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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 (Indi-
an Pass, West Pass, and East Pass) and one man-made 
inlet (Government Cut, also known as Sike’s 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 driv-
en but can also be strongly impacted by river discharge 
and winds. Currents generally do not exceed 1 m s−1 (3.3 
ft s−1) 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 well-mixed and well-oxygenated waters with 
little stratification. Bottom types consist largely of sand 
and other soft sediments, with hardbottom in the form 
of extensive oyster reefs (Edmiston 2008). Water tem-
perature 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. Overall water quality 
conditions in Apalachicola Bay are excellent, in part be-
cause the panhandle region is one of the least populated 
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coastal areas in Florida (Livingston 1984, 2015, Edmis-
ton 2008). 

The bay receives most of its freshwater inflow from 
the Apalachicola River, the largest river in Florida in terms 
of flow. Average seasonal discharges range from 570 m3 
s−1 (20,000 ft3 s−1) in late summer and fall to 1,800 m3 s−1 
(65,000 ft3 s−1) 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 converge at Lake Seminole and the Jim Wood-
ruff Dam at the Florida/Georgia border to form the Apala-
chicola. The Chipola River also provides smaller volumes 
of water as a tributary to the Apalachicola. The watershed 
of the Apalachicola–Chattahoochee–Flint (ACF) river sys-
tem encompasses roughly 50,500 km2 (20,000 mi2) in Flor-
ida, Georgia, and Alabama. More than 7 million people, 
including many residents of Atlanta, live in the ACF wa-
tershed 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 wa-
ter quality, Apalachicola Bay has been designated as an 
Outstanding Florida Water, State Aquatic Preserve, In-
ternational Biosphere Reserve, and National Estuarine 
Research Reserve (NERR; Livingston 1984, Edmiston 
2008). The region is within the Northwest Florida Water 
Management District (NWFWMD). The Apalachicola 
National Estuarine Research Reserve (ANERR), which 
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encompasses roughly 1,000 km2 (390 mi2), spans the es-
tuary and the lands surrounding 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 Conservation Commission 
(FWC; Apalachicola River Wildlife Enhancement Area), 
NWFWMD (Apalachicola River Water Management 
Area), U.S. Fish and Wildlife Service (St. Vincent Nation-
al Wildlife Refuge), the Florida Department of Environ-
mental Protection’s (FDEP’s) Division of Recreation and 
Parks (St. George Island State Park), as well as FDEP’s 
Florida Coastal Office (Apalachicola Bay Aquatic Pre-
serve, Little St. George Island). Nearly the entire estuarine 
system provides potential habitat for the eastern oyster, 
 Crassostrea virginica. The bay’s history of providing most 
of the state’s oyster harvest (until recently) is one indica-
tor of how important oysters are in the bay’s ecology and 
the region’s economy. The extensive interstate watershed 
of the Apalachicola River, however, exacerbates the com-
plexity of managing Apalachicola oyster resources.

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

sonably well studied (see summaries in Livingston 1984, 
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) is reached in ap-
proximately 18 months (Ingle and Dawson 1952). Oyster 
reefs cover perhaps 10% of the bay bottom and include 
both subtidal and intertidal reefs (Kennedy and Sanford 
1989, Edmiston 2008). Subtidal reefs cover much more 
area than those in the intertidal zone, with 1,600–4,000 
ha (Fig. 3.3; 4,000–10,000 ac) of subtidal oyster bottom 
mapped or estimated in recent decades (Livingston 1984, 
Twichell et al. 2007, ANERR 2013) compared to approx-
imately 80 ha (200 ac) of intertidal reefs mapped in 2016 
(Grizzle et al. 2017a). The intertidal reefs consist mainly 
of natural reefs, while the subtidal reefs consist of natural 
and planted reefs resulting from additions of clam shell, 

Figure 3.1. Major features of Franklin County, including the Apalachicola Bay estuarine system and oyster reef 
areas to the west (Indian Lagoon) and east (Alligator Harbor and Ochlockonee Bay). Oyster mapping sources: FWC 
1986 (made from historical data and aerial photographs, years unknown), Twichell 2007 (from 2005–2006 side-
scan sonar), NWFWMD 2010 (from 2009–2010 aerial photographs), ANERR 2013 (from 2007 and 2010 aerial 
photographs), and Grizzle 2017a (from 2012 satellite imagery). 



50 Radabaugh, Geiger, and Moyer, editors  

fossil shell, and other hard materials to provide cultch 
(suitable substrate) for oyster larval settlement in support 
of the fishery (Berrigan 1990, Edmiston 2008, FDACS 
2015a). 

Based on extensive sonar mapping and field sampling, 
Twichell et al. (2010) concluded that the present-day sub-
tidal reefs in the bay began to develop on the crests of 
broad, flat sand bars around approximately 400 BCE, 
most of which were oriented perpendicular to the long 
axis of the bay. The early reefs grew vertically and migrat-
ed westward, suggesting a net westward transport of sed-
iments 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 Apalachicola Riv-
er (Twichell et al. 2010). The current reef size and other 
characteristics reflect changes in the original spatial pat-
terns resulting from more than two millennia of respons-
es to changes in climate, sea level, water quality, sediment 

inputs from both freshwater and marine sources, and 
more recently by harvest and management practices.

Recent work has shown wide spatial variability in 
live oyster densities on both intertidal and subtidal reefs 
in the bay. The Florida Department of Agriculture and 
Consumer Services (FDACS) has annually monitored 
selected reefs in the bay for oyster density and size from 
1990 to 2015, when monitoring responsibilities shifted 
to FWC (data summarized in Camp et al. 2015; also see 
Grabowski et al. 2017). From 1990 through 2011 (prior to 
the fisheries collapse discussed below), total oyster den-
sities fluctuated between roughly 200 and 400 oysters/
m2 (19–37 oysters/ft2). On intertidal reefs, Grizzle et al. 
(2017b) found an overall mean of ~400 oysters/m2 (37 oys-
ters/ft2) in 2016 throughout the bay. However, the western 
and eastern portions of the bay differed greatly. Many in-
tertidal reefs in the western bay were dead, and the overall 
mean density of live oysters was <50 oysters/m2 (4.6 oys-
ters/ft2), compared with ~1,000 oysters/m2 (93 oysters/ft2) 
in the eastern bay. The same overall pattern was reported 
for subtidal reefs by Kimbro (2013). 

Spatial patterns in mortality also vary widely across 
subtidal reefs in Apalachicola Bay (Berrigan 1988, Liv-
ingston et al. 2000, Edmiston 2008). For example, Liv-
ingston et al. (2000) produced maps of oyster mortality 
illustrating how river flow and salinity variations were 
related to mortality patterns across the bay in 1985 and 
1986. Under moderate river flows, oyster mortality was 
reduced throughout the central portions of the bay. Un-
der low-flow conditions, the area of high mortality in the 
outer bay increased. This effect is presumably because 
predators move from the Gulf of Mexico further into the 
bay when waters are more saline. The reverse—high river 
flows, such as during a hurricane—can result in essen-
tially the opposite result with respect to spatial mortality 
patterns if salinity falls below the oyster’s tolerance levels 
(Shumway 1996, Edmiston et al. 2008). The impacts of 
storms are more complicated, however, because storm-re-
lated factors other than salinity can increase oyster mor-
tality. For example, Hurricane Elena in 1985 produced 
extreme tides, strong winds, heavy rainfall, 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 (Berrigan 1988, 1990). Oyster 
production in most areas of the bay dropped by 90% fol-
lowing Hurricane Elena, resulting in closures to harvest, 
but rebounds in growth and recruitment quickly followed, 
particularly in areas with substrate restoration (Berrigan 
1990). Edmiston 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 

Figure 3.2. Apalachicola–Chattahoochee–Flint River 
system (watershed boundary source: NERRS 2007).
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hurricanes can vary widely and involve multiple mortality 
factors. Thus, their effects are not easy to predict. 

The spatial distribution of the bay’s reefs today (Figs. 
3.1 and 3.3) is a result of both natural processes and inten-
sive management, which began in the late 1800s (Dugas et 
al. 1997; see review in Pine et al. 2015). Among the most 
important of the management actions was implementa-
tion of extensive shelling (shell planting) programs. It was 
soon recognized that loss of shell due to harvest threat-
ened sustainability of oyster fisheries throughout Florida 
because it removed hard substrate needed for larval settle-
ment. Shell additions to the bay were first recommended 
around 1885. The Florida Division of Agriculture plant-
ed the first known shell, 15,000 barrels’ worth, in 1913. 
Shell distribution increased substantially around 1925 (P. 
Zajicek, FDACS, personal compilation from Biennial Re-
ports of the Fish Commission, Biennial Reports Shellfish 
Division, Florida Department of Agriculture and Bienni-
al Reports of the State Board of Conservation). Shell dis-
tribution continued more regularly after 1949 as the result 
of a State-mandated program requiring that harvested 
oyster shell be returned to public oyster beds, sometimes 

supplemented with limestone rock. Whitfield and Beau-
mariage (1977) wrote that 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. Shell 
buy-back programs have been implemented to pay deal-
ers for collected shell, but because these programs rely on 
grants, they do not have a permanent source of funding. 
Recent shelling programs have used primarily fossil shell 
(FDACS 2015a, 2015b). 

Oyster harvesting in Apalachicola Bay 
Much of the Apalachicola Bay system is classified by 

FDEP as Class II waters (those designated for shellfish 
propagation or harvesting) that are conditionally approved 
or restricted for harvest by FDACS dependent on prevail-
ing water quality and seasonal closures (Fig. 3.4). Current 
oyster harvest regulation in Apalachicola Bay includes bag 
limits, size limits, and spatial closures. The oyster fishery 
is integral to the lives of many people living in the Apala-
chicola Bay region. Before the collapse, the fishery provided 
more than 2,500 jobs to nearby coastal communities, of-

Figure 3.3. Extent of natural and planted subtidal reefs and intertidal reefs in Apalachicola Bay. 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 planting sites from 2015 (FDACS 2015a) and 2017.
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ten making up to half of their revenue (Havens et al. 2013, 
Camp et al. 2015). Harvest from portions of the bay in 
Franklin County has historically dominated oyster harvest 
in Florida, yielding more than 90% of the state’s commer-
cial landings (Fig. 3.5) and 10% of the oysters sold in the 
continental United States (Livingston 1984, Havens et al. 
2013). Commercial landings data from 1895 to 1984 were 
reported by the U.S. Fish and Wildlife Service, Florida State 
Board of Conservation, Florida Department of Natural 
Resources, or National Marine Fisheries Service, but the 
FWC’s Fish and Wildlife Research Institute took over these 
responsibilities in 1985. From 1986 onwards, FWC record-
ed the number of trip tickets and landings via a mandatory 
reporting system (Camp et al. 2015). Earlier, such data had 
been reported voluntarily. Despite the mandatory reporting 
system, Havens et al. (2013) found evidence of unreported 

harvest and harvest from closed areas that are difficult to 
quantify and reconcile with reported landings data. 

Oyster landings from Franklin County (dominated by 
Apalachicola Bay) fluctuated but overall increased from 
1950 through the early 1980s, peaking at 3,000 metric tons 
(6.6 million pounds) in 1981 (Fig. 3.5). In September 1985, 
Hurricane Elena caused extensive damage to the bay’s 
reefs, particularly on the east end (Livingston et al. 1999; 
also see discussion above). Many of the reefs that had his-
torically been the most productive suffered high mortality 
of live oysters, loss of cultch, and extensive sedimentation 
(Berrigan 1990). The bay was closed to harvest for sev-
eral months for research and distribution of clam shells 
as substrate (Berrigan 1990). Commercial oyster har-
vest resumed in May 1986, but with harvest restrictions. 
Landings were nearly an order of magnitude lower than 

Figure 3.4. Shellfish harvesting areas within eastern Gulf County and Franklin 
County. Source: FDACS (2017a). 
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the pre-hurricane harvest in 1985. Oyster populations re-
covered relatively quickly as a result of successful recruit-
ment, shelling, and restricted harvests (Berrigan 1990, 
Livingston et al. 1999, Pine et al. 2015), but commercial 
harvests never returned to the levels recorded before Hur-
ricane Elena (Fig. 3.5).

Landings as well as catch per unit effort (CPUE) esti-
mates fluctuated, but generally increased, through the late 
1980s and early 1990s (Fig. 3.6). Several hurricanes affected 
Apalachicola Bay after 1985; impacts to the oyster reefs and 
the fishery varied depending on storm-related physical dis-
turbances and salinity extremes. In 1994, hurricanes caused 
record flooding in the region, resulting in near-freshwater 
conditions in the bay for nearly two weeks. While reefs were 
apparently not physically damaged by the hurricanes, mor-
tality on the reefs varied from 10 to 100% as a result of low 
salinity (Edmiston 2008, Edmiston et al. 2008). Oysters at 
Dry Bar and St. Vincent reefs (Fig. 3.3) suffered particular-
ly high mortality. In 2005, Hurricane Dennis caused a 3-m 
(10-ft) storm surge, but this 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 increased 
substantially after Katrina, but CPUE began to show a 
steady decline until the most recent collapse, in 2012. The 
impact of 2018’s Hurricane Michael on Apalachicola Bay 
oysters was unknown when this report was written.

It should be noted that Apalachicola Bay was not di-
rectly 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 Al-
abama—and the shortage of oysters in other Gulf areas 
initially led to an increase in oyster harvesting and pric-
es for oysters from Apalachicola 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 har-
vesting is usually prohibited Friday through Sunday, har-
vesting was also allowed on weekends during that time 
(though no changes were made with regards to size limits 
or daily bag limits) (FWC 2013). Despite the extended 
season, oyster landings in 2010 were slightly lower than 
those before and after (Fig. 3.6), perhaps in part due to de-
clining prices. 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 contaminated seafood 
from Apalachicola 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 four years of histor-
ically low landings (Figs. 3.5 and 3.6). Fishery-indepen-
dent sampling by FDACS has also shown a sharp decline 

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); 1986–2017, FWC (2018). 
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in oyster density on subtidal reefs (results summarized in 
Camp et al. 2015). As previously mentioned, from 1990–
2011 total oyster densities fluctuated between roughly 
200 and 400 oysters/m2 (19–37 oysters/ft2). The density of 
oysters on subtidal reefs then fell below 100 oysters/m2 (9 
oysters/ft2) during 2012 and 2013. Although many of the 
mapped subtidal reefs have not been monitored for densi-
ty in recent years, a spatially extensive sampling program 
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) (Parker 2016).

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, predators, or unknown 
pathogens, leading to 3) increased oyster mortality, par-
ticularly among juveniles, resulting in 4) recruitment fail-
ures (over several years) possibly worsened by shell remov-
al by fishing or environmental events, finally leading to 5) 
collapse of adult oyster populations. 

Numerous studies have assessed the role of river dis-
charge in the long-term dynamics of oyster harvest from 
the bay, confirming the importance of freshwater dis-
charges to the ecology, production, and harvest of oys-
ters but also underscoring the complex nature of the re-
lationship (Wilber 1992, Wang et al. 2008, Oczkowski et 
al. 2011, Fisch and Pine 2016). Unfortunately, sufficient 
data to fully support factors 2 and 3 are not available 

because studies of predators were not under way before 
the collapse. But, very high densities of boring sponges 
and predators 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 
arrived at similar explanations for previous fishery col-
lapses in Apalachicola Bay and other parts of the state. 
Fisch and Pine (2016) did not find a significant correla-
tion 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 fishery landings report-
ing requirements, a lack of a proportional relationship 
between CPUE and oyster populations, hurricane im-
pacts, and changes to ecosystem dynamics in the bay. 
Overfishing is not thought to have directly contributed 
to the 2012 collapse, in the sense that recruitment was 
not limited by harvest (FWC 2013, Pine et al. 2015). 
Rather, the fishery may have indirectly exacerbated the 
collapse 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 
Commerce, 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 
Florida Department of Economic Opportunity, led to 
the Apalachicola Bay Fishery Disaster Recovery Proj-
ect Plan, which included restoration of oyster habitat, 
monitoring of oyster resources and restoration efforts, 
vocational and educational training for affected oyster 
fishers and their communities, and processor facilities 

Figure 3.6. Commercial oyster landings and catch per unit effort (CPUE) data for 
Apalachicola Bay since 1985. Data source: FWC 2018.
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upgrades. Several studies were also published focusing 
on various aspects of the ecological and social dimen-
sions of the collapse. 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 eco-
logical and social issues, focusing on management strat-
egies that should be considered to enhance resiliency in 
the fishery. Kimbro et al. (2017) and Pusack et al. (2018) 
demonstrated the potential importance of predation as 
related to freshwater discharges to the bay in oyster pop-
ulation dynamics. Overall, recent research has provided 
new perspectives on the temporal and spatial dynamics 
of oyster populations in Apalachicola Bay, as well as the 
complexity and importance of the fishery to the regional 
economy and local communities.

Legal battles over water rights have been ongoing be-
tween the states of Florida, Alabama, and Georgia since 
the 1980s. But after the 2012–2013 oyster fishery collapse, 
the State of Florida sought to have the 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 eco-
system services that oysters provide. Florida stated its 
concern that upstream water use will continue to increase 
as urban and agricultural demands for water grow in 
Georgia, 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 (Fisch and Pine 2016). In 2017, the court-ap-
pointed special master recommended that the court side 
with Georgia because Florida had failed to prove that a 
water-consumption cap would have averted the fishery 
collapse (Lancaster 2017). In June 2018, however, the Su-
preme 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. Geor-
gia 2018, Pittman 2018). Review of the case under a new 
special master is ongoing at the time of the writing of this 
report. 

Little research has dealt with the substantial ecosys-
tem services such as habitat provision, water filtration, 
and fish production that Apalachicola Bay’s oyster reefs 

Figure 3.7. An abundance of oyster drills (Stramonita haemastoma) 
and their egg cases on 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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provide (Coen et al. 2007, Grabowski and Peterson 2007). 
In addition to oyster landings and economic impacts, the 
2012 fishery collapse in the bay also resulted in a loss of 
some portion of the ecosystem services the oyster reefs 
provided. The collapse thus had ecological as well as eco-
nomic and social effects. In their assessment of long-term 
changes in water filtration by oyster reefs in 13 estuaries 
in North America, zu Ermgassen et al. (2013) found only 
Apalachicola Bay showed an increase in filtration capac-
ity. However, their assessment was based on 1990–2010 
data, prior to the 2012 collapse (see Table 1 in zu Erm-
gassen et al. 2013). It is reasonable to assume that other 
ecosystem services provided by the bay’s oyster reefs have 
also greatly diminished since 2012.

Finally, a recent result of the Apalachicola Bay oyster 
fishery collapse is that much of the oyster fishery (harvest 
and management) shifted to the Big Bend region. In 2016, 
yields from the Big Bend equaled those from Apalachico-
la Bay (FWC 2018). In 2017, commercial 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 2018). There has also 
been a renewal of interest in oyster aquaculture in which 
oysters are grown in cages suspended in the water column, 
where they are safer from predators and less vulnerable to 
sedimentation or hypoxic conditions (Reiley 2018). This 
shift is similar to changes occurring in other estuaries, 
where traditional oyster fisheries that have failed or are 
greatly diminished are being supplemented with aquacul-
ture practices. 

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 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).

Eastern Franklin County
Oyster reefs also exist in Alligator Harbor and 

Ochlockonee Bay in eastern Franklin County (Fig. 3.1). 
Alligator Harbor is a barrier-spit lagoon partly enclosed 
by Alligator Point peninsula. It has a mean low water 
depth of approximately 1.2 m (4 ft) (FDEP 2018). Salinity 
is similar to that in the Gulf of Mexico due to negligi-
ble freshwater input. There are some small areas of dense 
intertidal and subtidal oyster reef in the eastern 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 2018). Little data, however, are available on 
the condition of these reefs (FDEP 2018). Clam aqua-
culture was established in 2002 and off-bottom oyster 
aquaculture was approved in 2015 on leases in Alligator 
Harbor Aquatic Preserve. The University of Florida In-

Figure 3.8. Commercial oyster harvest from Gulf County (western Apalachicola Bay). 
Data sources: FWC (2017) and Florida Commercial Marine Fish Landings (see  
Appendix A).
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stitute of Food and Agricultural Sciences intermittently 
monitored water quality near these shellfish harvesting 
areas from 2002–2012; monitoring was discontinued in 
2012 due to lack of funding (FDEP 2018). 

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 Georgia 
and the city of Tallahassee (NWFWMD 2017). Human 
population in the watershed is steadily increasing, and 
with population growth comes concerns for proper waste-
water and stormwater management. Ochlockonee Bay 
includes extensive seagrass beds and coastal salt marsh-
es. Salinity in the bay varies with river flow, and the bay is 
often stratified (NWFWMD 2017). Salinity has remained 
sufficiently low in the upper half of the bay to protect oys-
ters there from key predators (Kimbro et al. 2017). 

Threats to oysters in Apalachicola Bay
Several recent papers provide a comprehensive analysis 

of the relationship between the 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 papers, four 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, 
sediment delivery, and erosion patterns for the Apala-
chicola River and Bay. When this altered hydrology is 
coupled with low precipitation and urban and agricul-
tural demand for fresh water, the resulting low freshwa-
ter flow and high salinity make oysters more vulnerable 
to dermo (Perkinsus marinus) and 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, such 
as the boring sponge, boring clam, and polychaetes also 
cause damage to the oysters’ shells, possibly resulting in 
death. The shells become weakened, leaving the oyster 
more vulnerable to predators (Havens et al. 2013). 

•	 Sea-level rise: The combined impact of decreasing 
freshwater inflow and rising sea level will likely 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 Dry Bar, as freshwa-
ter flow from Apalachicola River is pushed toward Dry 
Bar (Huang et al. 2015). While most oysters in Apala-
chicola Bay are subtidal, intertidal oysters will have to 
cope with increased submergence times. Solomon et 
al. (2014) found that shell length and recruitment are 
greatest at high rates of submergence for intertidal oys-
ters in Apalachicola Bay. However, these submerged 
reef elevations also had the highest rates of sedimenta-
tion, which can smother reefs. 

•	Hurricanes and tropical storms: Hurricanes can nega-
tively impact oysters and may cause erosion of reef sub-
strate, sedimentation and burial of reefs, and extreme 
salinity changes (Edmiston et al. 2008). Hurricanes also 
redistribute shell off the reef, where it can be buried 
and lost in the mud (Twichell et al. 2010). Storms often 
bring heightened pollutant and nutrient loads with ter-
restrial runoff, which can feed algal blooms (including 
red tide) and lead to hypoxia (Edmiston et al. 2008). 

•	Harvesting: The effect of harvest on a fishery is gener-
ally considered a threat only if harvest exceeds the abili-
ty of the population to replenish itself. Pine et al. (2015) 
found that Apalachicola Bay was not experiencing re-
cruitment overfishing, whereby the population of adults 
can no longer replace itself. There is no assessment of 
growth overfishing, whereby oysters may be harvested 
at a size too small to support a maximum sustainable 
yield, but one still might argue that if the number of 
legal-size oysters were extremely limiting, growth over-
fishing might be occurring. However, removal of shell 
substrate can cause impacts similar to overfishing as it 
results in the loss of substrate. Substrate loss is a sig-
nificant factor for poor recruitment; therefore, fishing 
without shell replacement (as well as illegal fishing not 
complying with regulations) greatly reduces the chance 
that populations may recover (Havens et al. 2013). The 
effect of harvest on the ecosystem services oyster reefs 
provide, however, has not been well assessed and re-
mains controversial (Beck et al. 2011). 

Apalachicola Bay oyster 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 
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modern starting point for the knowledge of the distribu-
tion of natural reefs in the bay before the extensive shell 
planting programs discussed above were started. 

U.S. Geological Survey geophysical mapping of 
subtidal oysters

Following Swift (1897), another comprehensive survey 
of Apalachicola’s subtidal reefs did not occur until 2005–
2006, when the U.S. Geological Survey used interferometric 
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 collected using 
an outboard-propelled boat, which was used to survey 
depths greater than 2 m (6.5 ft); an autonomous surface 
vehicle was used to survey depths between 0.75 and 2 m 
(2.5–6.5 ft). Approximately one-third of the total 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 
current 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://catalog.
data.gov/dataset/benthic-habitats-and-surficial-geology-
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 shelling locations (Fig. 3.10). The reefs shown on the 
FDACS map are mainly subtidal, though some nearshore 
reefs are likely intertidal. This map is likely the most com-
prehensive map that differentiates between natural and 
constructed (restored) oyster reefs in the bay. It should 
be noted that 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

Oyster reefs in the intertidal areas of Apalachicola Bay 
have largely been neglected in most mapping efforts be-
cause most of the oyster harvest has come from subtidal 
reefs, and the area covered by intertidal reefs is much less 
than by subtidal reefs. The University of New Hampshire 
(UNH) and The Nature Conservancy (TNC) developed 
new maps for oyster reefs in Apalachicola Bay and as-
sessed the potential of high-resolution satellite imagery 
for mapping and monitoring (Grizzle et al. 2017a). The 

Figure 3.9. Composite map of the surficial geology of Apalachicola Bay based on 2005–2006 sonar-
based mapping. (Figure from Twichell et al. 2007.)
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project used both high-resolution GeoEye satellite imag-
ery from Grizzle et al. (2015) and ground truthing to assess 
the position and size of oyster reefs at the time. One hun-
dred reefs were sampled, and oyster density was analyzed. 
This study concluded that most of the oyster reefs on the 
western side of the bay consisted of dead shells, indicative 
of a recent mass mortality, with little recent recruitment. 
Comparison of ground-truthing data to satellite imagery 
indicated a classification accuracy of 77–97%. 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 previously published subtidal maps men-
tioned above with the intertidal oyster reefs mapped by 
Grizzle et al. 2017a. This compilation and the FWC com-
pilation (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. No spatially detailed data are available on the condi-
tion of these reefs apart from the intertidal reefs mapped 
by the University of Central Florida (UCF) and UNH (see 
data in Grizzle et al. 2016, 2017a, 2017b).

Intertidal reef mapping by the University of 
Central Florida

Researchers from UCF (Melinda Donnelly, Linda Wal-
ters, 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 accuracy of the im-
agery interpretation. Field observations were conducted at 
a total of 100 random locations (50 oyster, 50 nonoyster) in 
summer 2013 (96% accuracy). A total of 603 intertidal reefs 
were identified, covering approximately 80 ha (198 ac); the 
majority of intertidal reefs were found near natural shore-
lines on lands managed by St. George Island State Park and 
St. Vincent National Wildlife Refuge. Mapping was support-
ed by a grant from NOAA. Shapefiles are available by con-
tacting Melinda Donnelly (Melinda.Donnelly@ucf.edu). 

Northwest Florida Water Management District 
oyster mapping

The most recent NWFWMD land-use/land-cover 
(LULC) map that included a separate oyster reef layer is 

Figure 3.10. Composite map from FDACS’ Division of Aquaculture showing oyster bottom areas (planted and 
natural bars) in Apalachicola Bay (provided by Joe Shields).

mailto:Melinda.Donnelly@ucf.edu
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from 2009–2010 (NWFWMD 2010). Oysters were mapped 
following the Florida Land Use and Cover Classification 
System (FLUCCS), which included a category for oyster 
bars (FLUCCS 6540; FDOT 1999). Mapped oyster reefs 
in Gulf and Franklin counties included intertidal 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 available for download 
at http://www.fgdl.org/metadataexplorer/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 
photographs by the GIS group at FWC’s Florida Marine 
Research Institute (since renamed Fish and Wildlife 
Research Institute) (FWC 1986). The ANERR shapefile 
is available for download at http://cdmo.baruch.sc.edu/
get/gis.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 to study 
the effects of changing river flow on the environmental 
variables at those sites. More water quality stations were 
added at Pilot’s Cove in 2015 and at Little St. Marks in 
2016. Since 2002, monthly sampling for nutrient and 
chlorophyll-a began including sites throughout the bay, 
Apalachicola River, and offshore. ANERR also has a 

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, Grizzle et al. 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. 

http://www.fgdl.org/metadataexplorer/explorer.jsp
http://cdmo.baruch.sc.edu/get/gis.cfm
http://cdmo.baruch.sc.edu/get/gis.cfm


 Oyster Integrated Mapping and Monitoring Program Report for the State of Florida  61

weather station that has collected meteorological data in 
East Bay since 1999. All data are available at http://cdmo.
baruch.sc.edu/.

 ANERR has also collaborated with multiple re-
searchers for large-scale studies of oyster populations in 
relation to physical parameters within Apalachicola Bay. 
Petes et al. (2012) looked at oyster mortality in relation 
to salinity, temperature, and presence of dermo. They 
found that oysters suffered more disease-related mortal-
ity in high-salinity conditions, especially during warmer 
months, and that vulnerability was size specific; larger 
oysters were more susceptible. Kimbro et al. (2017) stud-
ied 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 pre-
dation rates. 

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

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

Apalachicola Bay restoration mapping and 
monitoring

An oyster cultch placement project in Franklin Coun-
ty was funded by a Gulf Coast Ecosystem Restoration 
Council grant (GCERC 2016). This project is a continua-
tion of a Deepwater Horizon Natural Resource Damage 
Assessment (NRDA) Phase III Early Restoration project 
and National Fish and Wildlife Foundation project. The 
project involved the placement of suitable cultch on de-
pleted oyster reefs to promote new oyster colonization. 
The coordinates and description of these restoration ef-
forts can be found in the project report (FDACS 2017b). 
Approximately 72,000 m3 (95,000 yd3) of lime rock aggre-
gate were deposited onto an estimated 128 ha (317 ac) of 
depleted reefs in the fall of 2017. Site selection and cultch 
placement were coordinated through FDACS. FDEP’s 
Central Panhandle Aquatic Preserves office is monitoring 
the success of this restoration effort. Cultched reefs will 
be mapped in the Apalachicola Bay system to depict the 
extent of enhanced oyster reefs.

A second cultch restoration project focused in Apala-
chicola Bay was initiated in 2014 and is also funded by 
oil spill reparation funding through the National Fish 

and Wildlife Foundation. This ongoing five-year project 
is a collaboration between FWC, the University of Flor-
ida (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. At each of those experimental sites, 
five 2-ac parcels were delineated and cultched at different 
shell densities (0, 100, 200, 300, and 400 yd3/ac) in order 
to identify optimal shell density for future restoration ef-
forts. Following construction, UNH and Substructure Inc. 
conducted acoustic mapping and ground truthing of the 
experimental sites. FWC and UF are monitoring oyster 
density, size distribution, and oyster health and condition 
assessments. The coordinates and description of cultch-
ing efforts can be found in FDACS’s final report summa-
rizing its component of the project (FDACS 2015b). De-
tails and results from the acoustic mapping component 
can be found in UNH’s final report (Grizzle et al. 2017b). 

Fishery disaster recovery project
Ongoing efforts for the recovery of Apalachicola Bay 

following the collapse of the oyster fishery in 2012–2013 
are collaborative between the Florida Department of Eco-
nomic Opportunity, FDACS, FDEP, and FWC. The on-
going monitoring component is conducted by FWC and 
includes pre– and post–commercial season metrics of 
oyster density at 15 oyster reefs located throughout the 
bay. In addition, monthly measures of larval settlement 
rates are recorded at those same 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 oyster habitat have experienced substantial loss 
of settlement substrate (Parker 2016).

FWC oyster population monitoring 
In July 2015, the State of Florida provided funding 

for the establishment an annual monitoring program for 
Apalachicola’s commercially fished oyster reefs for fish-
ery management purposes. This program continues the 
annual oyster density and size monitoring that had been 
conducted by FDACS since 1990. In addition, the FWC 
program conducts monthly measures of oyster condition, 
dermo prevalence and intensity, reproductive develop-
ment, and incidence and severity of shell pest infestations. 
The FWC program will continue to monitor monthly lar-

http://cdmo.baruch.sc.edu/
http://cdmo.baruch.sc.edu/
http://geodata.myfwc.com/datasets/oyster-beds-in-florida
http://geodata.myfwc.com/datasets/oyster-beds-in-florida
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val settlement rates after the Fishery Disaster Recovery 
Project concludes in 2019. 

Modeling efforts in Apalachicola Bay
A series of papers has 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 within the 
ACF river basin. 

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

coastal zone natural resources. These maps are designed 
for use in damage evaluation, prevention, and clean-up 
for oil spills. Areas are mapped on a scale of sensitivity 
based on potential 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 
was published in 1995 (RPI 1995). More information 
and ESI mapping data can be found at http://ocean.
floridamarine.org/esimaps/. 

Disease monitoring
The prevalence and intensity of dermo in the eastern 

oyster are monitored in several locations in Apalachicola 
Bay by the Oyster Sentinel, established by Thomas Soniat 
at the University of New Orleans. Monitoring locations 
and data are available at http://www.oystersentinel.org. 
Monitoring includes water temperature and salinity. 

Contaminant monitoring
Oyster samples from Cat Point Bar and Dry Bar in 

Apalachicola Bay are included in the National Oceanic 
and Atmospheric Administration’s (NOAA’s) Mussel 
Watch program, which monitors sites around the United 
States for organic and inorganic pollutants. Oysters from 
Apalachicola Bay had moderate levels of arsenic and mer-
cury (Kimbrough et al. 2008).

Recommendations for mapping, monitoring 
and management
•	Design and implement periodic and extensive mapping 

of subtidal and intertidal reefs that is both practical 
and sustainable. While portions of intertidal reefs have 
recently been mapped and characterized, there has been 
no comprehensive mapping of the bay’s entire subtidal 
oyster reef system since Swift (1897). Such a program 
should yield data that can be coupled with fishery-in-
dependent monitoring of the condition of the reefs in 
all areas of the bay to more fully assess the bay’s oyster 
resources.

•	Monitor the condition of the bay’s oyster reefs, in-
cluding harvested and nonharvested reefs. Fishery-de-
pendent data are limited to reefs open to fishing, so 
fishery-independent monitoring should be expanded 
to include adequate sampling of both harvested and 
non-harvested reefs (Havens et al. 2013). The resulting 
data should be coupled with mapping programs to im-
prove understanding of spatial and ecological relation-
ships between the bay’s oyster reefs and environmental 
variability.

•	Better manage the fate of oyster shell removed during 
harvest. The importance of adequate hard substrate 
for larval settlement, and thus long-term sustainability 
of oyster reefs, has long been recognized (Swift 1898). 
Shelling programs have been conducted in Florida by 
FDACS, but no permanent funding source exists. These 
programs have focused on Apalachicola Bay and, more 
recently but to a lesser extent, St. Andrew and Pensaco-
la bays, but they have relied on grants. The importance 
of shelling programs to oyster management is well es-
tablished (Pine et al. 2015). Many questions remain, 
however, with respect to details in program design (Ha-
vens et al. 2013). Ongoing research is aimed at assess-
ing optimal densities for deployment of fossil shell, but 
research also is needed on where shell plantings should 
be located, the types of substrate (e.g., fossil shell, recy-
cled seasoned shell) that are most effective, and how to 
spread the shell.

•	 Investigate management needs and social issues related 
to salinity and river discharge requirements for Apala-
chicola Bay. Increased salinity as a result of reduced 
river discharges to the bay and sea-level rise is a ma-
jor threat to oysters in this region, but also one of the 
most difficult to address. Litigation continues for water 
rights between states in the ACF watershed (Florida v. 
Georgia 2018, Pittman 2018). Although there has been 
a substantial amount of research on how oyster popu-

http://ocean.floridamarine.org/esimaps/
http://ocean.floridamarine.org/esimaps/
http://www.oystersentinel.org
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lations 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 roles of oysters in 
Apalachicola Bay. The bay’s oyster resource has histor-
ically been managed almost entirely as a resource for 
human harvest, but oyster reefs also provide habitat, 
improve water quality through filter feeding, and are 
components of the estuary food chain. More infor-
mation is needed particularly on how oyster harvest 
practices impact these ecological roles, and on how to 
optimize ecosystem functionality in a heavily harvested 
estuary.

•	 Further explore the role of oyster aquaculture in the 
bay. Oyster farming and oyster fishing are not mutually 
exclusive, but the tradition in Apalachicola Bay has not 
included aquaculture. In contrast, oyster farming is be-
coming increasingly common in other Florida estuar-
ies, such as nearby Apalachee Bay and Alligator Harbor 
(FDEP 2018; Reiley 2018). The use of Territorial User 
Rights Fisheries (TURFs; Prince et al. 1998), in which 
oysters are harvested from areas leased to individual 
oyster farmers rather than from common-use public 
reefs (Havens et al. 2013, Camp et al. 2015), should also 
be explored. Individual leases help prevent unsustain-
able fishing practices and shell removal and encourage 
stewardship of reefs for long-term use, such as shelling 
to replace lost substrate. 

•	 Involve all relevant state agencies, experts from aca-
demic institutions, and community organizations such 
as the Seafood Management Assistance Resource and 
Recovery Team (SMARRT) to develop an oyster man-
agement plan for the long-term well-being of oyster 
populations and the oyster industry in Apalachicola 
Bay. Although the present oyster shell height limit of 76 
mm (3 in) is appropriate, it needs to be better enforced. 
Harvesting sublegal-size oysters is detrimental to fu-
ture Apalachicola Bay oyster populations (Havens et al. 
2013). Spatial restrictions and temporary closures need 
to be enforced and respected, including continuation 
or implementation of on-land and on-water checks. A 
bag tax used to fund research and monitoring programs 
that ended in the 1990s could also be reinstated (Pine et 
al. 2015). 

•	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. 
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