
124	 Radabaugh, Geiger, and Moyer, editors		

Chapter 8 
Central Eastern Florida

Melanie Parker, Florida Fish and Wildlife Conservation Commission

Vincent Encomio, University of Florida/ Institute of Food and Agricultural Sciences Florida Sea Grant 

Jeff Beal, Florida Fish and Wildlife Conservation Commission

Phyllis A. Klarmann, South Florida Water Management District

Emily Dark, Indian River Lagoon Aquatic Preserves

Joshua Breithaupt, University of Central Florida

Kara R. Radabaugh, Florida Fish and Wildlife Conservation Commission

Description of the region
The Central Eastern region of Florida includes the 

Indian River Lagoon (IRL) system, St. Lucie Estuary, the 
Loxahatchee River, and Lake Worth Lagoon (Fig. 8.1). 
Water management in the region is divided between the 
jurisdictions of the St. Johns River Water Management 
District (SJRWMD) and the South Florida Water Man-
agement District (SFWMD). The coast includes sandy 
beaches on the Atlantic side of the barrier islands and 
a mosaic of mangroves, salt marshes, oyster reefs, and 
tidal flats in the protected inshore lagoons. Historically, 
these barrier islands were in a state of natural flux and 
inlets periodically opened or closed, altering salinity in 
the enclosed bays and lagoons. Human development has 
restricted that natural process, and many of the inlets are 
now permanently open to the Atlantic Ocean. 

Hydrology in the region has been highly altered by 
urban development, freshwater management practices, 
mosquito ditching, dredge-and-fill operations, and con-
struction of the Intracoastal Waterway (ICW). Regional 
watersheds are now considerably larger because of the 
construction of canals to drain inland wetlands for ag-
riculture and development. Existing watershed-to-ba-
sin ratios for this region are 5:1 for the IRL (Engle et al. 
2007); 98:1 for the St. Lucie Estuary (the estuary also 
receives freshwater releases from Lake Okeechobee; C. 
Buzzelli pers. comm., SFWMD et al. 2009); 175:1 for the 
Loxahatchee River and Estuary (Howard et al. 2011); and 
7:1 for the Lake Worth Lagoon (Taylor Engineering Inc. 

2009). Freshwater delivery to estuaries varies as a result of 
concentrated surface water flow, freshwater management, 
storms, and droughts, which in turn make salinity wide-
ly variable and result in challenging conditions for oyster 
growth.

The eastern oyster (Crassostrea virginica) has the 
highest rates of survival and reproduction at a salini-
ty between 14 and 28 (Shumway 1996). Oyster reefs are 
therefore largely confined to bays, lagoons, and rivers 
with predominantly brackish salinity regimes along cen-
tral and southeast Florida (Arnold et al. 2008, Parker and 
Geiger 2010). While the eastern oyster forms large reefs, 
the flat oyster (Isognomon alatus) can also be found on 
seawalls, pilings, and mangrove prop roots (Bachman et 
al. 2004) and can be a major component of some reefs 
(e.g., in the southwest fork of the Loxahatchee River). 
The crested oyster (Ostrea stentina) is also occasionally 
found in downstream, high-salinity areas of this region 
on mangrove prop roots (Abbott and Morris 1995, Puglisi 
2008). Oyster reefs on the southeast coast of Florida often 
have lower densities than reefs on the southwest coast, al-
though growth, condition index, and reproductive activi-
ty are comparable (LWLI 2013, Parker et al. 2013).

Indian River Lagoon
The IRL system consists of a series of coastal lagoons 

(Mosquito Lagoon, Banana River Lagoon, and Indian 
River Lagoon) enclosed by barrier islands (Fig. 8.2). The 
IRL covers 40% of Florida’s east coast and includes seven 
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Florida Department of Environmental Protection (FDEP) 
aquatic preserves: Mosquito Lagoon, Banana River, 
North Fork St. Lucie River, Loxahatchee River-Lake 
Worth Creek, and three Indian River preserves (Malabar 
to Vero Beach, Vero Beach to Ft. Pierce, and Jensen Beach 
to Jupiter Inlet). The southern portion of Mosquito La-
goon is managed by Canaveral National Seashore and 

Merritt Island National Wild-
life Refuge.

Historically, the IRL 
drainage basin was much 
smaller than today, and its 
boundary followed the Atlan-
tic Coastal Ridge. Numerous 
canals were constructed from 
1916 to the 1950s to drain wet-
lands for agriculture, which 
greatly increased both the 
size of the IRL watershed and 
the rate at which water was 
delivered to the lagoon. The 
canals concentrate stormwa-
ter runoff, delivering large 
quantities of freshwater flow 
and associated land pollut-
ants into the lagoon during 
the rainy season (FDEP 2014). 
Upstream agricultural and 
urban consumption has de-
creased freshwater flow in the 
dry season. Other constructed 
hydrologic alterations include 
multiple causeways and im-
poundments on many of the 
remaining coastal wetlands. A 
prominent feature of the IRL 
system is the dredged ICW 
and associated spoil islands. 
The ICW was conceived in the 
1800s and was dredged in the 
early to mid-1900s. For much 
of the IRL, the spoil was piled 
into a series of islands. Some 
of these islands were built 
as ring-shaped levees, which 
were intended to be flooded to 
reduce mosquito breeding but 
have now created enclosed ba-
sins of poor water quality. In 
some cases, spoil islands may 
create beneficial intertidal 

habitat. Some of the ring-shaped levees have been opened 
to improve water quality within the impoundments, cre-
ating small areas of suitable habitat for oysters.

The barrier islands that border the east side of the 
IRL system restrict tidal exchange and currents, resulting 
in a long water residence time and making the region sus-
ceptible to impaired water quality (FDEP 2009a, 2009b, 

Figure 8.1. Oyster extent within the central eastern Florida region.
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2014). Along the 250-km (156-mile) extent of the IRL sys-
tem there are five permanent inlets that connect with the 
Atlantic Ocean (Ponce, Sebastian, Fort Pierce, St. Lucie, 
and Jupiter inlets). The Banana River Lagoon requires 
two years for complete turnover (FDEP 2013). In extreme 
summer droughts, a combination of evaporation, low 
freshwater input, and limited flushing has caused salini-
ty to reach 45 in the Banana River Lagoon (FDEP 2014). 
Turnover in the southern IRL is 10–15 times faster than 
in the northern lagoons (FDEP 2009b, FDEP 2014). The 
average depth of the IRL is 1.2 m (4 ft). The shallow water 
warms quickly in summer, decreasing oxygen solubility 
and facilitating development of hypoxia or anoxia (FDEP 
2014). The region is also susceptible to cyanobacterial 
blooms, harmful algal blooms, and associated mortality 
of seagrass, marine mammals, and birds (FDEP 2014). 
Harmful algal species include those that cause brown tide 
(Aureoumbra lagunensis), red tide (Karenia brevis), and 
paralytic shellfish poisoning (Pyrodinium bahamense). 
Research into the ecosystem-wide relationships that lead 

to these algal blooms and mortality events is a key focus 
of scientific and management efforts in the IRL (SJRW-
MD et al. 2012).

Extensive oyster reefs are generally not found today 
within the main portion of the IRL, although the presence 
of shell middens along the coast of the IRL (FDEP 2014) 
and buried oyster shells (William Arnold, pers. comm.) in-
dicate more extensive reefs existed in the past. The decline 
in oyster populations is likely a result of habitat degrada-
tion, altered salinity regimes, and decreased water quality 
(high salinity, low dissolved oxygen, algal blooms, etc.) 
(FDEP 2014). While oysters are abundant in the northern 
portion of Mosquito Lagoon (see Chapter 9), they are not 
common in the southern portion due to limited suitable 
substrate and salt marsh extent, minimal tidal flushing, 
and seasonally variable water levels. Seasonal precipi-
tation patterns and winds can also result in changes in 
water levels that exceed tidal range, leading to seasonally 
variable water depths (FDEP 2009a, Smith 1993). Patches 
of oysters are occasionally present around spoil islands, 

Figure 8.2. Mapped oyster extent within the northern (left) and central (right) Indian River Lagoon system. Oyster 
maps likely underestimate the extent of oysters in the IRL. Oyster mapping sources: Gambordella et al. 2007 (made 
from 2005–2006 field surveys) and FWC et al. 2018 (from 2018 field surveys and aerial photography). 
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and oysters can be found at the periphery of the IRL, of-
ten growing beneath or on the prop roots of red mangrove 
(Rhizophora mangle) trees (Aquino-Thomas and Proffitt 
2014). The red mangroves facilitate oyster establishment 
by providing a substrate for growth and protection from 
erosion and sedimentation (Aquino-Thomas and Proffitt 
2014). Oysters on mangrove roots are difficult to map and 
frequently do not appear on maps of oyster reefs, so IRL 
oyster maps likely underrepresent their true extent (Fig. 
8.2). There are some oyster reefs in the central IRL locat-
ed near the Northern Relief Canal near Vero Beach, and 
Jack Island and Wildcat Cove near Fort Pierce (lower right 
of Fig. 8.2). These three reefs are all found in the Indian 
River - Vero Beach to Fort Pierce Aquatic Preserve.

The most significant oyster populations along the 
IRL are found within tributaries, including the Sebas-
tian River (Fig. 8.2). Oyster populations in the Sebastian 
River fluctuated after construction of the Sebastian In-
let, which increased salinity, and completion of the C-54 
flood-control canal, which decreased salinity (Gambor-
della et al. 2007). Studies conducted by the Florida Fish 
and Wildlife Conservation Commission (FWC) during 
2005–2007 showed that salinity in the Sebastian River 
was generally below 20 and that values below 5 were 
not uncommon (Arnold et al. 2008). These FWC mon-
itoring efforts followed an extremely active 2004 storm 
season, the most active Atlantic hurricane season on re-
cord. From 2005–2007, considerable freshwater inputs 
from rainfall and runoff substantially reduced salinity 
to levels below the oyster tolerance range (Paperno et 
al. 2006, Steward et al. 2006). When the FWC study was 
initiated, in early 2005, oysters in the Sebastian River 
were scarce and likely recovering from a large-scale die-
off in late 2004. Their recovery was further impeded by 
the active 2005 storm season. As a result, densities of live 
oysters in the Sebastian River were relatively low during 
that period (Parker et al. 2013). The oyster population 
in the Sebastian River recovered in 2007 after salinity 
increased to more suitable levels for oyster growth and 
survival (Arnold et al. 2008, Parker et al. 2013).

A commercial oyster fishery operated intermittently 
in the IRL during the 1800s, flourishing after the con-
struction of the railroad and becoming well known by the 
1900s (Gambordella et al. 2007). Periodic opening and 
closing of inlets to the IRL resulted in variable salinity, 
contributing to a decline in oyster extent and commercial 
harvest by the 1960s (Gambordella et al. 2007). Today the 
IRL contains nine shellfish harvesting areas with varying 
degrees of allowable harvest (Fig. 8.3, FDACS 2017). Oys-
ter harvests for the region remain relatively low, particu-
larly since the 1980s (Fig. 8.4, FWC 2018). 

St. Lucie Estuary
The St. Lucie Estuary (SLE; Fig. 8.5) was a freshwater 

river until the St. Lucie Inlet was created in 1892, resulting 
in saltwater intrusion that extends as far as 26 km (16 mi) 
upstream (FDEP 2009c). Construction of the St. Lucie 
Canal (C-44) was completed in the 1920s, draining large 
areas west of the river and connecting Lake Okeechobee 
to the south fork of the St. Lucie River (FDEP 2014). The 
north fork was connected to the C-23/C-24 canal system 
in the 1950s as part of the Central and Southern Florida 
Project, further increasing freshwater diversions to the 
SLE. Water releases from Lake Okeechobee increased 
freshwater inflow as well as sediment and nutrient load to 
the SLE and southern IRL, decreasing water clarity and 
resulting in the loss of seagrass and oyster habitats (Bar-
tell et al. 2004, FDEP 2014). Key components of the Com-
prehensive Everglades Restoration Plan (CERP) aim to 
improve the quality, quantity, timing and distribution of 
fresh water delivered to the SLE. The eastern oyster was 
chosen as an indicator species in the CERP REstoration, 
COordination, and VERification (RECOVER) Monitor-
ing and Assessment Program due to its wide distribution 
and importance to estuarine ecosystems (CERP 2004, 
Parker et al. 2013). The density, population structure, and 
condition of oysters are therefore routinely monitored in 
the SLE. The SLE was estimated to contain 570 ha (1,400 
ac) of oyster reefs in 1940–1960 (Fig. 8.6; URS Greiner 
Woodward Clyde Inc. 1998). Oyster extent had decreased 
to ~80 ha (200 ac) by the late 1990s (SFWMD 2002a). The 
goal of SLE restoration according to CERP and SFW-
MD’s minimum flows and levels process is to “promote 
and sustain a healthy oyster population” and increase the 
acreage of oyster reefs (Dixon et al. 1994, SFWMD 2002a, 
2007). SFWMD (2014) outlines the oyster monitoring re-
sults for live density, recruitment rate, and dermo (Perk­
insus marinus) infection prevalence and intensity for the 
SLE by subbasin. 

Salinity effects on different size classes are a key fac-
tor impacting oyster populations in the SLE, but other 
factors that are related to salinity (such as predation and 
parasitism) or sometimes correlated with it (e.g., tur-
bidity, chlorophyll a, temperature) likely help determine 
population dynamics (Salewski and Proffitt 2016). Per-
haps most important is the interaction of temperature 
and salinity. The most stressful time of year for an oyster 
in Florida is during the summer months when tempera-
tures are high, often near their upper physiological toler-
ance limits. Water temperatures have exceeded 32°C for 
four months or more, and oysters can experience even 
higher temperatures if they are exposed during after-
noon low tides. When oysters are subjected to environ-
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mental conditions that meet or exceed their tolerance 
limits, their energetic capacity to deal with additional 
stresses, such as salinity extremes, are diminished or 
lost (Parker 2015). Winter is an essential time for oys-
ters in southeast Florida to allocate energetic reserves 
for growth and reproduction. Conditions are the least 
stressful when temperatures are lower, salinity is mod-
erate, dissolved oxygen concentrations are greater, and 
predation and disease are less prevalent (Thompson et 
al. 1996, Arnold et al. 2008). Stressful events in the win-
ter season may require oysters to allocate energy toward 
survival and reduce energy input toward gametogenesis 
(Kraeuter et al. 1982, Thompson et al. 1996), but these 

effects are less adverse than those incurred during the 
warm summer months.

The population and health of oysters in the SLE 
fluctuate dramatically due to variable freshwater inflows 
related to storm events and managed freshwater releas-
es associated with Lake Okeechobee and the surround-
ing canals. The timing, magnitude, and duration of a 
freshwater release govern the severity of the impact on 
the local oyster population as well as the recovery time 
following the release. In 2004 and 2005, excess rainfall 
from hurricanes and large freshwater releases from Lake 
Okeechobee resulted in low salinity and widespread oys-
ter mortality within the SLE (Arnold et al. 2008, Parker 

Figure 8.3. Shellfish harvesting areas in the central eastern Florida region. Data source: FDACS 2017.

Figure 8.4. Commercial oyster landings for counties in the central eastern Florida region. Data sources: summary of 
Florida commercial marine fish landings (see Appendix A) and FWC 2018. Oyster landings data before 1986 were 
collected under a voluntary reporting system.



	 Oyster Integrated Mapping and Monitoring Program Report for the State of Florida 	 129

and Geiger 2013, Parker et al. 2013). Estuarine salinity 
remained below oyster tolerance levels through Decem-
ber 2005, so larvae from downstream locations could 
not settle and repopulate the SLE reefs, and recovery 
was delayed until late 2006. SLE oyster populations were 
again damaged when Tropical Storm Fay hit in August 
2008. Though the event was of relatively short duration, 

the rainfall and freshwater in-
flows associated with it caused 
another oyster die-off. Salinity 
rapidly increased to tolerable 
levels immediately following 
the storm, allowing for set-
tlement of larval recruits in 
late fall before the end of the 
2008 spawning season. Those 
recruits successfully overwin-
tered, allowing for a more 
rapid recovery in 2009 (Parker 
2015).

The reprieve for oysters in 
the SLE was short-lived as sa-
linity decreased again in 2010 
due to a prolonged freshwater 
release that lasted from March 
through October. Although 
oyster mortality was not es-
tuary-wide, upstream oysters 
were disappearing or exhibiting 
poor health during the warm 
summer months. In addition, 
the freshwater release coincided 
with the months of peak oyster 
reproductive development and 
spawning, and though oysters 
developed and spawned as ex-
pected, recruitment rates were 
significantly lower, suggesting 
that larvae were either killed by 
the low salinity or flushed out 
of the estuary by high water 
flow (Parker 2015).

Near-drought conditions 
in early 2012 kept SLE salin-
ity levels relatively high and 
near optimal levels for oysters 
(Parker and Geiger 2013). Lat-
er in 2012, rainfall from Hurri-
cane Isaac caused less damage 
to the SLE oyster reefs than 
storm-associated rains in 2005 

or 2008, possibly due to management decisions to de-
lay freshwater releases from Lake Okeechobee for a few 
weeks after the storm (Parker and Geiger 2013). SLE sa-
linity recovered quickly in late 2012. For the first sever-
al months of 2013, drought conditions kept salinity so 
high it often exceeded the oyster tolerance range. High 
rainfall in the early wet season of 2013 led to high water 

Figure 8.5. Oyster extent within the St. Lucie Estuary. Oyster mapping sources: 
Ibis Environmental Inc. 2004 (made from 2003 field surveys) and Dial Cordy and 
Associates Inc. 2011 (from 2011 side-scan sonar).
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levels in Lake Okeechobee, and subsequent freshwater 
discharges caused salinity to decrease rapidly to subopti-
mal levels. This event caused another widespread oyster 
die-off in the SLE and led to high levels of fecal coliform 
bacteria and a cyanobacterial bloom, both of which 
prompted the Martin County Department of Health 
to issue a health advisory regarding poor water quali-
ty. Density surveys conducted in December 2013 found 
only a few live oysters, all of which were spat that had 
settled in the past few weeks, and no live adults.

 Excess freshwater releases from Lake Okeechobee 
during the 2015–2016 El Niño resulted in low salinity in 
the SLE from February through October 2016, causing a 
loss of oysters upstream (Parker and Radigan 2017). The 
oyster population response was similar to the response to 
the 2010 event, in that recruitment rates were poor even 
though spawning did occur. Freshwater discharges fol-
lowing Hurricane Irma in September 2017 had an even 
greater impact on oyster populations in the SLE, as they 
continued into late December, hindering the fall spawn-
ing and recruitment season. 

Loxahatchee River

The Loxahatchee River crosses through both Mar-
tin and Palm Beach counties, draining a watershed of 
700 km2 (270 mi2) before it reaches the Atlantic Ocean 
at the Jupiter Inlet (Fig. 8.7; SFWMD 2006, Howard and 
Arrington 2008). The tidal floodplains and estuary with 
its seagrasses, mangroves, and oyster beds are valuable 
ecological resources within the watershed, which also 
includes extensive urban development. Historically, the 
Jupiter Inlet opened or closed as a result of storm events 
and river flow. After the construction of the ICW and the 
Lake Worth Inlet, the Jupiter Inlet frequently remained 
closed until the 1940s, after which the Inlet was kept 
open through dredging operations and the construction 
of jetties and sand traps (SFWMD 2006). The Loxa-
hatchee River watershed has been permanently altered 
by the stabilization of Jupiter Inlet, which heightens tid-
al amplitude and saltwater intrusion. Freshwater flow 
has also been altered by the construction and operation 
of drainage canal systems.

Figure 8.6. Historical extent of oyster reefs in the St. Lucie Estuary. Figure credit: FDEP 2009c.
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Oysters were intermittently present along Jupiter In-
let and Hobe Sound, their abundance influenced by the 
opening and closing of the inlet (Gambordella et al. 2007). 
Oyster populations declined by the 1990s; today a mod-
erate population is found in the central embayment and 
northwest fork of the Loxahatchee River and a smaller as-
semblage in the southwest fork (Fig. 8.7; Gambordella et 

al. 2007, Howard and Arrington 
2008). While some oysters have 
been documented on the north 
fork of the river (Law Environ-
mental 1991), this area has not 
been mapped. In an average 
year, salinity ranges between 15 
and 20 within the northwestern 
fork of the Loxahatchee River, 
within the optimal range for 
oyster survival. Salinity in the 
southwestern Loxahatchee Riv-
er is consistently higher, closer 
to 30 (Parker and Geiger 2010). 
Both branches of the river sup-
port moderate to high densities 
of oysters, with the northwest-
ern fork generally containing 
more suitable substrate for oys-
ters and higher densities on reefs 
and associated with mangroves 
(Fig. 8.8), particularly 6.5–11 
km (4–7 mi) upstream (Parker 
et al. 2013, SFWMD 2002b). 

The Loxahatchee River has 
been affected by salinity fluctu-
ations associated with storms 
and water management prac-
tices, but a large-scale oyster 
die-off has not been document-
ed (Parker 2015). Densities of 
live oysters were lower in 2005 
than in subsequent years, re-
flecting the impact of the ac-
tive 2004/2005 storm seasons, 
but oyster populations rapidly 
recovered under the higher sa-
linity in 2006. In 2016, salinity 
decreased in the Loxahatchee 
River as a result of increased 
freshwater flow associated with 
El Niño precipitation. Oysters 
upstream in the northwestern 
Loxahatchee River experienced 

a die-off, but higher salinity in the rest of the river sup-
ported a thriving population (Parker and Radigan 2017).

Although the effects of low-salinity events are often 
more acute, long-term exposure to high salinity can also 
be harmful. In the Loxahatchee River, salinity often ex-
ceeds the optimal range, and during such periods disease 
and predation rates increase substantially. Oysters that 

Figure 8.7. Oyster extent in the Loxahatchee River. Oyster mapping sources: 
Dial Cordy and Associates Inc. 2011 (made from 2011 side-scan sonar) and 
Howard and Arrington 2008 (from 2008 field surveys). 
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are physiologically acclimated to high salinity may be less 
able to cope with additional stresses, such as a rapid de-
crease in salinity. It follows that an oyster adapted to high 
salinity that has been weakened by a parasitic infection, 
e.g., dermo, would be even less likely to be able to with-
stand extreme changes and would more rapidly die when 
salinity decreases abruptly. As a consequence, oyster den-
sities in the Loxahatchee River are likely moderated by the 
higher disease and predation rates. 

Lake Worth Lagoon
The Lake Worth Lagoon (LWL) is a long, narrow 

lagoon that extends 35 km (22 mi) along coast of Palm 
Beach County (Fig. 8.9). The LWL began as Lake Worth, 
a freshwater lake that received sheet flows of surface wa-
ter from the Everglades. The lake became a saline lagoon 
following construction of artificial inlets to the Atlantic 
Ocean in the early 1900s (CERP 2005). More than 81% of 
the lagoon’s present shoreline is surrounded by urban de-
velopment (PBC DERM 2008); mangroves occupy some 
islands and patchy regions of the shoreline. The LWL 
receives freshwater input from the Earman River, West 
Palm Beach Canal, and Boynton Canal (C-17, C-51, and 
C-16 canals, respectively) (SFWMD 2013). 

Oysters were not present in Lake Worth while it was 
a freshwater lake, but they occurred intermittently after 
the artificial inlets created the brackish lagoon (Gambor-
della et al. 2007). The LWL supported an oyster fishery in 
the early 1900s, but it had declined by the 1950s (Linehan 
1980, Gambordella et al. 2007). Oysters are not harvested 
in the LWL at present, nor does the region include any 
other shellfish-harvesting areas (FDACS 2017). Oysters 
can still be found on mangroves, jetties, edges of spoil 

islands, limestone rock revetments, and other hard sub-
strates surrounding mangrove and salt marsh restoration 
projects, especially in the central LWL (Fig. 8.10; Gambo-
rdella et al. 2007, LWLI 2013). 

Salinity in the LWL is generally in the range optimal 
for oysters only during the summer rainy season and is 
greater than 30 during the rest of the year (Parker and 
Geiger 2010). The LWL seldom experiences low-salinity 
events. The LWL and Loxahatchee River have higher sa-
linity than the SLE and IRL, resulting in increased densi-
ties of predators (Arnold et al. 2008, Parker and Geiger 
2013). Survivorship studies of tagged oysters left in cages 
in the LWL and Loxahatchee River showed poor survivor-
ship, particularly in open cages in areas in which the oys-
ters were exposed to predators (Parker and Geiger 2013). 
Dermo has been found to be relatively common in both 
the Loxahatchee River and the LWL, although intensity 
levels are low (below 2 on the scale of 0 to 5 developed by 
Mackin 1962; Arnold et al. 2008).

Threats to oysters in central and southeast 
Florida

•	Altered hydrology: The hydrology of southeast Flor-
ida has been significantly altered by construction of 
drainage canals, both increasing the size of the wa-
tershed and altering the rate of surface water delivery. 
This has resulted in even more freshwater flow during 
the wet season and less during the dry season. While 
dredging and stabilization of inlets have increased the 
amount of salt water entering local estuaries, salinity 
is highly variable as a result of large freshwater pulses. 
Stormwater releases from Lake Okeechobee can reduce 

Figure 8.8. Fringing eastern oyster (Crassostrea virginica) reefs adjacent to red mangrove (Rhizophora mangle) 
shorelines in the Loxahatchee River. Photo credits: Chris Kirby and Richard Radigan.
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salinity below tolerable levels for oysters in the SLE, re-
sulting in periodic die-offs (Arnold et al. 2008, Parker 
et al. 2013, Parker and Radigan 2017). Sedimentation 
and muck accumulation brought by the extensive fresh-
water flow also pose a threat to affected reefs (Bartell 
et al. 2004). Dredging of the ICW and the creation and 
expansion of spoil islands further complicates natural 
water circulation in the basins. 

•	 Isolated populations: The recovery of reefs after fresh-
water-induced mortality depends on the hydrologic 
transport of larval recruits from other reefs. The sur-

•  �vival and resilience of local popula-
tions is of concern due to their isolation 
within rivers along the coast and vul-
nerability to continued urban develop-
ment (Arnold et al. 2008). 

•  �Habitat loss: The coastline of south-
east Florida is heavily developed, and 
much of the natural shoreline has been 
replaced by seawalls and other hard-
ened shorelines. Oyster reefs have di-
rectly faced habitat loss as a result of 
dredging and hardened shorelines, and 
remaining reefs must cope with the in-
direct impacts of a large human pop-
ulation including altered hydrology, 
nutrient loading, and associated phyto-
plankton blooms. 

•  �Sea-level rise: Intertidal exposure of-
fers oysters a temporary refuge from 
predation, pests, and disease (Bahr and 
Lanier 1981). Increased submergence 
times and higher salinity (due to both 
sea-level rise and reduced freshwater 
flow) lead to increased susceptibility 
to marine predators, pests (e.g., the 
boring sponge Cliona celata; Carroll 
et al. 2015), and pathogens (Shumway 
1996). Sea-level rise will result in longer 
submergence times for intertidal habi-
tats, decreasing the intertidal exposure 
time that is often the only respite from 
predation (optimal exposure frequency 
for eastern oysters is around 20–40% 
according to Ridge et al. 2015). This 
will encourage oyster settlement that 
results in vertical accretion on reefs or 
upslope migration onto shorelines with 
appropriate elevation. Natural tidal-
phenomena, combined with sea-level 

rise, also impact oyster reef exposure time. The highest 
spring tides (“king tides”) typically occur during the 
fall in south Florida and cause extended periods of high 
and low water. 

An additional effect of sea-level rise is that increased 
salt water intrusion into an estuary will push the zone 
of optimal salinity further upstream. In estuaries that 
narrow in geographic area upstream, this may decrease 
the size of the area of optimal salinity for oyster growth.

•	Boating impacts: Boating channels and the ICW ex-
tend through the lagoons and rivers of southeast Flor-

Figure 8.9. Mapped oyster extent in the Lake Worth Lagoon. Oyster 
mapping sources: PBC 2008 (made from 2007 aerial photographs) and 
Dial Cordy and Associates Inc. 2011 (from 2011 side-scan sonar).



134	 Radabaugh, Geiger, and Moyer, editors		

ida, and prop wash can erode the margins of oyster 
reefs. Boat wakes in the Mosquito Lagoon ICW have 
eroded salt marshes and oyster reefs to the extent that 
some have been reduced to intertidal sand flats (Grizzle 
et al. 2002, Wall et al. 2005). Campbell (2015) docu-
mented that boaters can lessen their impact on oyster 
reefs if they reduce wake by being on plane or boating 
at a slow speed. 

•	 Invasive species: Invasive estuarine invertebrates along 
the east coast of Florida include the Asian green mussel 
(Perna viridis), charru mussel (Mytella charruana), and 

pink barnacle (Megabalanus coccopoma). The Asian 
green mussel has been found as far south as Cocoa on 
the IRL, and the pink barnacle has been found inter-
mittently along the east coast of Florida (Spinuzzi et al. 
2013). Charru mussels are native to Central and South 
America and were first noticed on the east coast of Flor-
ida in 1986, in Jacksonville (Galimany et al. 2017). These 
nonnative species are invasive, competing with native 
oysters for habitat and food (Gilg et al. 2012, 2014; Yuan 
2016, Galimany et al. 2017). Population-genetic research 
suggests the Asian green mussel and pink barnacle were 
transported in ballast water or on ships’ hulls (Spinuzzi 

Figure 8.10. Detail of oyster reefs within the Lake Worth Lagoon. Image source: PBC 2011.
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et al. 2013, Cohen et al. 2014). The parasitic rhizarian 
Bonamia sp. was first reported in Florida in 2007 (Dun-
gan et al. 2012) and has been documented in the LWL 
and southern IRL (Laramore et al. 2017). During 2016–
2017, it was found in tissue sampled from oysters from 
the north, central, and southern IRL (Laramore 2017). 

Oyster reef mapping and monitoring efforts
The compilation of oyster maps used in figures in 

this report are available for download at http://geodata.
myfwc.com/datasets/oyster-beds-in-florida. 

Comprehensive Everglades Restoration Program 
oyster monitoring

Oysters have been monitored as part of the CERP 
RECOVER program by FWC since 2005. Ongoing sam-
pling efforts occur on oyster reefs in the SLE and Loxa-
hatchee River; oyster populations were also previously 
monitored in the Mosquito Lagoon, Sebastian River, 
LWL, Biscayne Bay, and Tampa Bay (Arnold et al. 2008). 
Monitoring includes measuring oyster density and size 
distribution twice a year and monthly assessment of re-
productive development, larval recruitment, dermo prev-
alence and intensity, growth, and survivorship. Methods 
for and results of these monitoring efforts can be found in 
a variety of reports (Arnold et al. 2008, Parker et al. 2013, 
Parker 2015, Parker and Radigan 2017).

U.S. Army Corps of Engineers benthic habitat 
mapping

Dial Cordy and Associates Inc. was contracted by 
the U.S. Army Corps of Engineers to map substrate in 
the Caloosahatchee River Estuary, SLE, Loxahatchee Es-
tuary, and LWL (Dial Cordy and Associates Inc. 2011). 
Side-scan sonar was used to map areas from the 2.7-m (9-
ft) bathymetric contour to shore (~1 m depth). Resulting 
maps of bottom type (seagrass, oyster bed, shell, muck, 
etc.) were created through the interpretation of high-reso-
lution aerial photography as well as side-scan sonar. Sub-
strates were verified with ground truthing, and the density 
of live oysters was also quantified on mapped oyster reefs. 

FWC baseline mapping and monitoring
In the winter of 2005–2006, FWC and Golder Asso-

ciates mapped oyster reefs in the Sebastian River, SLE, 
LWL, and Biscayne Bay using a real-time kinematic 
global positioning system (RTK GPS) (Gambordella et 

al. 2007). Oyster reefs were identified using oyster maps 
(URS Greiner Woodward Clyde Inc. 1999, Williams 
1999, Bachman et al. 2004), helicopter aerial surveys, 
and sounding lines. Elevation, latitude, and longitude of 
reefs were mapped in 1-m intervals. Oysters were removed 
from 0.25-m2 quadrats placed haphazardly on the reef to 
determine shell height and density of live oysters and of 
boxes (i.e., paired oyster shells, evidence of recent mortal-
ity). The effort mapped 152 reefs covering 12 ha (30.5 ac) 
(Gambordella et al. 2007).

Palm Beach County habitat mapping
In 2007, the Palm Beach County Habitat Mapping 

Project used aerial photography to map oyster reefs, sea-
grass, and coastal wetland habitat in LWL and the ICW; 
1.7 ha (4.2 ac) of oyster reef was mapped (PBC 2008). 
Aerotriangulation, digital orthophotography, field work, 
photointerpretation, and trend analyses were used to map 
these coastal resources. A classification guide for identi-
fying habitat from aerial photography was created and 
published in the final report (PBC 2008). 

St. Lucie River oyster mapping
GIS data layers of oyster extent in the SLE have been 

assembled for 1940–1960, 1960–1980, and 1990–1996 
(Fig. 8.6; URS Greiner Woodward Clyde Inc. 1998, FDEP 
2009c). More recent mapping surveys were conducted 
in 1997 (URS Greiner Woodward Clyde Inc. 1999), 2003 
(Ibis Environmental Inc. 2004), and 2006 (Gambordella 
et al. 2007). These surveys are compared and their ver-
tical mapping techniques assessed by Gambordella et al. 
(2007). Although the 2006 survey did not map all reefs in 
the river, the reefs that were mapped were much small-
er in area and had migrated toward shore than those in 
1997 and 2003. In 2018, SFWMD mapped the SLE reefs to 
support CERP RECOVER monitoring efforts and forth-
coming updates to RECOVER interim goals and targets. 
Following Hurricane Irma in September 2017, persistent 
freshwater releases from Lake Okeechobee and the SLE 
watershed resulted in an oyster die-off. An active rainy 
season in early 2018 delayed oyster recovery in the SLE 
until the fall, so work was postponed until 2019 to allow 
the newly settled oysters to grow prior to mapping.

St. Lucie Estuary water quality monitoring
Flow and salinity data for the SLE and the Caloosa-

hatchee River are monitored by FDEP and graphed as 
seven-day averages at http://publicfiles.dep.state.fl.us/
owp/SalinityReports/SalinityUpdate.html. The website 

http://publicfiles.dep.state.fl.us/owp/SalinityReports/SalinityUpdate.html
http://publicfiles.dep.state.fl.us/owp/SalinityReports/SalinityUpdate.html
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also includes water height data for Lake Okeechobee. Re-
al-time water quality monitoring stations have been estab-
lished by the U.S. Geological Survey, in cooperation with 
the SFWMD, at several locations along the SLE (https://
nwis.waterdata.usgs.gov). The SFWMD takes month-
ly grab samples at several stations throughout the main 
estuary and the north and south forks. Additional con-
tinuous-water-quality sondes have been or are deployed 
at several locations (Willoughby Creek, midestuary, Palm 
City Bridge, and Boy Scout Island in the south IRL) to 
supplement analyses conducted in-house by SFWMD 
scientists. Florida Atlantic University’s Harbor Branch 
Oceanographic Institute operates five land/ocean biogeo-
chemical observatory stations in the SLE that transmit 
data to its website (http://fau.loboviz.com/). The Ocean 
Research and Conservation Association also has five re-
al-time water-quality observatories in the SLE (http://api.
kilroydata.org/public/). Volunteers also take weekly water 
quality measurements in the Florida Oceanographic Soci-
ety’s citizen science program (www.floridaocean.org). 

Lake Worth Lagoon monitoring
From 2008 to 2010, Palm Beach County Environmen-

tal Resources Management partnered with John Scarpa 
and Susan Laramore from the Harbor Branch Oceano-
graphic Institute to monitor the health and productivity 
of reefs in LWL (Scarpa and Laramore 2010, LWLI 2013). 
This study was designed to build upon FWC’s oyster mon-
itoring in LWL. Monitoring parameters included size, 
physiological condition, reproductive potential, and den-
sity of adult oysters; presence and intensity of dermo and 
MSX (Haplosporidium nelsoni); larval recruitment and 
growth; and water quality. In 2015, FWC partnered with 
Palm Beach County to continue their monitoring efforts 
at the reef locations previously monitored as part of the 
CERP RECOVER program; three recently restored oyster 
reefs were also added to the established sampling regime.

Loxahatchee River mapping and monitoring
In 2003, the Loxahatchee River District’s WildPine 

Ecological Laboratory and SFWMD examined the health 
and extent of oysters in the Loxahatchee River (Bachman 
et al. 2004). The perimeter of live oyster beds in the north-
west and southwest forks of the Loxahatchee River were 
mapped using a hand-held GPS unit and the resulting out-
lines overlaid on color aerial photographs. A 1-m2 quadrat 
was placed in 14 locations on the mapped reefs; the shell 
height of live and dead oysters within the quadrat were 
measured (Bachman et al. 2004). A follow-up mapping 

effort in 2008 was conducted by the WildPine Ecological 
Laboratory (Howard and Arrington 2008). The perime-
ters of live oyster reefs were mapped using a differential 
GPS, and oysters were removed from 0.25-m2 quadrats to 
determine density and shell height. Spat recruitment was 
also monitored. A total of 91 reefs were mapped total-
ing 6.1 ha (15 ac). Mapping and monitoring reports for 
the Loxahatchee River as well as shapefiles of the 2008 
mapping data are available at https://loxahatcheeriver.
org/river/oyster/.

Central IRL mapping
During winter and spring of 2018, FWC, FDEP IRL 

aquatic preserves, and the Smithsonian Marine Station 
mapped previously unmapped reefs in the central IRL 
(e.g., Vero Beach, Fort Pierce) on foot using a handheld 
Trimble RTK GPS unit and aerial photography captured 
by drones (FWC et al. 2018). The map data and drone im-
agery will be processed in GIS by the FWC Spatial Anal-
ysis Program. 

Oyster reef restoration projects 
In 2009, NOAA awarded $4 million to Martin Coun-

ty to fund the Oyster Reef Restoration Project in the St. 
Lucie (8.4 ha/20.7 ac of reef) and Loxahatchee (1.4 ha/3.4 
ac of reef) estuaries (LRD and FIU 2009, Parker and Gei-
ger 2012). Construction of reefs was finished in 2010 and 
mapped and monitored in June 2012 (Parker and Geiger 
2012). Managed by CSA International Inc., the effort 
involved the placement of more than 18,000 metric tons 
(40 million pounds) of concrete, limestone, and cultch at 
multiple sites in the two estuaries. A variety of parame-
ters of the oysters and their associated communities was 
monitored by FWC, Florida International University, 
Florida Atlantic University, Florida Oceanographic Soci-
ety (FOS), and Estuarine Coastal and Ocean Science Inc. 
(Jud and Layman 2011, Parker and Geiger 2012). The 
studies found that the substrates were rapidly colonized 
by oysters and that three of the five restored reefs achieved 
densities, reproduction, and mortality levels similar to 
those of natural reefs (Parker and Geiger 2012). The 
abundance and diversity of other reef fauna also reached 
levels approaching those natural reefs, although after 14 
months there were still significant differences in species 
composition between the constructed reefs and natural 
reefs (Jud and Layman 2011). Some sites experienced 
mortality as a result of sedimentation and burial (Parker 
and Geiger 2012). Craig Layman’s lab at Florida Interna-
tional University has been conducting oyster reef studies 

https://nwis.waterdata.usgs.gov/fl/nwis/uv?cb_00010=on&cb_00010=on&cb_00095=on&cb_00095=on&cb_00480=on&cb_00480=on&format=gif_default&period=&begin_date=&end_date=&site_no=02277110
https://nwis.waterdata.usgs.gov/fl/nwis/uv?cb_00010=on&cb_00010=on&cb_00095=on&cb_00095=on&cb_00480=on&cb_00480=on&format=gif_default&period=&begin_date=&end_date=&site_no=02277110
https://nwis.waterdata.usgs.gov/fl/nwis/uv?cb_00010=on&cb_00010=on&cb_00095=on&cb_00095=on&cb_00480=on&cb_00480=on&format=gif_default&period=&begin_date=&end_date=&site_no=02277110
http://fau.loboviz.com/
http://api.kilroydata.org/public/
http://api.kilroydata.org/public/
http://www.floridaocean.org
http://www.floridaocean.org
https://loxahatcheeriver.org/river/oyster/
https://loxahatcheeriver.org/river/oyster/
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in the Loxahatchee River focusing on community ecology 
of natural and restored reefs and their filtration capacity 
(Yeager and Layman 2011, Layman 2012).

Additional restoration efforts in the SLE and IRL 
have been continued by Martin County since the initial 
projects in 2010. Oyster reef and living shorelines were in-
stalled at four sites in the SLE as community-based proj-
ects organized by Martin County and FOS. Two of these 
sites have been monitored for recruitment and oyster den-
sity and growth by FOS. In response to 2016 freshwater 
discharges, oyster survival was monitored at one resto-
ration site in the central IRL. Additional living shoreline 
were established in the IRL at 10 sites by Martin County 
or FOS. Seven sites, established in 2015–2016, are moni-
tored by FOS for recruitment, oyster density and growth. 
Associated species have been monitored at two of these 
sites. The St. Lucie County artificial reef program and its 
partners have used bagged oyster shell to establish reefs in 
Wildcat Cove and along City of Fort Pierce properties and 
some spoil islands in the IRL.

In Brevard County, numerous oyster reefs have been 
established and additional ones are planned, largely as 
part of Brevard’s Save Our Lagoon program (http://www.
brevardfl.gov/SaveOurLagoon/Home). The county has 
partnered with Brevard Zoo, the University of Central 
Florida, and others to create reefs, many of which are 
associated with living-shoreline projects whose design 
incorporates native-plant species. The reefs will be mon-
itored so that their success can be evaluated and adaptive 
management strategies can be developed.

Most of Florida’s east coast contains a comprehensive 
oyster shell recycling program. Numerous entities (most-
ly nongovernmental organizations as well as waste-man-
agement firms and the National Estuary Programs) in the 
IRL region have created a partnership called Shuck and 
Share to facilitate shell recycling from restaurants and 
shucking houses, shell curing, and provision of shell to 
those involved in regional restoration projects.

IRL oyster health snapshot
During 2016–2017, State agencies (FWC, FDEP) part-

nered with the Harbor Branch Oceanographic Institute to 
assess organismal health of oysters on natural and restored 
(or created) reefs throughout the IRL using standard histol-
ogy techniques (Laramore 2017). The study provides base-
line data for ongoing restoration efforts in the IRL. Prelim-
inary findings show largely latitudinal and seasonal trends 
among health indicators, and restored reefs are similar to 
nearby natural reefs ones for most parameters studied. Few 
adults were observed on restored reefs, possibly because 

the reefs were so new. Prevalence and intensity of pests and 
disease were moderate to high across the IRL but varied lat-
itudinally (e.g., dermo prevalence increased with latitude). 

NOAA Mussel Watch 
The NOAA National Status and Trends Program has 

monitored pollutants in bivalves through the Mussel Watch 
program across the coastal United States since 1986. The 
Sebastian River is the only Mussel Watch location in central 
and southeast Florida. Oysters are monitored for concen-
trations of heavy metals and organics. In 2004–2005, con-
centrations of copper, mercury, and lead in Sebastian River 
oysters were reported as medium to high (Kimbrough et 
al. 2008). Copper concentrations are often high in Florida 
oysters because copper is used in fungicides, algicides, and 
antifouling paints (Kimbrough et al. 2008). 

MarineGEO and the Tennenbaum Marine 
Observatories Network 

The Marine Global Earth Observatory (MarineGEO, 
https://marinegeo.si.edu/), directed by the Smithsonian In-
stitution’s Tennenbaum Marine Observatories Network 
(TMON), is a long-term, worldwide research program 
that focuses on understanding coastal marine biodiversi-
ty and its role in maintaining resilient ecosystems around 
the world. Under the program, the IRL Aquatic Preserves 
and the Smithsonian Marine Station, both in Fort Pierce, 
have teamed up to monitor and map six oyster reefs in the 
region (two in Indian River County and four in St. Lucie 
County). Monitored reefs include spoil island fringe reefs, 
small patch reefs and fringing reefs. Summer monitoring 
activities include recording oyster percent cover, density, 
and size-frequency distributions. A series of bio-boxes  
(50 × 50 × 10 cm) were also deployed for several months 
and retrieved to quantify abundance and diversity of spe-
cies that inhabited the boxes. At three of the six sites, 
additional studies were conducted to examine predation, 
recruitment, and community development. 

MarineGEO and the University of Florida formed the 
Florida Census of Marine Life, a working group focused 
on collecting and identifying marine species around Flori-
da with a strong focus on marine invertebrates within the 
IRL. The goal of the working group is to create a baseline 
of biodiversity and a species inventory for future research 
and to facilitate monitoring of nonnative species. Ma-
rine invertebrates are collected, identified, photographed, 
DNA barcoded, and physical specimens are catalogued in 
the university’s Florida Natural History Museum. 

http://www.brevardfl.gov/SaveOurLagoon/Home
http://www.brevardfl.gov/SaveOurLagoon/Home
https://marinegeo.si.edu/
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Recommendations for management, 
mapping, and monitoring

•	Develop habitat-suitability guidelines for creating new 
oyster restoration projects to ensure proper site selec-
tion and increase rates of oyster settlement. The SFW-
MD is currently developing a habitat suitability model 
for the SLE based on temperature, salinity, and pre-
ferred substrates.

•	Develop consistent restoration monitoring protocols and 
success criteria for evaluating restoration efforts in this 
region. Monitor indicators of oyster reef health (e.g., 
reef area, reef height, oyster density, and oyster size-fre-
quency distribution) as well as environmental variables 
(water temperature, salinity, and dissolved oxygen) that 
will allow comparison of abiotic parameters to oyster 
reef metrics (Baggett et al. 2014, 2015). Duration of in-
tertidal exposure should also be included among those 
environmental indicators (Walles et al. 2016), particu-
larly in the context of sea-level rise. Oyster health and 
histology assessment should be included in routine mon-
itoring (e.g., diseases, sex ratios, physiological status). 

•	While oysters have been mapped within the major trib-
utaries of the IRL, oyster reef mapping data are lacking 
in the main portion of the lagoon and its minor trib-
utaries. In central and southeast Florida, much oyster 
growth occurs on mangrove roots or along seawalls. 
Oysters at the periphery are seldom mapped by tradi-
tional efforts, which rely on aerial photography; on-site 
mapping should be completed to identify oysters on 
seawalls and mangrove roots. 

•	Oyster extent in southeast Florida fluctuates as a result 
of urban development, variable freshwater flow, and 
changing freshwater management. Maps of oyster ex-
tent in these estuaries should be updated every several 
years.

•	 Install living shorelines, replacing bulkheads and other 
artificial shorelines with oyster reefs, mangroves, and 
other native vegetation (FDEP 2014). Living shorelines 
mimic natural shorelines, which filter surface water 
runoff, provide habitat for other animals, and better 
allow for upslope migration of coastal habitats in the 
face of sea-level rise.
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