 through 2011 (before the 2012 fisheries collapse), to-
tal oyster densities fluctuated between approximately 200 
and 400 oysters/m² (19–37 oysters/ft²). Intertidal surveys 
in 2016 by Grizzle et al. (2017a, 2018) found an overall 
mean of ~400 oysters/m² (37 oysters/ft²) throughout the 
bay, but the western and eastern portions of the bay dif-
fered greatly. In the western bay, the overall mean density 
of live intertidal oysters was <50 oysters/m² (4.6 oysters/
ft²), and many of the reefs were dead. In the eastern bay, 
the average density was ~1,000 live oysters/m² (93 oysters/
ft²; Grizzle et al. 2017a, 2018). Until recently, there was 
no regular monitoring of intertidal habitats that tracked 
changes in oyster populations, so natural or anthropo-
genic changes in these ecosystems were unknown. In late 
2019, the Florida State University (FSU) Coastal and Ma-
rine Lab began mapping and monitoring intertidal pop-
ulations as part of their 5-year Apalachicola Bay System 
Initiative (ABSI, described in further detail below). 

Spatial patterns in mortality vary widely across sub-
tidal reefs in Apalachicola Bay (Berrigan 1988, Livingston 
et al. 2000, Edmiston 2008, Kimbro 2013). For example, 
Livingston et al. (2000) produced maps of oyster mortal-
ity illustrating how variations in river flow and salinity 
were related to mortality patterns across the bay in 1985 
and 1986. Under moderate river flows, oyster mortality 

Figure 3.2. Apalachicola–Chattahoochee–Flint River 
system (watershed boundary source: NERRS 2007).
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was reduced throughout the central portions of the bay. 
Under low-flow conditions, the area of high mortality in 
the outer bay increased, particularly near connections to 
the Gulf of Mexico, possibly because marine predators 
(such as some gastropods and finfish) move from the Gulf 
further into the bay system when waters are more saline. 
Conversely, high river flows, such as during heavy rain 
events, can result in essentially the opposite result with 
respect to spatial mortality patterns if salinity falls below 
the oyster’s tolerance threshold (Shumway 1996, Edmis-
ton et al. 2008). 

The impacts of storms are more complicated, howev-
er, because storm-related factors other than salinity can 
increase oyster mortality. For example, Hurricane Elena 
in 1985 produced extreme tides, strong winds, heavy rain-
fall, and high river discharges that resulted in burial by 
sediments and other physical damage to reefs in western 
St. George Sound and eastern Apalachicola Bay (Berrig-
an 1988, 1990). Oyster production in most areas of the 
bay dropped 90% following Hurricane Elena, resulting in 

closures to harvest. Recovery of recruitment and growth 
was rapid, particularly in areas where cultch had been de-
ployed to replenish lost habitat (Berrigan 1990). Edmis-
ton et al. (2008) reviewed the literature on the impacts of 
subsequent storms on oysters in the bay, emphasizing that 
the effects of sporadic events such as hurricanes can vary 
widely and involve multiple mortality factors. Thus, their 
effects are not easily predicted. 

The spatial distribution of the bay’s reefs (Figs. 3.1 
and 3.3) is a result of both natural processes and intensive 
management, which began in the late 1800s (Dugas et al. 
1997; see review in Pine et al. 2015). Among the most im-
portant of the management actions was the implementa-
tion of extensive cultch distribution programs. It was soon 
recognized that the loss of shell resulting from the har-
vest itself threatened the sustainability of oyster fisheries 
throughout Florida because it removed the hard substrate 
required for larval settlement. Cultch additions to the bay 
were first recommended around the 1880s (Whitfield and 
Beaumariage 1977). In 1913, the Florida Department of 

Figure 3.3. Extent of previously mapped natural and planted subtidal reefs and intertidal reefs in Apalachicola Bay. 
Given the changes in oyster reef distribution in recent years, such older maps should be interpreted with caution, 
as they do not provide information on current reef topography or live oyster populations. Oyster mapping sources: 
FWC (1986), made from historical data and aerial photographs, years unknown; Twichell (2007), from 2005–2006 
side-scan sonar; ANERR (2013), from 2007 and 2010 aerial photographs; Grizzle (2017a), from 2012 satellite 
imagery; and FDACS (2017), planting sites from 2015.
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Agriculture’s Shellfish Division (now within FDACS) con-
ducted the first documented cultching operation when it 
planted 15,000 barrels of shell. Cultch planting increased 
substantially around 1925 (P. Zajicek, FDACS, compila-
tion from biennial reports of the Fish Commission, Flor-
ida Department of Agriculture Shellfish Division, and 
State Board of Conservation) and became an even higher 
priority after 1949, when the Florida State Board of Con-
servation started an oyster reef restoration program in 
Apalachicola Bay. In subsequent years, however, funding 
and available cultch material varied widely (Whitfield 
and Beaumariage 1977). As of 1977, more than 4 million 
bushels of shell and rock had been used to cover nearly 
400 ha (1,000 ac) of bottom in Apalachicola Bay (Whit-
field and Beaumariage 1977), though some of the reported 

area may have included plac-
es that were cultched multiple 
times. Shell buy-back programs 
have been implemented to allow 
dealers to be paid for collected 
shell, but these programs rely 
on grants and lack permanent 
funding. Recent cultch pro-
grams have used primarily fossil 
shell or small limestone rocks 
(FDACS 2015a, 2015b, 2017). 

Oyster harvesting in 
Apalachicola Bay 

Much of the Apalachicola 
Bay system is classified by FDEP 
as Class II waters (those desig-
nated for shellfish propagation 
or harvesting) that were condi-
tionally approved or restricted 
for harvest by FDACS depend-
ing on prevailing water quality 
and seasonal closures (Fig. 3.4). 
FDACS classifies shellfish har-
vesting areas using the standards 
and requirements of the Nation-
al Shellfish Sanitation Program 
to ensure that the shellfish are 
safe for human consumption. 
Harvesting areas are classified 
as approved, conditionally ap-
proved, restricted, conditionally 
restricted or prohibited waters. 
Each classification type reflects 
the area’s suitability for shellfish 

harvesting based on fecal-coliform data and in some cases 
toxins such as heavy metals. FDACS routinely monitors 
shellfish harvesting areas for fecal-coliform bacteria from 
82 water-quality stations throughout Apalachicola Bay. 
The open or closed status of a specific shellfish harvesting 
area can be obtained from https://shellfish.fdacs.gov/seas/
seas_statusmap.htm. Maps of shellfish harvesting areas, 
aquaculture use zones, and lease areas are also available 
from https://fdacs.maps.arcgis.com/apps/webappviewer/
index.html?id=57f7d4b7d900496d99891f22681c66d0. 

Commercial landings data from 1895 through 1984 
were reported by the U.S. Fish and Wildlife Service, Flor-
ida State Board of Conservation, Florida Department of 
Natural Resources, or National Marine Fisheries Service, 
but the FWC’s Fish and Wildlife Research Institute took 

Figure 3.4. Shellfish harvesting areas in eastern Gulf County and Franklin 
County (Indian Lagoon and Apalachicola Bay were closed to wild harvest in 2020 
and will remain closed through 2025. Harvest of aquacultured oysters remains 
open year-round). Source: FDACS (2021). 

https://shellfish.fdacs.gov/seas/seas_statusmap.htm
https://shellfish.fdacs.gov/seas/seas_statusmap.htm
https://fdacs.maps.arcgis.com/apps/webappviewer/index.html?id=57f7d4b7d900496d99891f22681c66d0
https://fdacs.maps.arcgis.com/apps/webappviewer/index.html?id=57f7d4b7d900496d99891f22681c66d0
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over these responsibilities in 1985. Since 1986, FWC has 
recorded the number of trip tickets and landings via a 
mandatory reporting system (Camp et al. 2015). Earlier, 
reporting had been voluntary. Despite the mandatory sys-
tem, Havens et al. (2013) found evidence of unreported 
harvest and illegal harvest from closed areas that were 
difficult to quantify and reconcile with reported land-
ings data. Oyster harvest regulations in Apalachicola Bay 
previously included bag limits, size limits, and spatial 
closures. A five-year closure was implemented in 2020 to 

give the oyster reefs time to 
recover from continued low 
populations after the 2012 
collapse.

Oyster landings from 
Franklin County (dominated 
by Apalachicola Bay) fluc-
tuated but increased overall 
from 1950 through the early 
1980s, peaking at 3,000 met-
ric tons (6.6 million pounds) 
in 1981 (Fig. 3.5). In Septem-
ber 1985, Hurricane Elena 
caused extensive damage to 
the bay’s oyster reefs, partic-
ularly on the east end (Liv-
ingston et al. 1999). Many 
of the reefs that had been 
the most productive suffered 
high oyster mortality, loss 
of cultch, and extensive sed-
imentation (Berrigan 1990). 
The bay was closed to har-
vest for several months for 
research and distribution 
of clam shells for substrate 
(Berrigan 1990). Commer-
cial oyster harvest resumed in 
May 1986, but with restric-
tions. Landings were nearly 
an order of magnitude lower 
than the prehurricane harvest 
in 1985. Oyster populations 
recovered relatively quickly 
as a result of successful re-
cruitment, cultch distribu-
tion, and restricted harvests 
(Berrigan 1990, Livingston 
et al. 1999, Pine et al. 2015), 
but commercial harvests have 
never returned to the levels 

recorded before Hurricane Elena (Fig. 3.5).
Landings as well as estimates of catch per unit effort 

(CPUE) fluctuated but generally increased through the 
late 1980s and early 1990s (Fig. 3.6). Several hurricanes 
affected Apalachicola Bay after 1985; impacts to the oys-
ter reefs and the fishery varied depending on storm-relat-
ed physical disturbances and salinity extremes. In 1994, 
hurricanes caused record flooding in the region, resulting 
in near-freshwater conditions in the bay for almost two 
weeks. While the hurricanes had apparently not physi-

Figure 3.5. Commercial oyster landings for Franklin County and the east and west 
coasts of Florida. Oyster landings data before 1986 were collected under a voluntary 
reporting system. Data sources: 1951–1983, Florida Commercial Marine Fish 
Landings (see Appendix A); 1984–1985, Berrigan (1990); 1986–2019, FWC (2020). 

Figure 3.6. Commercial oyster landings and catch per unit effort (CPUE) data for 
Franklin County since 1986. The higher CPUE in 2019 reflects data from only 460 
trips, while the number of annual trips from 2000 through 2017 ranged from 12,700 
to 54,000. Data source: FWC (2020).
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cally damaged the reefs, the low salinity caused mortality 
of 10% to 100% (Edmiston 2008, Edmiston et al. 2008). 
Oysters at Dry Bar and St. Vincent reefs suffered particu-
larly high mortality. In 2005, Hurricane Dennis caused a 
3-m (10 ft) storm surge, but it had little impact on subtidal 
oyster reefs, as the extra water depth protected them from 
wave energy (Edmiston et al. 2008). Hurricane Katrina 
in 2005 did not have a measurable impact on the oysters, 
but hurricane winds pushed a red tide bloom into the 
bay, resulting in the closure of oyster harvesting for more 
than three months (Edmiston et al. 2008). Landings in-
creased substantially after Katrina, but CPUE began to 
show a steady decline until the most recent collapse, in 
2012. Hurricane Michael made landfall in October 2018 
as a category 5 hurricane just west of Apalachicola Bay in 
Mexico Beach. The hurricane caused a 2.1- to 2.4-m (7–8 
ft) storm surge in Apalachicola Bay (Beven et al. 2019). 
The hurricane was not noted to have been detrimental to 
oysters in the bay, although oyster populations were al-
ready low at the time of the hurricane. 

Apalachicola Bay was not directly affected by the 
Deepwater Horizon oil spill in 2010 (Grabowski et al. 
2017). The fishery remained open—unlike those in large 
areas of Texas, Louisiana, and Alabama—and the re-
sulting shortage of oysters initially led to an increase in 
oyster harvesting and prices for oysters from Apalachic-
ola Bay (Camp et al. 2015, Pine et al. 2015, Grabowski et 
al. 2017). Out of concern for possible future closures, the 
oyster harvesting season in Apalachicola Bay was opened 
early. While oyster harvesting is usually prohibited Friday 
through Sunday, harvesting was also allowed on weekends 
during that time (though no changes were made with re-
gards to size limits or daily bag limits) (FWC 2013). De-
spite the extended season, oyster landings in 2010 were 
slightly lower than those in 2009 and 2011 (Figs. 3.5 and 
3.6), perhaps in part due to declining prices or fishers 
making use of BP’s Vessels of Opportunity program for 
alternative employment (Crabbe 2010). Concern about 
the safety of post–oil spill Gulf oysters led to a decline 
in demand and oyster prices (Sumaila et al. 2012, Camp 
et al. 2015), though there has been no evidence that the 
oil spill had contaminated seafood harvested from Apala-
chicola Bay (Havens et al. 2013). 

2012–2013 collapse of the oyster fishery
Oyster landings from Apalachicola Bay began a 

marked decline in 2012, dropping from 1,378 metric tons 
(3.0 million pounds) in 2012 to only 483 metric tons (1.1 
million pounds) in 2013, followed by seven years of un-
precedented low landings (Figs. 3.5 and 3.6). Fishery-in-

dependent sampling data collected by FDACS showed a 
sharp decline in oyster density on subtidal reefs (results 
summarized in Camp et al. 2015). The density of oysters 
on subtidal reefs fell below 100 oysters/m² (9 oysters/ft²) 
during 2012 and 2013, a marked decline from 200–400 
oysters/m² (19–37 oysters/ft²) found from 1990 through 
2011. A spatially extensive sampling program conducted 
in 2016 by FWC found live oysters at only 66 of the 161 
stations sampled on mapped reefs, and the overall average 
live oyster density at those stations was only 17 oysters/m² 
(1.5 oysters/ft²). Fishery-independent sampling by FWC 
from 2015 to 2019 showed that oyster densities fluctuated 
between 0 and 156 oysters/m² (0–14 oysters/ft²). Most of 
that sampling found oyster densities below 50 oysters/m2 

(4.5 oysters/ft²) (Parker et al. 2020).
The cause of the 2012–2013 fishery collapse has been 

linked to a combination of events. The conclusions of 
Camp et al. (2015), paraphrased in the following summa-
ry, provide a plausible scenario linking five likely contrib-
uting factors: 1) low river flow led to increased salinity in 
Apalachicola Bay for a multiyear period, which caused 
2) an increase in oyster parasites, marine predators, or 
pathogens, leading to 3) increased oyster mortality, par-
ticularly among juveniles, resulting in 4) recruitment fail-
ures (over several years), possibly worsened by shell re-
moval by fishing or environmental events, finally leading 
to 5) collapse of adult oyster populations. 

Numerous studies, including those by Wilber (1992), 
Wang et al. (2008), Oczkowski et al. (2011), and Fisch and 
Pine (2016), have assessed the role of river discharge in 
the long-term dynamics of oyster harvest from the bay, 
confirming the importance of freshwater discharge to 
the ecology, production, and harvest of oysters, but also 
underscoring the complex nature of the relationship. Un-
fortunately, sufficient data to fully support factors 2 and 
3 above are not available because diseases, parasites, and 
predators were not monitored before the collapse; very 
high densities of boring sponges and predators, however, 
have been observed in the bay since the collapse (Fig. 3.7, 
Camp et al. 2015). Camp et al. (2015; also see Fisch and 
Pine 2016) also discuss research that reached similar con-
clusions for earlier fishery collapses in Apalachicola Bay 
and other parts of the state. Fisch and Pine (2016) did not 
find a significant correlation between oyster CPUE and 
river discharge between 1987 and 2013. They posit that 
this lack of a relationship may be a result of the changes 
in reporting requirements for fishery landings, the lack 
of a proportional relationship between CPUE and oyster 
populations, impacts of hurricanes, and changes in eco-
system dynamics in the bay. Overfishing is not thought to 
have directly contributed to the 2012–2013 collapse, in the 
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sense that recruitment was not limited by harvest (FWC 
2013, Pine et al. 2015), but the fishery might have exacer-
bated the collapse indirectly, through the removal of shell 
substrate (Camp et al. 2015, Pine et al. 2015).

The fishery collapse resulted in a request by the State 
of Florida for a federal fisheries disaster declaration. The 
request was granted in 2013 by the U.S. Secretary of Com-
merce, enabling the use of federal funds to support the 
community in the aftermath of the collapse (Havens et 
al. 2013). These funds, as well as funding from the Flor-
ida Department of Economic Opportunity, led to the 
Apalachicola Bay Fishery Disaster Recovery Project Plan, 
which called for restoration of oyster habitat, monitoring 
of oyster resources, vocational training for affected oyster 
fishers and their communities, and upgrades to processor 
facilities. Continuing low harvests and low oyster density 
in monitoring data led the FWC to issue an emergency or-
der in July 2020 to close the recreational and commercial 
oyster fisheries. In December 2020, commissioners voted 
unanimously to keep the fisheries closed through the end 
of 2025.

Recent research has provided new per-
spectives on the temporal and spatial dy-
namics of oyster populations in Apalachic-
ola Bay, as well as the complexity of the 
fishery and its importance to the region’s 
economy and communities. Fisch and Pine 
(2016) focused on the complexities of the 
relationship between freshwater discharge 
and oyster landings. Camp et al. (2015) and 
Pine et al. (2015) explored the relationship 
between ecological and social issues, focus-
ing on management strategies that should 
be considered to enhance resiliency in the 
fishery. Kimbro et al. (2017) and Pusack et 
al. (2018) demonstrated the potential im-
portance of predation as related to fresh-
water discharges to the bay in oyster popu-
lation dynamics. 

Legal battles over water rights have 
been ongoing between the states of Flori-
da, Alabama, and Georgia since the 1980s. 
After the 2012–2013 collapse, the State of 
Florida sought to have the U.S. Supreme 
Court apportion water rights in the ACF 
watershed. The State of Florida argued that 
Georgia’s water policies negatively affected 
Apalachicola’s oyster fishery, resulting in 
the collapse of the oyster population and 
the loss of many of the ecosystem services 
that oysters provide. Florida stated its con-

cern that upstream water use will continue to increase as 
urban and agricultural demands for water grow in Geor-
gia, inhibiting the recovery of the fishery. In 2014, the U.S. 
Supreme Court agreed to hear State of Florida v. State of 
Georgia over the appropriation of water from the ACF 
basin. In 2017, the court-appointed special master recom-
mended that the court side with Georgia because Florida 
had failed to prove that a water-consumption cap could 
have averted the fishery collapse (Lancaster 2017). In June 
2018, however, the court declared that the special master 
had applied too strict a standard in requiring Florida to 
prove its case and ordered reconsideration of the case 
(Florida v. Georgia 2018, Pittman 2018). The new special 
master released a report in favor of Georgia in Decem-
ber 2019 (Kelly 2019, Fowler 2020). In April 2021, the Su-
preme Court dismissed the case, stating that Florida had 
not provided sufficient evidence to show that the oyster 
fishery collapse was caused by overconsumption of water 
by Georgia (Florida v. Georgia 2021).

Little research has dealt with the substantial ecosys-
tem services such as habitat provision for reef-associated 

Figure 3.7. Oyster drills (Stramonita haemastoma), 3–6 cm (1–2 in.) 
long, and their egg cases crowd a concrete block left for one month 
to monitor oyster spat settlement in Apalachicola Bay in 2018 (photo 
credit: Nicole Martin).
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fauna, including the ecologically and economically valu-
able fish and invertebrate species, shoreline protection, 
and water filtration that Apalachicola Bay’s oyster reefs 
provide (Coen et al. 2007, Grabowski and Peterson 2007). 
In addition to oyster landings and economic impacts, the 
2012 fishery collapse also resulted in a loss of some por-
tion of these ecosystem services. The collapse thus had 
ecological as well as economic and social effects. In their 
assessment of long-term changes in water filtration by 
oyster reefs in 13 estuaries in North America, zu Ermgas-
sen et al. (2013) found that only Apalachicola Bay showed 
an increase in filtration capacity. Their assessment, how-
ever, was based on 1990–2010 data, collected before the 
2012 collapse (see Table 1 in zu Ermgassen et al. 2013). 
It is reasonable to assume that other ecosystem services 
provided by the bay’s oyster reefs have also greatly dimin-
ished since 2012, but this research has yet to be addressed. 

Finally, a recent result of the Apalachicola Bay oyster 
fishery collapse is increased harvests in the Big Bend re-
gion of Florida. In 2016, yields from the Big Bend equaled 
those from Apalachicola Bay (FWC 2020). In 2017, com-
mercial oyster landings for the Big Bend increased to 219 
metric tons (483,000 pounds), surpassing the Franklin 
County yield of 122 metric tons (268,000 pounds; FWC 
2020). Oyster landings for the Big Bend in 2018 and 2019 
continued to surpass yields in Franklin County (FWC 
2020). There has also been an expansion of interest in 
off-bottom oyster aquaculture in Franklin County, in 
which oysters are grown in cages suspended in the water 
column, where they are safer from some predators and 
less vulnerable to sedimentation or hypoxia (Reiley 2018). 

This shift is similar to changes occurring in other estuar-
ies, where traditional oyster fisheries that have failed or 
become greatly diminished are being supplemented with 
aquacultural practices. As of January 2021, FDACS was 
administering 56 shellfish aquaculture leases in Apala-
chicola Bay (49 water-column and 7 in-perpetuity bottom 
leases). This includes a high-density lease area, known as 
an aquaculture use zone, on the western end of Apala-
chicola Bay in an area locally known as 4 Mile (38 leases). 

Indian Lagoon
Located at the westernmost edge of Apalachicola Bay, 

Indian Lagoon (Fig. 3.1) is within the borders of Gulf 
County and is not part of ANERR. The lagoon is bound-
ed by Indian Pass peninsula and opens to St. Vincent 
Sound to the east and to the Gulf of Mexico to the south-
east at Indian Pass. The lagoon is shallow with a bottom 
of fine organic sediments (FDEP 2014), and most oyster 
reefs in the lagoon are intertidal (Fig. 3.3; Grizzle et al. 
2017a). Oysters from Indian Lagoon make up most of the 
landings from Gulf County, which were at substantial lev-
els during the 1960s and 1980s but have been at record low 
levels since 1990 (Fig. 3.8). As of January 2021, FDACS 
was administering two water-column oyster aquaculture 
leases in Indian Lagoon.

Eastern Franklin County
Oyster reefs are also found in Alligator Harbor and 

Ochlockonee Bay in eastern Franklin County (Fig. 3.1). 
Alligator Harbor is a 
barrier-spit lagoon part-
ly enclosed by Alligator 
Point peninsula. It has a 
mean low-water depth 
of approximately 1.2 m 
(4 ft) (FDEP 2018). Sa-
linity is similar to that in 
the Gulf of Mexico due 
to negligible freshwater 
input. There are some 
small areas of dense 
intertidal and subtidal 
oyster reef in the east-
ern end of the harbor, 
as well as some scattered 
larger reefs and oys-
ter growth associated 
with salt marshes (Fig. 
3.1; FDNR 1986, FDEP 

Figure 3.8. Commercial oyster harvest from Gulf County (Indian Lagoon). Data 
sources: FWC (2020) and Florida Commercial Marine Fish Landings (see Appendix A).
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2018). Few data are available on the condition of these 
reefs (FDEP 2018), but they are included in FSU’s ABSI in-
tertidal monitoring effort, so information on population 
dynamics, reproduction, recruitment, and disease will be 
available in the future. Areas east of Apalachicola Bay 
are still open to standard commercial harvest limits of 
20 bags/day/vessel. Clam aquaculture was established in 
2002 in Franklin County, and off-bottom oyster aquacul-
ture was approved on leases in Alligator Harbor Aquatic 
Preserve in 2015. As of January 2021, FDACS was admin-
istering 67 shellfish (oyster and clam) aquaculture leases 
in the Alligator Harbor Aquaculture Use Zone.

The University of Florida Institute of Food and Agri-
cultural Sciences (UF/IFAS) intermittently monitored wa-
ter-quality parameters including nutrient and chlorophyll 
a concentrations and water clarity near these shellfish har-
vesting areas from 2002 through 2012; monitoring was dis-
continued in 2012 due to a lack of funding (FDEP 2018). 
FDEP’s Central Panhandle Aquatic Preserve (CPAP) re-
sumed this monitoring program in 2016. In 2019, CPAP 
also established two autonomous data-logger sites in Alli-
gator Harbor, providing continuous monitoring of select-
ed abiotic water-quality parameters at these locations.

Ochlockonee Bay receives freshwater flow from the 
Ochlockonee River. The watershed of this river covers 
6,412 km² (2,476 mi²), including parts of southern Geor-
gia and the city of Tallahassee (NWFWMD 2017). Hu-
man population in the watershed is steadily increasing, 
and with population growth come concerns for proper 
wastewater and stormwater management. Ochlockonee 
Bay includes extensive seagrass beds and coastal salt 
marshes. Salinity in the bay varies with river flow, and the 
water column is often stratified (NWFWMD 2017). Salin-
ity has remained sufficiently low in the upper half of the 
bay to protect oysters there from key predators (Kimbro 
et al. 2017). 

Threats to oysters in Apalachicola Bay
Several recent reports provide a comprehensive analy-

sis of the relationship between Apalachicola Bay’s oyster 
fishery (and, indirectly, its oyster populations) and vari-
ous environmental factors, thus providing an overview of 
threats to oysters (Camp et al. 2015, Pine et al. 2015, Fisch 
and Pine 2016, Kimbro et al. 2017, Pusack et al. 2018). 
From those reports, five of the most important factors are 
described below (and in some cases in sections above).

•	Altered hydrology: Water withdrawals and other 
changes in the hydrology of the ACF river system rep-
resent a threat to oysters that has been at the center of 
debate and litigation for decades. A network of dams in 

the ACF river system alters freshwater flow rates, sedi-
ment delivery, and erosion patterns for the Apalachicola 
River and Bay. When this altered hydrology is coupled 
with low precipitation and urban and agricultural de-
mand for fresh water, the resulting low freshwater flow 
and high salinity make oysters more vulnerable to der-
mo (a disease caused by the protist Perkinsus marinus), 
and high salinities increase incidence of predators such 
as the stone crab (Menippe mercenaria) and southern 
oyster drill (Stramonita haemastoma) (Livingston et al. 
2000, Kimbro et al. 2017, Pusack et al. 2018). 

•	 Parasites: In addition to predators and dermo infec-
tions, oysters must also cope with parasites such as the 
boring sponge, boring clam, and polychaetes. These 
parasites damage the oysters’ shells, which provides 
access to pathogens, possibly resulting in death. Weak-
ened shells also leave oysters more vulnerable to preda-
tors (Havens et al. 2013).

•	 Sea-level rise: The combined impacts of decreasing 
freshwater inflow and rising sea level will undoubtedly 
lead to more frequent instances of high salinity in the 
region. Even with modest increases in sea level, more 
saline water will enter the bay through East Pass, which 
will push river discharge toward the west with tidal 
currents (Huang et al. 2015). Cat Point is expected to 
experience greater increases in salinity than is Dry Bar, 
as freshwater flowing from the Apalachicola River is 
pushed westward, toward Dry Bar (Huang et al. 2015). 
While most oysters in Apalachicola Bay are subtidal, 
the intertidal oysters will face increased submergence 
times as a result of sea-level rise. Solomon et al. (2014) 
found that shell height and recruitment are greatest 
at high rates of submergence for intertidal oysters in 
Apalachicola Bay. However, these submerged-reef el-
evations also had the highest rates of sedimentation, 
which can smother reefs. Whether intertidal habitats 
become buried or submerged or remain intertidal will 
depend greatly on the oyster population dynamics and 
shell budget of the reef (Waldbusser et al. 2013, Rodri-
guez et al. 2014). 

•	Hurricanes and tropical storms: Hurricanes can neg-
atively impact oysters and may cause erosion of reef 
substrate, sedimentation and burial of reefs, and ex-
treme salinity changes (Edmiston et al. 2008). Hurri-
canes also redistribute shell off the reef, where it can be 
buried and lost in fine-grained sediments (Twichell et 
al. 2010). Storms often bring heightened pollutant and 
nutrient loads with terrestrial runoff, which can feed 
algal blooms (including red tide) and lead to hypoxia 
(Edmiston et al. 2008). 
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•	Harvesting: The effect of harvest on a fishery is gen-
erally assessed by its impact on reproductive potential 
and recruitment. Pine et al. (2015) found that decline in 
the oyster population of Apalachicola Bay was linked 
to high juvenile mortality rather than to lack of recruit-
ment due to harvesting. According to FWC fishing reg-
ulations, no more than 5% of harvested, unattached 
oysters may be undersize and no more than 15% of 
attached oysters may be undersize (FWC 2021). Under-
size oysters must be culled immediately and returned to 
the reef from which they were harvested. If these limits 
are not honored or enforced and too many undersize 
oysters are harvested, it can drive down the size of indi-
viduals in a population. Since oysters are protandrous 
sequential hermaphrodites (adults change from male to 
female; Thompson et al. 1996), removing sublegal an-
imals could reduce the number and size of females in 
the population. Finally, removal of shell substrate faster 
than the oysters can replace it can result in substrate 
limitation, a significant cause of poor recruitment. 
Fishing without shell replacement (as well as illegal 
fishing not complying with regulations) greatly reduces 
the chance that populations will recover (Havens et al. 
2013). 

Oyster reef mapping and monitoring efforts

Historical oyster mapping
Oyster maps for Apalachicola Bay date to the work of 

Franklin Swift, who conducted a comprehensive survey in 
1895–1896 for the U.S. Commission of Fish and Fisher-
ies and published a detailed map based on 75,000 manu-
al sounding points (Swift 1897). This map represents the 
modern starting point for the knowledge of the distribu-
tion of natural reefs in the bay before the start of exten-
sive cultch-planting programs.

U.S. Geological Survey geophysical mapping of 
subtidal oysters

Following Swift (1897), another comprehensive sur-
vey of Apalachicola’s subtidal reefs did not occur until 
2005–2006, when the U.S. Geological Survey used inter-
ferometric multibeam bathymetry, side-scan sonar, and 
seismic-reflection techniques to create detailed maps of 
oyster reefs (Fig. 3.9; Twichell et al. 2007). Data were col-
lected using an outboard-propelled boat, which was used 
to survey depths greater than 2 m (6.5 ft); an autonomous 

Figure 3.9. Composite map of the surficial geology of Apalachicola Bay using 2005–2006 sonar-based 
mapping (figure from Twichell et al. 2007).
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surface vehicle was used to survey depths between 0.75 
and 2 m (2.5–6.5 ft). Approximately one-third of the to-
tal bottom area of the bay was not surveyed due to very 
shallow or very deep water, and they did not survey St. 
Vincent Sound. This effort characterized the relationship 
between oyster reefs, bay floor morphology, and how the 
reefs likely developed in the long term (Twichell et al. 2010; 
see discussion in Ecology section above). Shapefiles from 
these surveys are available for download at https://cata-
log.data.gov/dataset/benthic-habitats-and-surficial-geol-
ogy-of-apalachicola-bay-florida-2006-geodatabase.

FDACS compilation
The FDACS Division of Aquaculture compiled map-

ping data from Twichell et al. (2007) with information 
on cultch locations (Fig. 3.10). The reefs shown on the 
FDACS map are mainly subtidal, though some of the 
nearshore reefs are likely intertidal. This map is likely 
the most comprehensive map available that differentiates 
between natural and constructed or restored oyster reefs 

in the bay. The FDACS compilation and Twichell et al. 
(2007) focus on subtidal oyster reefs (Figs. 3.9–3.10) and 
provide only spatial data (i.e., no information on oyster 
reef condition is indicated or implied). 

Intertidal reef mapping by the University of New 
Hampshire and The Nature Conservancy

Until recently, intertidal oyster reefs in Apalachicola 
Bay were largely neglected in most mapping efforts, be-
cause subtidal reefs were more abundant and were the 
target of harvesting. The University of New Hampshire 
(UNH) and The Nature Conservancy (TNC) developed 
new maps in 2017 for oyster reefs in Apalachicola Bay and 
assessed the potential of high-resolution satellite imagery 
for mapping and monitoring (Grizzle et al. 2017a, 2018). 
The project used both high-resolution GeoEye satellite 
imagery from Grizzle et al. (2015) and ground truthing 
to assess the position and size of oyster reefs. One hun-
dred reefs were sampled, and oyster density was analyzed. 
This study concluded that most of the oyster reefs on the 

Figure 3.10. Composite map from FDACS showing natural reefs and cultching plantsites in Apalachicola Bay.

https://catalog.data.gov/dataset/benthic-habitats-and-surficial-geology-of-apalachicola-bay-florida-2006-geodatabase
https://catalog.data.gov/dataset/benthic-habitats-and-surficial-geology-of-apalachicola-bay-florida-2006-geodatabase
https://catalog.data.gov/dataset/benthic-habitats-and-surficial-geology-of-apalachicola-bay-florida-2006-geodatabase
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western side of the bay consisted of dead shells, indicative 
of a recent mass mortality, with little recent recruitment. 
Ground truthing indicated a classification accuracy of 
77–97% in the interpretation of satellite imagery. A total 
of 777 reefs were mapped, covering 78.5 ha (194 ac) of 
bay bottom. 

Figure 3.11 is a composite map that combines most 
of the data from the subtidal maps mentioned above with 
the intertidal oyster reefs mapped by Grizzle et al. 2017a. 
This compilation and the FWC compilation (Fig. 3.1 and 
discussed below) represent the most comprehensive maps 
available showing the shape, size, and location of the 
major oyster reefs in Apalachicola Bay. Spatially detailed 
data are available on the condition of subtidal reefs, and 
some information is available on intertidal reefs mapped 
by the University of Central Florida (UCF) and UNH (see 
data in Grizzle et al. 2015, 2017a, 2017b, 2018) and sub-
tidal reefs (Grizzle et al. 2020). 

Intertidal reef mapping by the University of 
Central Florida

Researchers from UCF (Melinda Donnelly, Linda 
Walters, Stephanie Garvis, and Joshua Solomon) used 
Landsat imagery from 2012 (USGS) of Apalachicola Bay 
to map locations of intertidal oyster reefs. After initial 
mapping, ground truthing was used to evaluate the ac-
curacy of the imagery interpretation. Field observations 
were conducted at 100 random locations (50 oyster, 50 
nonoyster) in summer 2013 (96% accuracy). A total of 
603 intertidal reefs were identified, covering approxi-
mately 80 ha (198 ac); the majority of intertidal reefs 
were found near natural shorelines on lands managed 
by St. George Island State Park and St. Vincent National 
Wildlife Refuge. Mapping was supported by a grant from 
the National Oceanic and Atmospheric Administration 
(NOAA). Shapefiles are available by contacting Melinda 
Donnelly (Melinda.Donnelly@ucf.edu). 

Figure 3.11. Composite map of intertidal and subtidal oyster reefs. UNH 2014 intertidal oyster reefs were 
mapped using 2012 satellite imagery (Grizzle et al. 2015, 2017a); FFWCC (FWC) 2009 layer compiled data 
from Twichell (2007) and historical data; Apalachicola NERR/FDEP data set from 2007 and 2010 aerial 
photographs and historical data sets (ANERR 2013). Figure from Grizzle 2017a. 

mailto:Melinda.Donnelly@ucf.edu
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Northwest Florida Water Management District 
oyster mapping

The most recent NWFWMD land-use/land-cover 
(LULC) map that included a separate oyster reef lay-
er is from 2009–2010 (NWFWMD 2010). Oysters were 
mapped following the Florida Land Use and Cover Clas-
sification System (FLUCCS), which included a category 
for oyster bars (FLUCCS 6540; FDOT 1999). Mapped 
oyster reefs in Gulf and Franklin counties included in-
tertidal oysters in Indian Lagoon, Alligator Harbor, and 
Ochlockonee Bay (Fig. 3.1). While NWFWMD LULC 
maps from 2012–2013 are available, oyster bars were not 
mapped in those years. NWFWMD shapefiles are avail-
able for download at http://www.fgdl.org/metadataex-
plorer/explorer.jsp.

Apalachicola National Estuarine Research 
Reserve mapping and monitoring

ANERR mapped land cover and benthic cover in the 
reserve using high-resolution imagery from 2007 and 2010 
(ANERR 2013). The minimum mapping unit was 0.02 
ha (0.05 ac). Subtidal oyster reef extent was compiled by 
Twichell et al. (2007), and a lower-resolution data set of 
benthic communities was compiled using infrared photo-
graphs by the GIS group at FWC’s Florida Marine Re-
search Institute (since renamed Fish and Wildlife Research 
Institute) (FWC 1986). The ANERR shapefile is available 
from http://cdmo.baruch.sc.edu/get/gis_index.cfm. 

Monitoring within ANERR includes its System-Wide 
Monitoring Program, which began in 1992 and monitors 
water quality at Cat Point, East Bay, and Dry Bar in a 
study of the effects of changing river flow on the environ-
mental variables at those sites. More water quality sta-
tions were added at Pilot’s Cove in 2015, Little St. Marks 
in 2016, and the East River in 2020. Since 2002, sampling 
for nutrient and chlorophyll a concentrations has been 
conducted monthly at 11 sites throughout the bay, Apala-
chicola River, and offshore. ANERR also has a weather 
station that has collected meteorological data in East Bay 
since 1999. All these data are available at http://cdmo.ba-
ruch.sc.edu/.

 ANERR has also collaborated with multiple research-
ers for large-scale studies of oyster populations in relation 
to physical parameters within Apalachicola Bay. Petes et 
al. (2012) examined oyster mortality in relation to salini-
ty, temperature, and presence of dermo. They found that 
oysters suffered more disease-related mortality in high-sa-
linity conditions, especially during warmer months, and 
that vulnerability was size specific; larger oysters were the 

most susceptible. Kimbro et al. (2017) studied the effects 
of salinity on predation rates by the oyster drill on oysters 
in Apalachicola Bay; Pusack et al. (2018) further studied 
the impacts of predator density on predation rates. Kim-
bro et al. (2020) studied restoration success in relation to 
habitat structure and predation.

Environmental Sensitivity Index maps 
Environmental Sensitivity Index (ESI) maps depict 

coastal-zone natural resources and are designed for use in 
damage evaluation, prevention, and clean-up for oil spills. 
Areas are mapped on a scale of sensitivity based on poten-
tial exposure, biological productivity, and ease of cleanup. 
ESI maps depict the locations of oysters and several other 
shellfish species in low, medium, and high concentrations. 
These concentration categories are subjective and based 
on the opinion of local experts. Oyster mapping data 
for northwest Florida were published in 1995 (RPI 1995). 
More information and ESI mapping data can be found at 
http://ocean.floridamarine.org/esimaps/. 

FWC oyster map compilation
FWC has compiled many of the maps described above 

to create a comprehensive oyster map for Apalachicola 
Bay (e.g., Fig. 3.1). Data sets include those from FWC 
(1986), Twichell (2007), NWFWMD (2010), ANERR 
(2013), and Grizzle (2017a). The compilation is available 
for download at http://geodata.myfwc.com/datasets/
oyster-beds-in-florida.

Apalachicola Bay System Initiative
FSU’s ABSI program has multiple scientific objec-

tives including mapping and monitoring of intertidal and 
subtidal habitats, researching the reasons that the oys-
ter populations have not recovered after the 2012–2013 
fishery collapse, and creating decision-support tools 
that resource managers can use to develop science-based 
management and restoration plans. Franklin County in-
tertidal oyster areas were mapped in 2020 by the Duke 
University Marine Robotics and Remote Sensing Lab 
using its quad-copter drone. Image mosaics and digital 
terrain models were produced for Indian Lagoon, East 
Cove, the Carrabelle River, the FSU Coastal and Marine 
Laboratory, and Alligator Harbor. These data were used 
to identify five long-term intertidal monitoring sites in 
each area and an additional series of sites that are used 
for random sampling in the spring (after first recruitment) 
and fall (after second recruitment peak). Five quadrats 

http://www.fgdl.org/metadataexplorer/explorer.jsp
http://www.fgdl.org/metadataexplorer/explorer.jsp
http://cdmo.baruch.sc.edu/get/gis_index.cfm
http://cdmo.baruch.sc.edu/
http://cdmo.baruch.sc.edu/
http://ocean.floridamarine.org/esimaps/
http://geodata.myfwc.com/datasets/oyster-beds-in-florida
http://geodata.myfwc.com/datasets/oyster-beds-in-florida
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(0.25 m²) are haphazardly deployed and their contents re-
moved for assessment of live and dead adults, juveniles, 
predators, disease, reproduction, and condition index. 
Monthly surveys include subsampling 10 animals from 
each of five quadrats at each site for analysis of condition 
index, reproduction, and disease. These methods follow 
FWC’s protocol for subtidal sampling, so ABSI intertidal 
data can be readily compared with FWC’s subtidal data. 
ABSI is also developing procedures for the use of drones 
to perform periodic surveys of intertidal habitats for as-
sessment of live oyster density and distribution. 

To gain a broader perspective on habitat type and as-
sociated oyster populations, ABSI began working with a 
local oysterman to sample subtidal habitats using tongs. 
These surveys collect six tong samples per site and mea-
sure volumes of total material, rock, shell, and oysters. 
Boxes (recently dead oysters with intact shells) and pred-
ators are counted and live oysters are classified by size. 
From these surveys it has become clear that reef habitat is 
severely depleted, and only a few areas seem to have suf-
ficient habitat to support a significant oyster population. 
The ABSI will supplement subtidal mapping by FWC and 
UNH by identifying smaller high-value target areas for 
high-resolution topographic and subtidal mapping. Un-
derstanding how habitat topography has changed since 
the fishery collapse will inform restoration efforts.

Modeling efforts in Apalachicola Bay
A series of studies have been published concerning the 

modeling of multiple abiotic parameters in Apalachicola 
Bay. Several directly relate their findings to the oyster pop-
ulation. Models include oyster population as a function 
of freshwater input (Livingston et al. 2000), wind effects 
on salinity (Huang et al. 2002), impacts of sea-level rise 
on salinity (Huang et al. 2014), oyster growth rate as a 
function of hydrodynamic models (Wang et al. 2008), 
and impacts of sea-level rise on salinity and oyster growth 
(Huang et al. 2015). Singh et al. (2015) modeled the im-
pact of climate variability on baseline flow in the ACF 
river basin. 

ABSI also has several hydrodynamic modeling com-
ponents, which will combine to provide information on 
the interaction of river discharge and water flowing into 
the bay from the Gulf of Mexico. The high-resolution 
model will be used to identify larval dispersal patterns 
in the system under different scenarios and can aid resto-
ration planning. To assist the modeling efforts, seven ad-
ditional data loggers have been deployed in the ABSI area 
to augment those deployed by ANERR. These are located 
near the passes (Indian Lagoon, West Pass, Sikes Cut, and 

East Pass), the miles (between St. Vincent Island and the 
mainland) and in areas to the east of the St George Is-
land Causeway. A habitat-suitability model for oysters in 
the ABSI area is also being developed in concert with the 
mapping and hydrodynamic models. 

A modeling effort by UF, funded for 2021 through 
2023, is focused on assessing oyster population dynamics 
and fishery stock assessments, valuation of oyster eco-
nomic aspects, and efficacy of alternative management 
strategies. The population modeling is intended to pro-
vide the best possible assessment of the state of the oyster 
population in Apalachicola Bay. The modeling will seek 
to place the current stock biomass and recent fishing in 
historical context and to infer the effect of fishing on past 
and future population dynamics via stock assessment. 
Simulation models based on the assessment model will 
be used to evaluate alternative management strategies, 
including fishery regulations and restoration actions. All 
work is being developed in cooperation with ABSI and 
conducted in coordination with FWC. Contact Ed Camp, 
edvcamp@ufl.edu, for further information. 

Fishery Disaster Recovery Project
The initial efforts for the recovery of Apalachicola Bay 

following the collapse of the oyster fishery in 2012–2013 
were a collaboration between the Florida Department 
of Economic Opportunity, FDACS, FDEP, and FWC. In 
2015, FWC assumed responsibility for the twice-a-year 
oyster density and size monitoring that had been carried 
out by FDACS since 1990. The monitoring component in-
cluded pre– and post–commercial season surveys of oys-
ter density at 15 oyster reefs located throughout the bay. 
In addition, monthly measures of larval settlement rates 
were recorded at those reefs. The monitoring component 
also included a fishery-independent survey of oysters 
throughout Apalachicola Bay (mentioned in the Ecology 
section). Survey locations were randomly selected from 
areas deemed likely oyster habitat based on shapefiles 
and data sets. A total of 161 stations were sampled, and 
results indicate that many areas considered potential oys-
ter habitat have experienced substantial loss of settlement 
substrate. Funding for this project ended in 2020, and 
summary results can be found in the project’s final report 
(Parker et al. 2020). FWC will continue to carry out semi-
annual surveys of oyster densities from these locations as 
a part of state-funded population monitoring and will 
continue monitoring larval settlement rates as part of 
Apalachicola Bay Oyster Reef Restoration Phase II (both 
described below).

mailto:edvcamp@ufl.edu
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FWC oyster population monitoring 
In July 2015, the State of Florida provided funding 

for establishment of an annual monitoring program for 
Apalachicola’s commercially fished oyster reefs for fish-
ery-management purposes. The FWC program conducts 
monthly measures of oyster condition, dermo prevalence 
and intensity, reproductive development, and incidence 
and severity of shell pest infestations. The FWC program 
will continue to conduct the twice-a-year surveys of oys-
ter density previously funded by the Fishery Disaster Re-
covery Project, as described above. 

Apalachicola Bay restoration mapping and 
monitoring

Many cultch plantings have taken place in Apalachic-
ola since 2013 (Fig. 3.10). Several of these cultch plantings 
have been subsequently mapped or monitored by various 
agencies.

•	Natural Resource Damage Assessment (NRDA) 
cultch planting and monitoring: One such 
cultch-placement project was funded by a Gulf Coast 
Ecosystem Restoration Council grant (GCERC 2016) 
and is a continuation of a Deepwater Horizon NRDA 
Phase III Early Restoration project and National Fish 
and Wildlife Foundation (NFWF) project. The project 
involved the placement of suitable cultch on depleted 
oyster reefs to promote oyster colonization. The co-
ordinates and description of these restoration efforts 
can be found in the project report (FDACS 2017). Ap-
proximately 19,000 m³ (24,840 yd³) of fossilized oyster 
shell were deposited on an estimated 50 ha (124 ac) of 
depleted oyster reefs in Apalachicola Bay in fall 2015 
(FDACS 2017). Site selection and cultch placement were 
coordinated through FDACS. FDEP is monitoring the 
success of this restoration effort. 

•	Apalachicola Bay Oyster Restoration Project: This 
cultch-restoration project extended from 2014 through 
2021 and was funded by oil-spill reparation funding 
through the NFWF. It was a collaboration between 
FWC, UF, FDACS, and UNH. The initial component 
of the project was overseen by FDACS and involved the 
placement of fossil shell at three experimental sites in 
Apalachicola Bay in 2015. At each of those experimen-
tal sites five 2-ac parcels were delineated and cultched at 
different shell densities (0, 100, 200, 300, and 400 yd³/ac) 
to identify optimal shell density for future restoration 
efforts. The coordinates and description of cultching 
efforts can be found in FDACS’s final report summa-
rizing its component of the project (FDACS 2015b). In 

2016, UNH and Substructure Inc. conducted acoustic 
mapping and ground truthing of the experimental sites 
(Grizzle et al. 2017b). From 2015 through 2019, UF 
monitored oyster health and condition. Details and re-
sults of the oyster health monitoring can be found in 
UF’s final report (Kane and Lindsay 2019). FWC moni-
tored oyster and predator densities as well as oyster size 
distribution on each of the parcels from 2015 through 
2019 (Parker and Davis 2019).

•	 Shell-budget model development: In 2019, FWC be-
gan developing a sampling protocol and collecting 
data for a shell-budget model in cooperation with the 
University of New Orleans as part of the Gulf-wide 
Saltonstall-Kennedy Grant Program. This approach 
uses a model to gauge the impact of multiple variables 
on changes in the amount of shell on oyster reefs. Other 
Gulf states have begun to use their own similar models 
as valuable tools for managing their oyster fisheries. Ini-
tial model simulations indicate that net shell gains on 
oyster reefs in Apalachicola Bay are not possible with-
out cultch placement (Soniat 2020). To assist with the 
development of a shell-budget model, UNH and Sub-
structure Inc. conducted acoustic mapping and ground 
truthing of about 650 ha (1,600 ac) in the central por-
tion of the bay and identified candidate areas for resto-
ration (Fig. 3.12; Grizzle et al. 2020). FWC selected six 
0.2-ha (0.6-ac) areas near monitoring sites for mid-2021 
cultch placement. FWC will continue to monitor these 
sites through the end of 2025 as a part of the Apala-
chicola Bay Oyster Reef Restoration Phase II project 
described below.

•	Apalachicola Bay Oyster Reef Restoration Phase 
II: The most recent cultch-restoration project, funded 
by NFWF, was initiated in 2020 and is funded through 
the end of 2025. The project aims to restore as much 
as 400 ha (1,000 ac) of oyster reef in the bay. Initial 
mapping and ground truthing implemented to identi-
fy possible restoration sites were carried out from Jan-
uary through May 2021 and covered an area of more 
than 2,400 ha (6,000 ac) by UNH and Substructure Inc. 
FWC is conducting quarterly monitoring on oyster 
and predator density on selected areas before and after 
cultch placement. FWC is also continuing the month-
ly larval recruitment monitoring that began as a part 
of the Fishery Disaster Recovery Project (see above) 
and is monitoring sedimentation rates in six locations 
throughout the bay. FWC is working with stakeholders 
to inform cultch-placement efforts and to work toward 
a revised fishery-management plan in anticipation of 
the fishery’s reopening (Estes 2020). 
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•	Habitat structure and restoration success study: In 
a separate study on cultched oyster reefs, Kimbro et 
al. (2020) monitored oyster size and survival on three 
0.4 ha (1 ac) reefs with either no added shell, moderate 
structure (152 m³/200 yd³ shell added), or high struc-
ture (306 m³/400 yd³ shell added). With the use of pred-
ator-exclusion cages, they found that predation was 
greatest on the reef with no added shell but similar 

between the two culched reefs. 
Oyster larval supply did not 
vary among the three reefs, but 
oyster density was higher on 
the shelled reefs. Oyster drills 
were more likely to be found 
at sites during times with high 
salinity and high temperature 
(Pusak et al. 2019). 

Disease monitoring
The prevalence and inten-

sity of dermo in the eastern 
oyster were monitored from 
2005 to 2015 in several loca-
tions in Apalachicola Bay by 
the Oyster Sentinel, estab-
lished by Thomas Soniat at 
the University of New Orle-
ans. Monitoring locations and 
data are available from https://
oystersentinel.cs.uno.edu/. 
Monitoring included water 
temperature and salinity. At 
present, dermo is being mon-
itored in intertidal habitats by 
the ABSI group and in subtidal 
habitats by FWC. 

Contaminant monitoring
Oyster samples from Cat 

Point Bar and Dry Bar in 
Apalachicola Bay are includ-
ed in NOAA’s Mussel Watch 
program, which monitors 
sites around the United States 
for organic and inorganic 
pollutants. Data are available 
from https://products.coastal-
science.noaa.gov/collections/
ltmonitoring/nsandt/default.

aspx. Oysters from Apalachicola Bay contained moder-
ate levels of arsenic and mercury (Kimbrough et al. 2008). 
The ABSI project is collaborating with scientists at Flor-
ida Agricultural and Mechanical University to assess lev-
els of organic pesticides and heavy metals at 12 stations 
in the Apalachicola Bay and River, and a time series of 
contamination will be created using three sediment cores 
taken in the main basin. 

Figure 3.12. Primary survey area in Apalachicola Bay (A) and acoustic survey 
results showing depth at low water (blue color indicates a depth of ~3 m, red 
indicates a depth of ~1 m) with ground-truthing sites shown in color-coded circles 
(B). Figure from Grizzle et al. (2020).

https://oystersentinel.cs.uno.edu/
https://oystersentinel.cs.uno.edu/
https://products.coastalscience.noaa.gov/collections/ltmonitoring/nsandt/default.aspx
https://products.coastalscience.noaa.gov/collections/ltmonitoring/nsandt/default.aspx
https://products.coastalscience.noaa.gov/collections/ltmonitoring/nsandt/default.aspx
https://products.coastalscience.noaa.gov/collections/ltmonitoring/nsandt/default.aspx
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Recommendations for mapping, monitoring 
and management
•	Conduct periodic and extensive mapping of subtidal 

and intertidal reefs that is practical, sustainable, and 
coordinated in both project design and areal cover-
age. Portions of intertidal and subtidal reefs have been 
mapped recently, as funding has allowed, as separate 
studies following project-specific protocols. 

•	Monitor the condition of the bay’s oyster reefs, includ-
ing reefs harvested before closure and those that were 
not traditionally harvested. The resulting data should 
be coupled with mapping programs and environmental 
data to improve understanding of spatial and ecologi-
cal relationships between the bay’s oyster reefs and en-
vironmental variability.

•	Continue research to support development of a sci-
ence-based and stakeholder-supported oyster habitat 
restoration plan. Ongoing research is aimed at assess-
ing optimal densities for deployment of fossil shell, 
but research is also needed on where cultch should be 
placed, the types of substrate (e.g., fossil shell, recycled 
seasoned shell, other, more durable, substrates) that are 
most effective, and how to deploy the material. Con-
tinue oyster reef restoration and associated monitoring 
efforts, which help to determine where and what type 
of restoration is most effective and allow for adaptive 
managment during large-scale restoration projects. 

•	When commercial harvest reopens, better manage the 
fate of oyster shell removed during harvest. The impor-
tance of adequate hard substrate for larval settlement, 
and thus long-term sustainability of oyster reefs, has 
long been recognized (Swift 1898). Cultch-distribution 
programs have been conducted in Florida by FDACS, 
but they lack permanent funding, having to rely on 
nonrecurring grants. These programs have focused on 
Apalachicola Bay and, more recently but to a lesser 
extent, St. Andrew and Pensacola bays. While the im-
portance of cultch programs to oyster management 
has been well established (Pine et al. 2015), questions 
remain with respect to details in program design (Ha-
vens et al. 2013). 

•	 Investigate management needs and social issues related 
to salinity and minimum river-discharge requirements 
for Apalachicola Bay. Increased salinity as a result of 
reduced river discharges to the bay and sea-level rise is 
a major threat to oysters in this region, but also one of 
the most difficult to address. Although there has been a 
substantial amount of research on how oyster popula-
tions respond to increasing salinity, including research 

in Apalachicola Bay, research is also needed on how to 
address such complicated social issues from a manage-
ment perspective.

•	Continue research on the ecological role of and ser-
vices provided by oysters in Apalachicola Bay. The bay’s 
oysters have historically been managed almost entirely 
as a resource for human harvest, but oyster reefs also 
provide habitat, improve water quality through fil-
ter-feeding, and are components of the estuarine food 
web. More information is particularly needed on ways 
in which oyster harvest practices affect these ecological 
functions and on ways to optimize ecosystem function-
ality in a heavily harvested estuary.

•	 Further explore the role of oyster aquaculture in the 
bay. Oyster farming and oyster fishing are not mutual-
ly exclusive, but the tradition in Apalachicola Bay has 
historically not included aquaculture. Oyster farming 
is becoming increasingly common in other Florida es-
tuaries, such as nearby Apalachee Bay and Alligator 
Harbor (FDEP 2018; Reiley 2018). The use of Terri-
torial Use Rights for Fisheries (TURFs; Prince et al. 
1998), in which oysters are harvested from areas leased 
to individual oyster farmers rather than from com-
mon-use public reefs (Havens et al. 2013, Camp et al. 
2015), should also be explored. Individual leases help 
prevent unsustainable fishing practices and shell remov-
al, and they encourage stewardship of reefs for long-
term use, such as the distribution of cultch to replace 
lost substrate. 

•	Enhance community outreach with partnerships in re-
search, policy development, and education. The most 
effective policies will be those that result from a broad 
support base and are responsive to changes and new 
knowledge. Buy-in from all stakeholders, especially 
the fishing communities whose livelihoods have histor-
ically relied on the harvest from the oyster reefs of the 
Apalachicola Bay area, is crucial to achieving stable, 
long-term management of a healthy Apalachicola Bay 
ecosystem and fishery.

Acknowledgments
The first version of this chapter was written by Ray 

Grizzle, Melanie Parker, Anne Birch, Caitlin Snyder, Me-
gan Lamb, Emma Dontis, and Kara Radabaugh for the 
Oyster Integrated Mapping and Monitoring Report for 
the State of Florida, version 1, published in 2019. Version 
1 geographic information system (GIS) support was pro-
vided by Christi Santi. Technical review was completed 
by Caroline Gorga (version 2) and Amber Whittle and 



20	 Radabaugh, Geiger, and Moyer, editors		

William Arnold (version 1). Scientific and copy review of 
versions 1 and 2 was completed by Bland Crowder; addi-
tional copy review of Version 2 was provided by Adrienne 
Ruga. OIMMP is funded by the Florida Fish and Wild-
life Conservation Commission, Florida’s Wildlife Legacy 
Initiative, and the U.S. Fish and Wildlife Service’s funding 
support of Florida’s State Wildlife Grants Program. This 
chapter revision was funded by the Florida Department 
of Environmental Protection’s Coastal Zone Manage-
ment funds. The views, statements, findings, conclusions, 
and recommendations expressed herein are those of the 
authors and do not necessarily reflect the views of the 
State of Florida, the Florida water management districts, 
the National Oceanic and Atmospheric Administra-
tion, the U.S. Department of Commerce, or any of their 
subagencies.

Works cited
ANERR (Apalachicola National Estuarine Research 

Reserve). 2013. High-resolution land cover, 
Apalachicola Bay NERR. http://cdmo.baruch.sc.edu/
get/gis_index.cfm, accessed December 2020.

Berrigan ME. 1988. Management of oyster resources 
in Apalachicola Bay following Hurricane Elena. J 
Shellfish Res. 7:281–288.

Berrigan ME. 1990. Biological and economical 
assessment of an oyster resource development 
project in Apalachicola Bay, Florida. J Shellfish Res. 
9:149–158.

Beven JL II, Berg R, Hagen A. 2019. Hurricane Michael 
(AL142018) 7–11 October 2019. National Hurricane 
Center tropical cyclone report. Available from https://
www.nhc.noaa.gov/data/tcr/AL142018_Michael.pdf. 

Camp EV, Pine WE III, Havens K, Kane AS, et al. 2015. 
Collapse of a historic oyster fishery: diagnosing 
causes and identifying paths toward increased 
resilience. Ecol Soc. 20:45. 

Coen LD, Brumbaugh RD, Bushek D, Grizzle R, et al. 
2007. Ecosystem services related to oyster restoration. 
Mar Ecol Prog Ser. 341:303–307.

Crabbe N. 2010 July 4. Oil threatens way of life for 
oyster industry in Fla. Gainesville Sun. https://
www.gainesville.com/article/LK/20100704/
News/604155015/GS, accessed March 2021. 

Dugas RJ, Joyce EA, Berrigan ME. 1997. History and 
status of the oyster, Crassostrea virginica, and other 
molluscan fisheries of the U.S. Gulf of Mexico. 
In: MacKenzie CL, Burrell VG Jr, Rosenfield A, 
Hobart WL, editors. The history, present condition, 
and future of the molluscan fisheries of North and 

Central America and Europe. Volume 1. Atlantic and 
Gulf Coasts. Washington, DC: U.S. Department of 
Commerce, NOAA. Technical Report NMFS 127. p. 
187–210.

Edmiston HL. 2008. A river meets the bay: the 
Apalachicola River and Bay system. Apalachicola, 
FL: Florida Department of Environmental Protection, 
Apalachicola National Estuarine Research Reserve. 
Available from https://coast.noaa.gov/data/docs/
nerrs/Reserves_APA_SiteProfile.pdf. 

Edmiston HL, Fahrny SA, Lamb MS, Levi LK, et al. 
2008. Tropical storm and hurricane impacts on a 
Gulf Coast estuary: Apalachicola Bay, Florida. J 
Coast Res. 55:39–48. 

Estes J. 2020. Apalachicola Bay Oyster Reef Restoration 
- Phase II (FL) Project Description. Washington, DC: 
National Fish and Wildlife Foundation. 

Fisch NC, Pine WE III. 2016. A complex relationship 
between freshwater discharge and oyster fishery 
catch per unit effort in Apalachicola Bay, Florida: 
an evaluation from 1960 to 2013. J Shellfish Res. 
35:809–825. 

FDACS (Florida Department of Agriculture and 
Consumer Services). 2015a. Natural Resources 
Damage Assessment: oyster reef restoration in 
Apalachicola Bay: purchase and placement of oyster 
cultch material. Tallahassee, FL: FDACS, Division of 
Aquaculture. 

FDACS (Florida Department of Agriculture and 
Consumer Services). 2015b. Apalachicola Bay Oyster 
Restoration (FL), NFWF shell planting density study. 
Tallahassee, FL: FDACS. National Fish and Wildlife 
Foundation grant final report.

FDACS (Florida Department of Agriculture and 
Consumer Services). 2017. Gulf Coast Ecosystem 
Restoration Council grant, oyster reef restoration 
in the Apalachicola Bay system, oyster cultch 
deposition. Tallahassee, FL: FDACS. https://pub-data.
diver.orr.noaa.gov/restoration/NRDA%20FL%20
Oyster%20Cultch%20Monitoring%20Report%20
2017, accessed December 2020.

FDACS (Florida Department of Agriculture 
and Consumer Services). 2021. Division 
of Aquaculture GIS. https://fdacs.maps.
arcgis.com/apps/webappviewer/index.
html?id=57f7d4b7d900496d99891f22681c66d0, 
accessed March 2021. 

FDEP (Florida Department of Environmental 
Protection). 2014. Apalachicola National Estuarine 
Research Reserve management plan. Tallahassee, 
FL: FDEP, Coastal and Aquatic Managed Areas. 

http://cdmo.baruch.sc.edu/get/gis_index.cfm
http://cdmo.baruch.sc.edu/get/gis_index.cfm
https://www.nhc.noaa.gov/data/tcr/AL142018_Michael.pdf
https://www.nhc.noaa.gov/data/tcr/AL142018_Michael.pdf
https://www.gainesville.com/article/LK/20100704/News/604155015/GS
https://www.gainesville.com/article/LK/20100704/News/604155015/GS
https://www.gainesville.com/article/LK/20100704/News/604155015/GS
https://coast.noaa.gov/data/docs/nerrs/Reserves_APA_SiteProfile.pdf
https://coast.noaa.gov/data/docs/nerrs/Reserves_APA_SiteProfile.pdf
https://pub-data.diver.orr.noaa.gov/restoration/NRDA%20FL%20Oyster%20Cultch%20Monitoring%20Report%202017
https://pub-data.diver.orr.noaa.gov/restoration/NRDA%20FL%20Oyster%20Cultch%20Monitoring%20Report%202017
https://pub-data.diver.orr.noaa.gov/restoration/NRDA%20FL%20Oyster%20Cultch%20Monitoring%20Report%202017
https://pub-data.diver.orr.noaa.gov/restoration/NRDA%20FL%20Oyster%20Cultch%20Monitoring%20Report%202017
https://fdacs.maps.arcgis.com/apps/webappviewer/index.html?id=57f7d4b7d900496d99891f22681c66d0
https://fdacs.maps.arcgis.com/apps/webappviewer/index.html?id=57f7d4b7d900496d99891f22681c66d0
https://fdacs.maps.arcgis.com/apps/webappviewer/index.html?id=57f7d4b7d900496d99891f22681c66d0


	 Oyster Integrated Mapping and Monitoring Program Report Version 2	 21

Available from http://publicfiles.dep.state.fl.us/cama/
plans/aquatic/ANERR-Management-Plan-2013.pdf.

FDEP (Florida Department of Environmental 
Protection). 2018. Alligator Harbor Aquatic Preserve 
management plan. Tallahassee, FL: FDEP, Florida 
Coastal Office. Available from http://publicfiles.
dep.state.fl.us/cama/plans/Alligator-Harbor-AP-
Management-Plan.pdf. 

FDNR (Florida Department of Natural Resources). 
1986. Alligator Harbor Aquatic Preserve 
management plan. Tallahassee, FL: FDNR. 

FDOT (Florida Department of Transportation). 1999. 
Florida land use, cover and forms classification 
system, 3rd edition. Tallahassee, FL: FDOT, 
Surveying and Mapping Office, Geographic Mapping 
Section. Available from https://fdotwww.blob.core.
windows.net/sitefinity/docs/default-source/content/
geospatial/documentsandpubs/fluccmanual1999.
pdf?sfvrsn=9881b4d0_0.

Florida v. Georgia. 2018. Supreme Court of the United 
States, Syllabus: Florida v. Georgia on exceptions to 
the report of special master. October Term 2017. 
No. 142, argued January 8, 2018—Decided June 27, 
2018. Available from https://www.supremecourt.gov/
opinions/17pdf/142%20orig_h3ci.pdf. 

Florida v. Georgia. 2021. Supreme Court of the United 
States, Syllabus: Florida v. Georgia on exceptions to 
second report of special master. October Term 2020. 
No. 142, argued February 22, 2021—Decided April 1, 
2021. Available from https://www.supremecourt.gov/
opinions/20pdf/22o142_m648.pdf. 

Fowler L. 2020. New special master finds for Georgia in 
most recent round of water dispute. SCOTUSblog 
January 9, 2020. https://www.scotusblog.com/2020/01/
new-special-master-finds-for-georgia-in-most-recent-
round-of-water-dispute/, accessed December 2020. 

FWC (Florida Fish and Wildlife Conservation 
Commission). 1986. Benthic habitat of Apalachicola 
Bay, Florida: historic [map]. St. Petersburg, FL: FWC, 
Florida Marine Research Institute.

FWC (Florida Fish and Wildlife Conservation 
Commission). 2013. 2012–2013 Florida Gulf coast 
oyster disaster report. Tallahassee, FL: FWC. 
Available from http://www.floridajobs.org/docs/
default-source/2015-community-development/2015-
cmty-plan-acsc/20122013floridagulfcoastoysterdisast
erreport.pdf. 

FWC (Florida Fish and Wildlife Conservation 
Commission). 2020. Commercial Fisheries Landings 
in Florida. St. Petersburg, FL: FWC, Fish and Wildlife 
Research Institute. https://myfwc.com/research/

saltwater/fishstats/commercial-fisheries/landings-in-
florida/, accessed December 2020. 

FWC (Florida Fish and Wildlife Conservation 
Commission). 2021. Oysters. https://myfwc.com/
fishing/saltwater/commercial/oysters/, accessed 
March 2021.

GCERC (Gulf Coast Ecosystem Restoration Council). 
2016. Comprehensive plan update 2016: restoring the 
Gulf coast’s ecosystem and economy. Tallahassee, FL: 
GCERC. Available from https://www.restorethegulf.
gov/sites/default/files/CO-PL_20161208_
CompPlanUpdate_English.pdf.

Grabowski JH, Peterson CH. 2007. Restoring oyster 
reefs to recover ecosystem services. In: Cuddington K, 
Byers JE, Wilson WG, Hastings A, editors. Ecosystem 
engineers: concepts, theory and applications. 
Amsterdam, Netherlands: Elsevier-Academic Press. p. 
281–298.

Grabowski JH, Powers SP, Roman H, Rouhani S. 2017. 
Potential impacts of the 2010 Deepwater Horizon oil 
spill on subtidal oysters in the Gulf of Mexico. Mar 
Ecol Prog Ser. 576:163–174.

Grizzle R, Ward K, Geselbracht L, Birch A. 2017a. 
Apalachicola Bay Florida intertidal oyster 
(Crassostrea virginica) reef mapping and 
characterization. Tallahassee, FL: Florida Fish 
and Wildlife Conservation Commission, Florida 
State Wildlife Grants Program. Available from 
https://f50006a.eos-intl.net/ELIBSQL12_F50006A_
Documents/Geselbracht%20June%202017.pdf. 

Grizzle R, Ward K, Geselbracht L, Birch A. 2018. 
Distribution and condition of intertidal eastern 
oyster (Crassostrea virginica) reefs in Apalachicola 
Bay Florida based on high-resolution satellite 
imagery. J Shellfish Res. 37(5):1027–1038. 

Grizzle R, Ward K, Waddington T. 2017b. Mapping and 
characterizing restored oyster habitat in Apalachicola 
Bay Florida. St. Petersburg, FL: FWC, Fish and 
Wildlife Research Institute. Final report. Available 
from https://f50006a.eos-intl.net/F50006A/OPAC/
Details/Record.aspx?BibCode=5082667.

Grizzle R, Ward K, Waddington T. 2020. Final report 
for mapping and assessing subtidal oyster reefs in 
Apalachicola Bay, Florida - Deliverable #4. University 
of New Hampshire and Substructure Inc. 

Grizzle RE, Ward KW, Pine W III. 2015. Apalachicola 
Bay, Florida oyster habitat mapping and 
characterization pilot project. Maitland, FL: The 
Nature Conservancy. Final report.

Havens K, Allen M, Camp E, Irani T, et al. 2013. 
Apalachicola Bay oyster situation report. Gainesville, 

http://publicfiles.dep.state.fl.us/cama/plans/aquatic/ANERR-Management-Plan-2013.pdf
http://publicfiles.dep.state.fl.us/cama/plans/aquatic/ANERR-Management-Plan-2013.pdf
http://publicfiles.dep.state.fl.us/cama/plans/Alligator-Harbor-AP-Management-Plan.pdf
http://publicfiles.dep.state.fl.us/cama/plans/Alligator-Harbor-AP-Management-Plan.pdf
http://publicfiles.dep.state.fl.us/cama/plans/Alligator-Harbor-AP-Management-Plan.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/content/geospatial/documentsandpubs/fluccmanual1999.pdf?sfvrsn=9881b4d0_0
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/content/geospatial/documentsandpubs/fluccmanual1999.pdf?sfvrsn=9881b4d0_0
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/content/geospatial/documentsandpubs/fluccmanual1999.pdf?sfvrsn=9881b4d0_0
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/content/geospatial/documentsandpubs/fluccmanual1999.pdf?sfvrsn=9881b4d0_0
https://www.supremecourt.gov/opinions/17pdf/142%20orig_h3ci.pdf
https://www.supremecourt.gov/opinions/17pdf/142%20orig_h3ci.pdf
https://www.supremecourt.gov/opinions/20pdf/22o142_m648.pdf
https://www.supremecourt.gov/opinions/20pdf/22o142_m648.pdf
https://www.scotusblog.com/2020/01/new-special-master-finds-for-georgia-in-most-recent-round-of-water-dispute/
https://www.scotusblog.com/2020/01/new-special-master-finds-for-georgia-in-most-recent-round-of-water-dispute/
https://www.scotusblog.com/2020/01/new-special-master-finds-for-georgia-in-most-recent-round-of-water-dispute/
http://www.floridajobs.org/docs/default-source/2015-community-development/2015-cmty-plan-acsc/20122013floridagulfcoastoysterdisasterreport.pdf
http://www.floridajobs.org/docs/default-source/2015-community-development/2015-cmty-plan-acsc/20122013floridagulfcoastoysterdisasterreport.pdf
http://www.floridajobs.org/docs/default-source/2015-community-development/2015-cmty-plan-acsc/20122013floridagulfcoastoysterdisasterreport.pdf
http://www.floridajobs.org/docs/default-source/2015-community-development/2015-cmty-plan-acsc/20122013floridagulfcoastoysterdisasterreport.pdf
https://myfwc.com/research/saltwater/fishstats/commercial-fisheries/landings-in-florida/
https://myfwc.com/research/saltwater/fishstats/commercial-fisheries/landings-in-florida/
https://myfwc.com/research/saltwater/fishstats/commercial-fisheries/landings-in-florida/
https://myfwc.com/fishing/saltwater/commercial/oysters/
https://myfwc.com/fishing/saltwater/commercial/oysters/
https://www.restorethegulf.gov/sites/default/files/CO-PL_20161208_CompPlanUpdate_English.pdf
https://www.restorethegulf.gov/sites/default/files/CO-PL_20161208_CompPlanUpdate_English.pdf
https://www.restorethegulf.gov/sites/default/files/CO-PL_20161208_CompPlanUpdate_English.pdf
https://f50006a.eos-intl.net/ELIBSQL12_F50006A_Documents/Geselbracht%20June%202017.pdf
https://f50006a.eos-intl.net/ELIBSQL12_F50006A_Documents/Geselbracht%20June%202017.pdf
https://f50006a.eos-intl.net/F50006A/OPAC/Details/Record.aspx?BibCode=5082667
https://f50006a.eos-intl.net/F50006A/OPAC/Details/Record.aspx?BibCode=5082667


22	 Radabaugh, Geiger, and Moyer, editors		

FL: University of Florida, Institute of Food and 
Agricultural Sciences, and Florida Sea Grant 
Program. Report No. TP-200. Available from https://
www.flseagrant.org/wp-content/uploads/tp200_
apalachicola_oyster_situation_report.pdf.

Hine AC, Belknap DF, Hutton JG, Osking EB, Evans 
MW. 1988. Recent geological history and modern 
sedimentary processes along an incipient, low-energy, 
epicontinental-sea coastline: Northwest Florida. J 
Sediment Petrol. 58:567–579.

Huang W. 2010. Hydrodynamic modeling and 
ecohydrological analysis of river inflow effects on 
Apalachicola Bay, Florida, USA. Estuar Coast Shelf 
Sci. 86:526–534.

Huang W, Hagen S, Bacopoulos P, Wang D. 2015. 
Hydrodynamic modeling and analysis of sea-level rise 
impacts on salinity for oyster growth in Apalachicola 
Bay, Florida. Estuar Coast Shelf Sci. 156:7–18.

Huang W, Hagen SC, Bacopoulos P, Teng F. 2014. 
Sea-level rise effects on hurricane-induced salinity 
transport in Apalachicola Bay. J Coast Res. 68:49–56. 

Huang W, Jones K, Wu T. 2002. Modeling surface wind 
effects on subtidal salinity in Apalachicola Bay. Estuar 
Coast Shelf Sci. 55:33–46. 

Ingle RM, Dawson CE Jr. 1953. A survey of 
Apalachicola Bay, Florida. St. Petersburg, FL: Florida 
State Board of Conservation. Technical Series 10.

Kane A, Lindsay A. 2019. Research, communication and 
community engagement support for Apalachicola 
Bay oyster restoration and management. 
St. Petersburg, FL: Florida Fish and Wildlife 
Conservation Commission, Fish and Wildlife 
Research Institute. Final Report.

Kelly PJ Jr. 2019. State of Florida v. State of Georgia 
Report of the Special Master. Available from 
https://www.ca10.uscourts.gov/sites/default/files/
SM142/670.pdf. 

Kennedy V, Sanford LP. 1989. Characteristics of relatively 
unexploited beds of the eastern oyster, Crassostrea 
virginica, and early restoration programs. In: 
Luckenbach MW, Mann R, Wesson JA, editors. Oyster 
reef habitat restoration: a synopsis and synthesis 
of approaches [proceedings from a symposium]. 
Williamsburg, VA: College of William and Mary, 
Virginia Institute of Marine Science. p. 25–46.

Kimbro DL. 2013. Developing cost-effective monitoring 
for the oyster fishery and an experimental 
assessment of predator impacts. In: Havens K, 
editor. Apalachicola Bay oyster situation report. 
Gainesville, FL: Institute of Food and Agricultural 
Sciences, University of Florida, Florida Sea Grant 

Program. TP-200. p. 23–25. Available from https://
www.flseagrant.org/wp-content/uploads/tp200_
apalachicola_oyster_situation_report.pdf. 

Kimbro DL, Stallings CD, White JW. 2020. Diminishing 
returns in habitat restoration by adding biogenic 
materials: a test using estuarine oysters and recycled 
oyster shell. Restor Ecol. https://doi.org/10.1111/
rec.13227.

Kimbro DL, White JW, Tillotson H, Cox N, et al. 
2017. Local and regional stressors interact to drive a 
salinization-induced outbreak of predators on oyster 
reefs. Ecosphere 8:1–15. 

Kimbrough KL, Johnson WE, Lauenstein GG, 
Christensen JD, Apeti DA. 2008. An assessment 
of two decades of contaminant monitoring in the 
nation’s coastal zone. Silver Spring, MD: NOAA. 
NOAA Technical Memorandum NOS NCCOS 74. 
https://repository.library.noaa.gov/view/noaa/2499, 
accessed December 2020.

la Cecilia D, Toffolon M, Woodcock CE, Fagherazzi S. 
2016. Interactions between river stage and wetland 
vegetation detected with a seasonality index derived 
from LANDSAT images in the Apalachicola delta, 
Florida. Adv Water Resour. 89:10–23.

Lancaster RI Jr. 2017. State of Florida v. State of 
Georgia Report of the special master. Available 
from https://www.scotusblog.com/wp-content/
uploads/2017/09/2017.02.14-Report-of-Special-
Master.pdf.

Livingston RJ. 1984. The ecology of the Apalachicola 
Bay system: an estuarine profile. Washington, DC: 
U.S. Fish and Wildlife Service, Division of Biological 
Services, National Coastal Ecosystems Team. 
Available from http://npshistory.com/publications/
usfws/biological-reports/82-05.pdf. 

Livingston RJ. 2015. Climate change and coastal 
ecosystems, long-term effects of climate change 
and nutrient loading on trophic organization. Boca 
Raton, FL: CRC Press. 

Livingston RJ, Howell RL, Niu X, Lewis FG, Woodsum 
GC. 1999. Recovery of oyster reefs in a Gulf estuary 
following disturbance by two hurricanes. Bull Mar 
Sci. 64:465–483.

Livingston R, Lewis G, Woodsum G, Niu X, et al. 2000. 
Modeling oyster response to variation in freshwater 
input. Estuar Coast Shelf Sci. 50:655–672.

NERRS (National Estuarine Research Reserve System). 
2007. NERRS Centralized Data Management Office 
GIS application. Georgetown, SC: NOAA, Office 
of Coastal Zone Management. http://cdmo.baruch.
sc.edu/get/gis_index.cfm, accessed December 2020. 

https://www.flseagrant.org/wp-content/uploads/tp200_apalachicola_oyster_situation_report.pdf
https://www.flseagrant.org/wp-content/uploads/tp200_apalachicola_oyster_situation_report.pdf
https://www.flseagrant.org/wp-content/uploads/tp200_apalachicola_oyster_situation_report.pdf
https://www.ca10.uscourts.gov/sites/default/files/SM142/670.pdf
https://www.ca10.uscourts.gov/sites/default/files/SM142/670.pdf
https://www.flseagrant.org/wp-content/uploads/tp200_apalachicola_oyster_situation_report.pdf
https://www.flseagrant.org/wp-content/uploads/tp200_apalachicola_oyster_situation_report.pdf
https://www.flseagrant.org/wp-content/uploads/tp200_apalachicola_oyster_situation_report.pdf
https://doi.org/10.1111/rec.13227
https://doi.org/10.1111/rec.13227
https://repository.library.noaa.gov/view/noaa/2499
https://www.scotusblog.com/wp-content/uploads/2017/09/2017.02.14-Report-of-Special-Master.pdf
https://www.scotusblog.com/wp-content/uploads/2017/09/2017.02.14-Report-of-Special-Master.pdf
https://www.scotusblog.com/wp-content/uploads/2017/09/2017.02.14-Report-of-Special-Master.pdf
http://npshistory.com/publications/usfws/biological-reports/82-05.pdf
http://npshistory.com/publications/usfws/biological-reports/82-05.pdf
http://cdmo.baruch.sc.edu/get/gis_index.cfm
http://cdmo.baruch.sc.edu/get/gis_index.cfm


	 Oyster Integrated Mapping and Monitoring Program Report Version 2	 23

NWFWMD (Northwest Florida Water Management 
District). 2010. Northwest Florida Water 
Management District Land Use Land Cover 
2009–2010. Havana, FL: NWFWMD. https://www.
fgdl.org/metadataexplorer/explorer.jsp, accessed 
December 2020. 

NWFWMD (Northwest Florida Water Management 
District). 2017. Ochlockonee River and Bay watershed 
Surface Water Improvement and Management plan. 
Havana, FL: NWFWMD. Program Development 
Series 17-02. https://www.nwfwater.com/Water-
Resources/Surface-Water-Improvement-and-
Management/Ochlockonee-River-and-Bay, accessed 
December 2020.

Oczkowski AJ, Lewis FG, Nixon SW, Edmiston HL, et 
al. 2011. Fresh water inflow and oyster productivity 
in Apalachicola Bay, FL (USA). Estuaries Coast. 
34:993–1005. 

Parker ML, Davis MB. 2019. Apalachicola Bay oyster 
restoration. Status report #22. Washington, DC: 
National Fish and Wildlife Foundation. 

Parker ML, Davis MB, Scholze TK. 2020. Apalachicola 
Bay fishery disaster recovery project plan - Job 3. 
Oyster monitoring final report. Tallahassee, FL: 
Florida Department of Economic Opportunity. 

Petes LE, Brown AJ, Knight CR. 2012. Impacts of 
upstream drought and water withdrawals on the 
health and survival of downstream estuarine oyster 
populations. Ecol Evol. 2:1712–1724.

Pine WE III, Walters CJ, Camp EV, Bouchillon R, et al. 
2015. The curious case of eastern oyster Crassostrea 
virginica stock status in Apalachicola Bay, Florida. 
Ecol Soc. 20:46. 

Pittman C. 2018 June 27. Supreme Court finally rules on 
Florida’s 30-year water war with Georgia. And it’s not 
over. Tampa Bay Times. http://www.tampabay.com/
news/environment/Supreme-Court-finally-rules-on-
Florida-s-30-year-water-war-with-Georgia-And-it-s-
not-over-_169506140, accessed December 2020.

Prince J, Walters C, Ruiz-Avila R, Sluczanowski P. 1998. 
Territorial user’s rights and the Australian abalone 
(Haliotis sp.) fishery. In: Jamieson GS, Campbell A, 
editors. Proceedings of the North Pacific symposium 
on invertebrate stock assessment and management. 
Canadian Special Publication of Fisheries and 
Aquatic Sciences 125. Ottawa, Ontario: National 
Research Council of Canada. p. 367–376.

Pusack T, White JW, Tillotson HG, Kimbro DL, 
Stallings CD. 2018. Size-dependent predation and 
intraspecific inhibition of an estuarine snail feeding 
on oysters. J Exp Mar Biol Ecol. 501:74–82.

Pusack TJ, Kimbro DL, White JW, Stallings CD. 
2019. Predation on oysters is inhibited by intense 
or chronically mild, low salinity events. Limnol 
Oceanogr. 64(1):81–92.

Reiley L. 2018 April 11. Shell game. Tampa Bay Times.
https://projects.tampabay.com/projects/2018/special-
report/shell-game/panhandle-apalachicola-wild-
oysters-aquaculture/, accessed December 2020. 

Rodriguez AB, Fodrie FJ, Ridge JT, Lindquist NL, et 
al. 2014. Oyster reefs can outpace sea-level rise. Nat 
Clim Chang. 4:493–497.

RPI (Research Planning Inc). 1995. Sensitivity of coastal 
environments and wildlife to spilled oil. West Florida 
atlas. Tallahassee, FL: Department of Environmental 
Protection. Available from http://ocean.floridamarine.
org/esimaps/pdf/Panhandl/INDEX.pdf.

Shumway SE. 1996. Natural environmental factors. 
In: Kennedy VS, Newell RIE, AF Eble, editors. The 
eastern oyster: Crassostrea virginica. College Park, 
MD: Maryland Sea Grant College. p. 467–513.

Singh S, Srivastava P, Abebe A, Mitra S. 2015. Baseflow 
response to climate variability induced droughts in 
the Apalachicola–Chattahoochee–Flint River Basin, 
USA. J Hydrol. 528:550–561.

Solomon JA, Donnelly MJ, Walters LJ. 2014. Effects 
of sea level rise on the intertidal oyster Crassostrea 
virginica by field experiments. J Coast Res. 68:57–64. 

Soniat T. 2020. Coupling U.S. Gulf state stock 
assessments to shell-budget modeling to determine 
sustainable harvest of oysters across the Gulf of 
Mexico. Status report #4. Washington, DC: U.S. 
Department of Commerce. 

Sumaila UR, Cisneros-Montemayor AM, Dyck A, 
Huang L, et al. 2012. Impact of the Deepwater 
Horizon well blowout on the economics of U.S. Gulf 
fisheries. Can J Fish Aquat Sci. 69:499–510.

Swift F. 1897. Survey of the oyster regions of 
St. Vincent Sound, Apalachicola Bay, and St. 
George Sound, Florida. Washington, DC: U.S. 
Commission of Fish and Fisheries. Extracted 
from Report of Commissioner for 1896. 
Available from https://ecos.fws.gov/ServCat/
DownloadFile/2669?Reference=2786.

Swift F. 1898. The oyster-grounds of the west Florida 
coast: their extent, condition, and peculiarities. In: 
Proceedings and papers of the National Fishery 
Congress, Tampa, Florida, January 19–24, 1898. 
Washington, DC: U.S. Commission of Fish and 
Fisheries. p. 185–187.

Thompson RJ, Newell RIE, Kennedy VS, Mann R. 
1996. Reproductive processes and early development. 

https://www.fgdl.org/metadataexplorer/explorer.jsp
https://www.fgdl.org/metadataexplorer/explorer.jsp
https://www.nwfwater.com/Water-Resources/Surface-Water-Improvement-and-Management/Ochlockonee-River-and-Bay
https://www.nwfwater.com/Water-Resources/Surface-Water-Improvement-and-Management/Ochlockonee-River-and-Bay
https://www.nwfwater.com/Water-Resources/Surface-Water-Improvement-and-Management/Ochlockonee-River-and-Bay
http://www.tampabay.com/news/environment/Supreme-Court-finally-rules-on-Florida-s-30-year-water-war-with-Georgia-And-it-s-not-over-_169506140
http://www.tampabay.com/news/environment/Supreme-Court-finally-rules-on-Florida-s-30-year-water-war-with-Georgia-And-it-s-not-over-_169506140
http://www.tampabay.com/news/environment/Supreme-Court-finally-rules-on-Florida-s-30-year-water-war-with-Georgia-And-it-s-not-over-_169506140
http://www.tampabay.com/news/environment/Supreme-Court-finally-rules-on-Florida-s-30-year-water-war-with-Georgia-And-it-s-not-over-_169506140
https://projects.tampabay.com/projects/2018/special-report/shell-game/panhandle-apalachicola-wild-oysters-aquaculture/
https://projects.tampabay.com/projects/2018/special-report/shell-game/panhandle-apalachicola-wild-oysters-aquaculture/
https://projects.tampabay.com/projects/2018/special-report/shell-game/panhandle-apalachicola-wild-oysters-aquaculture/
http://ocean.floridamarine.org/esimaps/pdf/Panhandl/INDEX.pdf
http://ocean.floridamarine.org/esimaps/pdf/Panhandl/INDEX.pdf
https://ecos.fws.gov/ServCat/DownloadFile/2669?Reference=2786
https://ecos.fws.gov/ServCat/DownloadFile/2669?Reference=2786


24	 Radabaugh, Geiger, and Moyer, editors		

In: Kennedy VS, Newell RIE, Eble AF, editors. The 
eastern oyster: Crassostrea virginica. Maryland Sea 
Grant College, College Park, MD. p. 335–370

Twichell DC, Andrews BD, Edmiston HL, Stevenson 
WR. 2007. Geophysical mapping of oyster habitats 
in a shallow estuary; Apalachicola Bay, Florida. 
Washington, DC: U.S. Geological Survey. Open-file 
report 2006-1381. Available from https://pubs.er.usgs.
gov/publication/ofr20061381, accessed May 2020. 

Twichell DC, Edmiston L, Andrews B, Stevenson W, et 
al. 2010. Geologic controls on the recent evolution 
of oyster reefs in Apalachicola Bay and St. George 
Sound, Florida. Estuar Coast Shelf Sci. 88:385–394. 

Waldbusser GG, Powell EN, Mann R. 2013. Ecosystem 
effects of shell aggregation and cycling coastal waters: 
an example of Chesapeake Bay oyster reefs. Ecology 
94:895–903. 

Wang H, Huang W, Harwell MA, Edmiston L, et al. 
2008. Modeling oyster growth rate by coupling 
oyster population and hydrodynamic models for 
Apalachicola Bay, Florida, USA. Ecol Modell. 
211:77–88. 

Whitfield WK, Beaumariage DS. 1977. Shellfish 
management in Apalachicola Bay: past, present and 
future. In: Proceedings of the Conference on the 
Apalachicola drainage system, 23–24 April 1976. 
St. Petersburg, FL: Florida Department of Natural 
Resources, Marine Research Lab. FMRP Publication 
#26. p. 130–140.

Wilber DH. 1992. Associations between freshwater 
inflows and oyster productivity in Apalachicola Bay, 
Florida. Estuar Coast Shelf Sci. 35:179–190.

zu Ermgassen PS, Spalding MD, Grizzle RE, Brumbaugh 
RD. 2013. Quantifying the loss of a marine ecosystem 
service: filtration by the eastern oyster in U.S. 
estuaries. Estuaries Coast. 36:36–43.

General references and additional regional 
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Apalachicola Bay Aquatic Preserve  

https://floridadep.gov/rcp/aquatic-preserve/locations/
apalachicola-bay-aquatic-preserve

Apalachicola National Estuarine Research Reserve 
https://apalachicolareserve.com/ 

Apalachicola River Wildlife and Environmental Area 
https://myfwc.com/recreation/lead/apalachicola-river/

Commercial oyster fishing regulations  
https://myfwc.com/fishing/saltwater/commercial/
oysters/ 

FDACS shellfish harvesting areas, aquaculture 
use zones, and lease areas https://fdacs.
maps.arcgis.com/apps/webappviewer/index.
html?id=57f7d4b7d900496d99891f22681c66d0

St. Vincent National Wildlife Refuge 
https://www.fws.gov/refuge/st_vincent/ 

St. George Island State Park  
https://www.floridastateparks.org/parks-and-trails/
dr-julian-g-bruce-st-george-island-state-park 

Regional contacts
Katie Davis, Florida Department of Agriculture and 
Consumer Services, Katie.Davis@fdacs.gov 

Matthew Davis, Florida Fish and Wildlife Conservation 
Commission, Matthew.Davis@myfwc.com 

Ray Grizzle, University of New Hampshire,  
Ray.Grizzle@unh.edu 

Megan Lamb, Apalachicola National Estuarine Re-
search Reserve, Megan.Lamb@floridadep.gov
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