Chapter 8
Central Eastern Florida

Contributors:
Melanie Parker, South Florida Water Management District
Casey A. Craig, Kara R. Radabaugh and Olivia Escandell, Florida Fish and Wildlife Conservation Commission
Vincent Encomio, University of Florida/Institute of Food and Agricultural Sciences Florida Sea Grant
Jennifer Hansen, Brevard Zoo

Matthew R. Anderson and Emily Surmont, Indian River Lagoon Aquatic Preserves
In

Oyster Integrated Mapping and Monitoring Program Report for the
State of Florida No. 2

Edited by Kara R. Radabaugh, Casey A. Craig, Mathias T. Cramer, and
Stephen P. Geiger

N

3SNOD * FLog,

eb

Florida Fish and Wildlife Conservation Commission
Fish and Wildlife Research Institute
100 Eighth Avenue Southeast
St. Petersburg, Florida 33701
MyFWC.com

Technical Report No. 22, Version 2 « 2025



Radabaugh, Craig, Cramer, and Geiger, editors

Chapter 8
Central Eastern Florida

Melanie Parker, South Florida Water Management District

Casey A. Craig, Kara R. Radabaugh, and Olivia Escandell, Florida Fish and Wildlife Conservation Commission

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

Jennifer Hansen, Brevard Zoo

Matthew R. Anderson and Emily Surmont, Indian River Lagoon Aquatic Preserves

Description of the region

The Central Eastern region of Florida includes the In-
dian River Lagoon (IRL) system, St. Sebastian River, St.
Lucie Estuary, the Loxahatchee River, and Lake Worth
Lagoon (Fig. 8.1). This region spans Brevard, Indian Riv-
er, St. Lucie, Martin, and Palm Beach counties and water
management is divided between the jurisdictions of the
St. Johns River Water Management District (SJRWMD)
and the South Florida Water Management District (SFW-
MD). The coast includes sandy beaches on the Atlantic
side of the barrier islands and a mosaic of mangroves,
salt marshes, oyster reefs, seagrasses, and tidal flats in
the protected, inshore lagoons. Historically, these barrier
islands were in a state of natural flux and the inlets pe-
riodically opened or closed, which altered the salinity in
the enclosed bays and lagoons. Human development has
restricted these natural processes, 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). The re-
gional watersheds have become considerably larger due
to the construction of canals to drain inland wetlands for
agriculture and development. Existing watershed-to-ba-
sin ratios for this region are 98:1 for the St. Lucie Estuary
(the estuary also receives freshwater releases from Lake
Okeechobee; SFEWMD et al. 2009); 175:1 for the Loxa-
hatchee River and Estuary (Howard et al. 2011); and
7:1 for the Lake Worth Lagoon (Taylor Engineering Inc.
2009). Freshwater delivery to estuaries begins with local

basin surface runoff but also varies through extensive ca-
nal systems. Storms and droughts can affect both the lo-
cal basins as well as their upstream managed watersheds.
In turn, salinity can vary widely, resulting in challenging
conditions for oyster growth and survival.

The eastern oyster (Crassostrea virginica) has the
highest rates of survival and reproduction at salinities
between 14 and 28 on the practical salinity scale, where
physiological optima, predation, and disease are bal-
anced (Shumway 1996). In central and southeast Florida,
oyster reefs are largely confined to bays, lagoons, and riv-
ers with predominantly brackish salinity regimes (Arnold
et al. 2008, Parker and Geiger 2010). The flat oyster (Isog-
nomon 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 (Os-
trea 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, although growth, con-
dition index, and reproductive activity 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
Florida Department of Environmental Protection (FDEP)
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dry season. Other hydrologic
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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 mos-
quito breeding. Many of these islands have since been col-

site-specific purpose. FWC does not assume any legal liability or
responsibility arising from the use of this product in a manner not
intended by the author.

Figure 8.1. Oyster extent within the central eastern Florida region.

onized by non-native upland vegetation which has created
enclosed basins of poor water quality. However, in some
cases, spoil islands may create beneficial intertidal habitat
including nesting areas for birds. Some of the ring-shaped
levees have been opened to improve water quality within
the impoundments, creating small areas of suitable habi-
tat for oysters and seagrasses.

The barrier islands that border the east side of the
IRL system restrict tidal exchange and currents, result-
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Figure 8.2. Mapped oyster extent in the northern (left) and central (right) Indian River Lagoon system. Oyster
mapping sources: Gambordella et al. (2007), from 2005-2006 field surveys; FWC et al. (2018), from 2018 field
surveys and aerial photography; Brevard Zoo (2024), from GPS coordinates of restoration sites; and FWC (2025a),

from field surveys and in-person photographs.

ing in a long water residence time and making the region
susceptible to impaired water quality (FDEP 2009a, 2009b,
2014). Along the 250-km (156-mile) extent of the IRL sys-
tem, five permanent inlets connect with the Atlantic Ocean
(Ponce, Sebastian, Fort Pierce, St. Lucie, and Jupiter inlets).
In extreme summer droughts, a combination of evapora-
tion, low freshwater input, and limited flushing has caused
salinity to reach 45 in the Banana River (FDEP 2014). Turn-
over is 10-15 times faster in the southern IRL than in the
northern lagoons (FDEP 2009b, FDEP 2014). The average
renewal time for Mosquito Lagoon is 98 days, whereas the
Banana River requires two years for complete turnover
(FDEP 2013, Rosario-Llantin and Zarillo 2021). The av-
erage depth of the IRL is 1.2 m (4 ft). The shallow water
warms quickly during summer, which decreases the solu-
bility of oxygen and facilitates the development of hypox-
ia or anoxia (FDEP 2014). The region is also susceptible
to cyanobacterial blooms, harmful algal blooms, and the
associated mortality events involving seagrasses, marine

mammals, fishes, and birds (FDEP 2014). Harmful algal
species include those that cause brown tide (Aureoumbra
lagunensis), red tide (Karenia brevis), and paralytic shell-
fish 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 (SJRWMD et al. 2012, IRL-
NEP 2019).

Extensive oyster reefs are generally not found within
the main portion of the IRL today, 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. This decline
in oyster populations is likely a result of habitat degrada-
tion, altered salinity regimes, and decreased water quali-
ty (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
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substrate and the extent of salt marsh, minimal tidal flush-
ing, dynamic freshwater discharges, seasonally variable
water levels, boating activity, harmful algal blooms, and
sedimentation. Seasonal precipitation patterns and winds
can also result in changes in water levels that exceed the
tidal range and lead to seasonally variable water depths
(FDEP 20092, Smith 1993). In large portions of the lagoon,
water circulation is primarily driven by wind (IRLNEP
2019). Patches of oysters are occasionally present around
spoil islands, and oysters can be found at the periphery of
the IRL, often growing on seawalls and riprap shorelines,
under bridges, or beneath or on the prop roots of red man-
grove (Rhizophora mangle) trees (Aquino-Thomas and
Proffitt 2014, Donnelly et al. 2018, FWC 2025a). The red
mangroves facilitate establishment of oysters by providing
a substrate for growth and protection from erosion and
sedimentation (Aquino-Thomas and Proffitt 2014). Oys-
ters on mangrove roots and under bridges and docks (Fig.
8.3) are difficult to map using aerial imagery and frequent-
ly do not appear on maps of oyster reefs; therefore, IRL
oyster maps likely underrepresent their true extent.

The most significant oyster populations along the IRL
are found within its tributaries, including the Sebastian
River (Fig. 8.2). Oyster populations in the Sebastian River
fluctuated after construction of the Sebastian Inlet, which
increased salinity, and completion of the C-54 flood-con-
trol canal, which decreased salinity (Gambordella et al.
2007). Studies conducted by the Florida Fish and Wild-
life Conservation Commission (FWC) from 2005-2007
showed that salinity in the Sebastian River was generally

below 20 and that values below 5 were not uncommon (At-
nold et al. 2008). These FWC monitoring efforts followed
an extremely active 2004 storm season. 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 2003, 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 re-
sult, the 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 and flourished after the construc-
tion of the railroad, becoming well known by the 1900s
(Gambordella et al. 2007). Periodic opening and closing of
inlets to the IRL resulted in variable salinity and contribut-
ed to declines in the extent of oysters and commercial har-
vest by the 1960s (Gambordella et al. 2007). In 1975, 1,854
metric tons (4,087,686 lbs) of shellfish (primarily oysters,
with some other species) were harvested from 82 oyster
leases in Brevard County (Down 1978). Today, the IRL con-
tains nine shellfish harvesting areas with varying degrees of
allowable harvest (Fig. 8.4, FDACS 2025). Oyster harvests
for the region remain relatively low, particularly since the
1980s (Fig. 8.5, FWC 2025b).

effort. Photo credit: Olivia Schlei.
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Figure 8.4. Shellfish harvesting areas in the central eastern Florida region. Data source: FDACS 2025.
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Figure 8.5. 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 (2025b). Oyster landings data
before 1986 were collected under a voluntary reporting system.

St. Lucie Estuary

The St. Lucie Estuary (SLE; Fig. 8.6) was a freshwater
river until the St. Lucie Inlet was created in 1892, which re-
sulted 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, which further increased freshwater diversions to
the SLE. Water releases from Lake Okeechobee increase

freshwater inflow as well as the sediment and nutrient
loads in the SLE and southern IRL which have decreased
water clarity and resulted in the loss of seagrass and oys-
ter habitats (Bartell et al. 2004, FDEP 2014). One of the
key aims of the Comprehensive Everglades Restoration
Plan (CERP) is to improve the quality, quantity, timing,
and distribution of fresh water delivered to the SLE. The
eastern oyster was chosen as an indicator species for the
CERP REstoration, COordination, and VERification (RE-
COVER) Monitoring and Assessment Program due to its
wide distribution and importance to estuarine ecosystems
(CERP 2004, Parker et al. 2013). The density, population
structure, reproductive activity, and disease status of oys-
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ance limit of the species. Water temperatures in summer
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jected to environmental conditions that meet or exceed
their tolerance limits, their energetic capacity to deal with
additional stresses, such as salinity extremes, are dimin-
ished or lost (Parker 2015). Winter is an essential time that
allows oysters in southeast Florida to allocate energetic
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Figure 8.6. Oyster extent within the St. Lucie Estuary. Oyster mapping source:
Johnson Engineering Inc and FOS (2020), from 2019 side-scan sonar.

reserves for growth and reproduction. Conditions are less
stressful when temperatures are lower, salinity is moderate,
dissolved oxygen concentrations are greater, and predation
and disease are less prevalent (Thompson et al. 1996, Ar-
nold et al. 2008). Stressful winter season events may require
oysters to allocate energy toward survival and reduce their
energy input toward gametogenesis (Kraeuter et al. 1982,
Thompson et al. 1996); however, the effects are less adverse
during the winter than during the warm summer months.
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Figure 8.7. Historical extent of oyster reefs in the St. Lucie Estuary. Figure credit: FDEP (2009c).

The population and health of oysters in the SLE fluctu-
ate dramatically due to variable freshwater inflows related
to storm events and managed freshwater releases associ-
ated with Lake Okeechobee and the surrounding canals.
The timing, magnitude, and duration of a freshwater re-
lease determines 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 hurri-
canes and large freshwater releases from Lake Okeechobee
resulted in low salinity and widespread oyster mortality
within the SLE (Arnold et al. 2008, Parker and Geiger 2013,
Parker et al. 2013). Estuarine salinity remained below the
tolerance levels of oysters through December 2005; thus,
larvae from downstream locations could not settle and re-
populate the SLE reefs and recovery was delayed until late
2006. SLE oyster populations were damaged again when
Tropical Storm Fay hit in August 2008. Though this event
was relatively short in duration, the associated rainfall and
freshwater inflows caused another oyster die-off. Salinity
rapidly increased to tolerable levels immediately following

the storm, allowing for settlement of larval recruits in late
fall before the end of the 2008 spawning season. Those re-
cruits successfully overwintered, allowing for a more rapid
recovery in 2009 (Parker 2015).

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

Near-drought conditions in early 2012 kept salinity lev-
els in the SLE relatively high, reaching near-optimal levels
for oysters (Parker and Geiger 2013). Later in 2012, rainfall
from Hurricane Isaac caused less damage to the SLE oyster
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reefs than the storm-associated
rains in 2005 or 2008, possibly
due to management decisions
to delay freshwater releases
from Lake Okeechobee for
a few weeks after the storm
(Parker and Geiger 2013). Sa-
linity in the SLE recovered
quickly in late 2012. For the
first several months of 2013,
drought conditions kept sa-
linity at high levels that often
exceeded the oyster tolerance
range. High rainfall in the
early wet season of 2013 led
to high water levels in Lake
Okeechobee, and subsequent
freshwater discharges caused
salinity to decrease rapidly to
suboptimal levels. This event
caused another widespread
oyster die-off in the SLE and
led to high levels of fecal coli-
form bacteria and a cyanobac-
terial bloom, both of which
prompted the Martin County
Department of Health to issue
a health advisory regarding
poor water quality Density
surveys conducted in Decem-
ber 2013 found only a few live
oysters, all of which were spat
that had settled in the past few
weeks, and no live adults. Ex-
cess freshwater releases from
Lake Okeechobee during the
2015-2016 El Nifio resulted in
low salinity in the SLE from
February through October
2016 which caused a loss of
oysters upstream (Parker and
Radigan 2017, 2020). The re-
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Figure 8.8. Oyster extent in the Loxahatchee River. Oyster mapping sources: Dial

Cordy and Associates Inc. (2011), from 2011 side-scan sonar, and Howard and

Arrington (2008) from 2008 field surveys.

sponse of the oyster population was like the response to
the 2010 event, in that recruitment rates were poor—even
though spawning did occur. Freshwater discharges follow-
ing Hurricane Irma in September 2017 had an even greater
impact on oyster populations in the SLE, as they continued
into late December which hindered the fall spawning and
recruitment season. The period from 2017 to early 2025 has

been relatively benign; while upstream stations have experi-

enced occasional losses, there have not been any widespread
oyster die-offs in the SLE. This may be because recent storms
did not deliver as much excess rainfall to the watershed;
therefore, releases of large volumes of freshwater from Lake
Okeechobee to the SLE were not necessary. Additionally, wa-
ter managers (The United States Army Corps of Engineers
and SFWMD) are more aware of the ecological impacts of

freshwater inflows to the estuary, thus, the timing, volume,
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and duration of the releases have been more proactively man-
aged to minimize negative effects.

Loxahatchee River

The Loxahatchee River crosses through both Martin
and Palm Beach counties, draining a watershed of 700 km?
(270 mi?) before it reaches the Atlantic Ocean at the Jupiter
Inlet (Fig. 8.8; SEWMD 2006, Howard and Arrington 2008).
The tidal floodplains and estuary containing seagrasses,
mangroves, and oyster beds are valuable ecological resourc-
es within the watershed, which also includes extensive urban
development. Historically, the Jupiter Inlet opened or closed
naturally as a result of storm events and river flow. After the
construction of the ICW and the Lake Worth Inlet, the Ju-
piter Inlet frequently 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
Loxahatchee River watershed has been permanently altered
by the stabilization of Jupiter Inlet, which increased the tidal
amplitude and saltwater intrusion. Freshwater flow has also
been altered by the construction and operation of drainage
canal systems.

Opysters were intermittently present along Jupiter Inlet
and Hobe Sound, and their abundance was influenced by
the opening and closing of the inlet (Gambordella et al.
2007). Oyster populations declined by the 1990s; today, a
moderate population is present in the central embayment
and northwest fork of the Loxahatchee River, with a smaller
assemblage in the southwest fork (Fig. 8.8; Gambordella et
al. 2007, Howard and Arrington 2008). While some oysters
have been documented on the north fork of the river (Law
Environmental 1991), this area has not been mapped. In an
average vyear, salinity ranges between 15 and 20 within the

northwestern fork of the Loxahatchee River, which is within
the optimal range for oyster survival. Salinity in the south-
western Loxahatchee River is consistently higher, closer to
30 (Parker and Geiger 2010). The northwestern fork gener-
ally contains more suitable substrate for oysters, resulting
in the highest oyster densities on reefs or associated with
mangroves (Fig. 8.9) between 6.5-11 km (4-7 mi) upstream
(Parker et al. 2013, SFEWMD 2002b). Multiple restoration
projects have been implemented in the northwest fork which
have added to the available substrate (Metz 2021).

The Loxahatchee River has been affected by fluctua-
tions in salinity associated with storms and water manage-
ment practices, but a large-scale oyster die-off has not been
documented (Parker 2015). The densities of live oysters
were lower in 2005 than in subsequent years, which reflects
the impact of the active 2004/2005 storm seasons; however,
the oyster populations rapidly recovered under the higher
salinity in 2006. In 2016, salinity decreased in the Loxa-
hatchee River as a result of increased freshwater flow asso-
ciated with El Nifio precipitation. Oysters upstream in the
northwestern Loxahatchee River experienced a die-off, but
the higher salinity in the rest of the river supported a thriv-
ing population (Parker and Radigan 2017, 2020).

Although the effects of low-salinity events are often
more acute, long-term exposure to high salinity can also be
harmful. Salinity in the Loxahatchee River often exceeds the
optimal range for oysters, and disease and predation rates
increase substantially during such periods. Oysters that are
physiologically acclimated to high salinity may be less able
to cope with additional stresses, such as a rapid decrease
in salinity. In addition, it follows that an oyster adapted to
high salinity that has been weakened by a parasitic infec-
tion (e.g., Dermo) would be less able to withstand extreme
changes and would die more rapidly when salinity decreases

Figure 8.9. 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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abruptly. As a consequence, oyster
densities in the Loxahatchee River
are likely negatively impacted by
high rates of disease and predation.
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Lake Worth Lagoon
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clined 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 2025). Oysters can still be found on mangroves, jet-
ties, the edges of spoil islands, limestone rock revetments,
and other hard substrates surrounding mangrove and salt
marsh restoration projects, especially in the central LWL
(Fig. 8.11; Gambordella et al. 2007, LWLI 2013).

Salinity in the LWL is generally only in the optimal
range for oysters during the summer rainy season and is
greater than 30 during the rest of the year (Parker and Gei-
ger 2010); the LWL seldom experiences low-salinity events.

Figure 8.10. Mapped oyster extent in the Lake Worth Lagoon. Oyster mapping
sources: PBC (2008), from 2007 aerial photographs, and Dial Cordy and
Associates Inc. (2011), from 2011 side-scan sonar.

The LWL and Loxahatchee River have higher salinity than
the SLE and IRL, which results in increased densities of
predators (Arnold et al. 2008, Parker and Geiger 2013).
Studies of tagged oysters left in cages in the LWL and
Loxahatchee River showed poor survivorship, particularly
in open cages in areas in which the oysters 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 the intensity levels are low
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Figure 8.11. Oyster reefs in the Lake Worth Lagoon. Figure
credit: LWLI (2021).

(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

o Altered hydrology: The hydrology of southeast Flor-
ida has been significantly altered by the construction
of drainage canals, which have increased the size of the
watershed and altered the rate of surface water deliv-
ery. These changes have resulted in more freshwater flow
during the wet season and less during the dry season.
While dredging and stabilization of inlets have increased
the amount of saltwater entering local estuaries, salinity
is highly variable due to large pulses of freshwater, and

tidal influence may be limited to an area near the inlet.
Stormwater releases from Lake Okeechobee into the
SLE can reduce salinity below tolerable levels for oysters
and result in periodic die-offs (Arnold et al. 2008, Parker
et al. 2013, Parker and Radigan 2017, 2020). Accumu-
lation of sediment and muck brought by the extensive
freshwater flows also pose a threat to affected reefs (Bar-
tell et al. 2004). Dredging of the ICW and the creation
and expansion of spoil islands further complicate nat-
ural water circulation in the basins, along with restric-
tions posed by multiple causeways.

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 populations are of concern
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due to their isolation within rivers and vulnerability to
continued urban development (Arnold et al. 2008). Re-
covery of an individual reef will be more rapid if there
are additional reefs within the same estuary than if the
entire estuary must rely on exogenous larval supply
from a neighboring estuary. Increased isolation due to
loss of reefs and/or occupied habitat will increase the
recovery time after population declines. In addition,
as the interval between decline and recovery increases,
there is an increased risk that available substrate may be
degraded or buried.

Habitat loss: The coastline of southeast Florida is heav-
ily developed, and much of the natural shoreline has
been replaced by seawalls and other hardened shore-
lines. Oysters have directly faced habitat loss as a result
of dredging and hardened shorelines, and remaining
oysters must cope with the indirect negative impacts
of a large human population including altered hydrol-
ogy, nutrient loading, and associated phytoplankton
blooms. These effects are particularly important due to
the microtidal climate of much of the IRL as the steep,
hardened shorelines reduce the area of the intertidal
zone. Due to the small changes in daily tide and large
seasonal variability in water depth, steep shorelines do
not leave much room within the small elevation range
of sufficient inundation to support oyster growth when
water levels drop in the winter and spring.

Sea-level rise: Though intertidal exposure can cause
desiccation stress and expose oysters to high summer
temperatures, exposure also offers oysters a tempo-
rary refuge from predation, pests, and disease (Bahr
and Lanier 1981). In contrast, increased submergence
times and higher salinity (due to both sea-level rise
and reduced freshwater flow) lead to increased sus-
ceptibility to marine predators, pests (e.g., the boring
sponge Cliona celata; Carroll et al. 2015), and patho-
gens (Shumway 1996). Sea-level rise will result in longer
submergence times for intertidal habitats and decrease
the intertidal exposure time that often provides the only
respite from predation (the optimal exposure frequen-
cy for eastern oysters is around 20-40% according to
Ridge et al. 2015). This scenario will encourage oyster
settlement that results in vertical accretion on reefs or
upslope migration onto shorelines with appropriate el-
evation, which may be limited in space due to the preva-
lence of hardened shorelines. Natural tidal phenomena,
combined with sea-level rise, also impact the duration
of oyster reef exposure. 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 and also compress
the length of the estuary that exhibits estuarine char-
acteristics. In estuaries that narrow in geographic area
upstream, this may decrease the size of the area of op-
timal salinity for oyster growth, especially for subtidal
oysters in Brevard County which rely heavily on low
salinities to provide refuge from predation (Coen and
Luckenbach 2000).

Boating impacts: Boating channels and the ICW extend
through the lagoons and rivers of southeast Florida, and
prop wash can erode the margins of oyster reefs. In the
Mosquito Lagoon ICW, boat wakes 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) documented that
boaters can lessen their impact on oyster reefs if they re-
duce 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 Stuart in the
IRL, and the pink barnacle has been found intermittent-
ly along the east coast of Florida (Spinuzzi et al. 2013).
Charru mussels are native to Central and South Amer-
ica and were first noticed on the east coast of Florida
in 1986, in Jacksonville (Galimany et al. 2017). These
invasive species compete 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 et al. 2013,
Cohen et al. 2014). The parasitic rhizarian Bonamia sp.
was first reported in Florida in 2007 (Dungan et al. 2012)
and has been documented in the LWL and southern IRL
(Laramore et al. 2017). In 2016-2017, Bonamia sp. was
found in tissue sampled from oysters from the north,
central, and southern IRL (Laramore 2017).

Microplastics: Both natural and restored oyster reefs
filter suspended particles from the water, including
microplastics (Waite et al. 2018, Craig 2021, Craig et
al. 2022, Walters et al. 2022, Busch et al. 2023). Waite
et al. (2018) were the first to document human-made
particles in eastern oysters and mud crabs associated
with oyster reefs. Pea crabs (Zaops ostreum), which live
their lives inside live oyster shells, both actively con-
sume and can become passively entangled with plastic
microfibers (Walters et al. 2024). Microplastics, espe-
cially polyethylene terephthalate, have been found in
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the tissues, feces, and pseudofeces of all sizes of oys-
ters throughout the IRL, including those in Mosquito
Lagoon (Craig 2021, Craig et al. 2022, Walters et al.
2022). Busch et al. (2023) found that stormwater out-
falls in Mosquito Lagoon are a source of microplastics,
while neither wind nor rain from hurricanes correlated
with increased densities of microplastics in Mosquito
Lagoon (Walters, unpublished data). Although the im-
pacts of microplastics on eastern oysters are still being
studied, Pacific oysters (Crassostrea gigas) exposed to
microplastics exhibited reduced reproductive capacity
and energy uptake (Sussarellu et al. 2016).

o Pathogens: Sweat et al. (2023) found that the IRL con-
tained numerous potentially pathogenic microbes
(PPM). PPM were surveyed in estuary water, at storm-
water outfalls, and in oyster biodeposits. The biodeposits
contained relatively higher abundances and more diverse
PPM than the water samples. The community compo-
sition of PPM differed between seasons and between
biodeposits and water. The community differences were
driven primarily by Vibrio and Pseudoalteromonas spp.
(Sweat et al. 2023). This investigation provides evidence
that, through biodeposition, oysters in the IRL are a res-
ervoir for PPM; thus, the potential of PMM to pervade
food webs and fisheries should be explored.

Oyster reef mapping and monitoring efforts

The compilation of oyster maps used in the fig-
ures in this report are available for download at http://
geodata.myfwec.com/datasets/oyster-beds-in-flori-
da. This mapping layer is updated as new maps be-
come available. An index of all oyster maps in Florida is
available for viewing at https:/experience.arcgis.com/
experience/4b82£5d17a794543bddf889472a763¢b.

Comprehensive Everglades Restoration Program
oyster monitoring

Opysters have been monitored as part of the CERP-
RECOVER program by the FWC since 2005. Ongoing
sampling efforts occur at multiple locations in the SLE and
Loxahatchee River; oyster populations were also previous-
ly monitored in the Mosquito Lagoon, Sebastian River,
LWL, Biscayne Bay, and Tampa Bay (Arnold et al. 2008).
Monitoring includes measurements of oyster density and
size distribution twice a year and monthly assessments of
reproductive development, larval recruitment, the preva-
lence and intensity of Dermo, and oyster growth and sur-
vivorship. The methods 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, 2020).

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 Ca-
loosahatchee River Estuary, SLE, Loxahatchee Estuary,
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/3.3 ft depth). Maps of
bottom type (seagrass, oyster bed, shell, muck, etc.) were
created through the interpretation of high-resolution aeri-
al photography as well as side-scan sonar. Substrates were
verified via ground truthing, and the density of live oysters

was also quantified on mapped reefs.

FWC baseline mapping and monitoring

In the winter of 2005-2006, the FWC and Golder As-
sociates 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).
Opyster reefs were identified using oyster maps (URS Grein-
er Woodward Clyde Inc. 1999, Williams 1999, Bachman et
al. 2004), helicopter aerial surveys, and sounding lines. The
elevation, latitude, and longitude of the reefs were mapped
at 1-m intervals. Oysters were removed from 0.25-m? quad-
rats placed haphazardly on the reef to determine the shell
heights and density of live oysters and of boxes (i.e., paired
oyster shells, evidence of recent mortality). 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 the LWL and 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 identify-
ing habitat from aerial photography was created and pub-
lished in the final report (PBC 2008).
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St. Lucie River oyster mapping

GIS data layers of oyster extent in the SLE have been
assembled for 1940-1960, 1960-1980, and 1990-19% (Fig,
8.7; URS Greiner Woodward Clyde Inc. 1999, FDEP 2009¢).
More recent mapping surveys were conducted in 1997 (URS
Greiner Woodward Clyde Inc. 1999), 2003 (Ibis Environmen-
tal Inc. 2004), and 2006 (Gambordella et al. 2007). Gambor-
della et al. compared these surveys and assessed the vertical
mapping techniques (2007). Although the 2006 survey did
not map all reefs in the river, the reefs that were mapped
were much smaller in area and had migrated toward shore
compared to the reefs mapped in 1997 and 2003. In 2018,
SFWMD mapped the reefs in the SLE to support the CERP
RECOVER monitoring efforts and provide forthcoming up-
dates to the RECOVER interim goals and targets. Following
Hurricane Irma in September 2017, persistent freshwater re-
leases from Lake Okeechobee and the SLE watershed result-
ed 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, Between May and June of 2019,
Johnson Engineering, Inc. used side-scan sonar to resurvey
oyster habitat and in-situ ground-truthing was performed
by the Florida Oceanographic Society (FOS) to determine
the presence of oysters (Johnson Engineering Inc. and FOS
2020). Two 0.25-m” quadrats were deployed haphazardly
on randomly selected reef locations to determine the reef
height, substrate type, and density of live oysters. A second-
ary accuracy assessment team verified the presence of oys-
ters and substrate classifications. These combined side-scan
sonar and ground-truthing assessments resulted in a map of
the SLE illustrating 127 ha (313 ac) of reef extent.

Lake Worth Lagoon monitoring

From 2008 to 2010, Palm Beach County Environmental
Resources Management partnered with John Scarpa and Su-
san Laramore from the Harbor Branch Oceanographic In-
stitute to monitor the health and productivity of reefs in the
LWL (Scarpa and Laramore 2010, LWLI 2013). This study
was designed to build upon the FWC’s oyster monitoring ef-
forts in the LWL. The parameters monitored included the
size, reproductive development, and density of adult oysters;
presence and intensity of Dermo and MSX (Haplosporidi-
um nelsoni); larval recruitment and growth; and water qual-
ity. In 2015, the FWC partnered with Palm Beach County to
continue monitoring efforts at the previously monitored reef
locations as part of the CERP RECOVER program; three
recently restored oyster reefs were also added to the estab-
lished sampling regime. In 2024, the FWC initiated a pilot
program to monitor sedimentation.

Loxahatchee River mapping and monitoring

In 2003, the Loxahatchee River District’s WildPine Eco-
logical Laboratory and the SFEWMD examined the health
and extent of oysters in the Loxahatchee River (Bachman et
al. 2004). The perimeter of live oyster beds in the northwest
and southwest forks of the Loxahatchee River were mapped
using a hand-held GPS unit and the resulting outlines were
overlaid on color aerial photographs. A 1-m* quadrat was
placed in 14 locations on the mapped reefs and the shell
height of live and dead oysters within the quadrats were mea-
sured (Bachman et al. 2004). A follow-up mapping effort in
2008 was conducted by the WildPine Ecological Laboratory
(Howard and Arrington 2008). The perimeters of live oyster
reefs were mapped using differential GPS and oysters were
removed from 0.25-m? quadrats to determine oyster density
and shell height. Spat recruitment was also monitored. A to-
tal of 91 reefs were mapped, totaling 6.1 ha (15 ac). Mapping
and monitoring reports for the Loxahatchee River, as well
as the shapefiles of the 2008 mapping data, are available at
https://loxahatcheeriver.org/river/oyster/.

North IRL oyster mapping and monitoring

The University of Central Florida has conducted annu-
al monitoring of restored and natural oyster reefs in Mos-
quito Lagoon waters since 2008. Data collected includes
density (on natural and restored reefs), shell heights, can-
opy heights, presence of invasive species, seagrass recruit-
ment adjacent to reefs, and boat-strike frequency. Since
2014, monthly recruitment data have been collected on
10 reefs. This ongoing monitoring effort overlapped with
two brown tide events (Walters et al. 2021). Additional
data were collected to assess the impact of restoration on
ecohydraulics, biogeochemistry, fisheries, invertebrates (in-
cluding infauna), wading birds, nutrient dynamics, and the
perceptions of volunteers involved with the project (Harris
2018, Loch et al. 2021, Locher et al. 2021, Cannon et al.
2022, Copertino et al. 2022).

Aerial photography was used by researchers from the
University of Central Florida to identify oyster reef sig-
natures and map the distribution of intertidal oyster reefs
throughout Mosquito Lagoon and Canaveral National
Seashore (Garvis et al. 2015, Benson et al. 2023). ArcGIS
software was used to delineate the perimeter of each reef,
with the goal of understanding the shifting baselines of
oyster distribution for future management and assessment.
No oyster reefs were found within the boundaries of the
Central Eastern Florida OIMMP region; see Chapter 9 for
a description of the findings in Northeast Florida.

Brevard Zoo’s Restore Our Shores Program has imple-
mented numerous oyster restorations within the IRL and
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Banana River Lagoon (Fig 8.2). Restored reefs have been
monitored since 2014 through a combined effort of Bre-
vard County, Brevard Zoo, and the University of Central
Florida. The monitoring parameters include oyster density,
shell height, reef height, biofouling, and the presence of
associated species. Brevard Zoo and Brevard County have
assessed spat recruitment in the region independent of re-
stored reefs since 2021.

In 20162017, the FWC, along with Florida Atlantic
University’s Harbor Branch Oceanographic Institute and
the Florida Department of Environmental Protection
(FDEP) Aquatic Preserves, sampled restored and natural
reefs throughout the IRL, including six reefs within the
Mosquito Lagoon Aquatic Preserve. The sampled oysters
were evaluated for health indices such as gut condition, go-
nadal development, and the prevalence of disease.

Between January 2016 and June 2018, researchers from
the University of Central Florida characterized the shore-
line of the northern IRL, including Mosquito Lagoon,
the north Indian River, and Banana River (Donnelly et al.
2018). Following protocols established by the SJRWMD,
shoreline surveys were conducted at 30-m intervals in de-
veloped areas and at 100 to 300-m intervals in undeveloped
areas, noting the presence of live and dead oysters. The fi-
nal map identified 2,780 points along the Brevard County
shoreline where live or dead oysters were observed.

Central IRL mapping

During the winter and spring of 2018, the FWC, FDEP
IRL Aquatic Preserves, and the Smithsonian Marine Sta-
tion mapped 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 final map included 42 oyster reefs covering
0.6 ha (1.6 ac). Several of these reef maps were updated in
2022 by FDEP IRL Aquatic Preserves and the Smithsonian
Marine Station.

In response to construction of a passenger railway
bridge across the St. Sebastian River in 2020, FDEP IRL
Aquatic Preserves mapped the extent of oysters under the
bridge post-construction. Based on mapping using a hand-
held Trimble RTK GPS, the impact of construction on reef
extent was determined to be minimal.

In early 2025, the FWC initiated a complementary
effort to map previously unidentified reefs in the central
Indian River, between Melbourne and Ft. Pierce. In-per-
son surveys were used to confirm local reports of oyster
presence and to classify high- and low-density reefs (FWC
2025a). A total of 18 reefs covering 0.8 ha (2.1 ac) were
newly identified. These reefs were generally located under

tree canopies or docks (e.g., Fig. 8.3), which made them
difficult to discover using traditional mapping techniques
based on aerial imagery.

Oyster reef restoration projects

In 2009, the National Oceanic and Atmospheric Ad-
ministration (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 Geiger
2012). Construction of reefs was completed in 2010 and
were mapped and monitored in June 2012 (Parker and Gei-
ger 2012). This effort was managed by CSA International
Inc. and involved the placement of more than 18,000 met-
ric tons (40 million pounds) of concrete, limestone, and
cultch at multiple sites in the two estuaries. A variety of
parameters related to oysters and their associated commu-
nities were monitored by the FWC, Florida International
University, Florida Atlantic University, Florida Oceano-
graphic Society (FOS), and Estuarine Coastal and Ocean
Science Inc. (Jud and Layman 2011, Parker and Geiger
2012). These studies revealed that the substrates were rap-
idly 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 of natural reefs, although
there were still significant differences in species composi-
tion between the constructed reefs and natural reefs after
14 months (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 conducted oyster reef studies in the Loxa-
hatchee River focusing on the community ecology of nat-
ural and restored reefs and their filtration capacity (Yeager
and Layman 2011, Layman 2012).

Since the initial projects in 2010, additional restoration
efforts in the SLE and IRL have been continued by Martin
County. Oyster reef and living shorelines were installed at
four sites in the SLE as community-based projects orga-
nized by Martin County and the FOS. Two of these sites
have been monitored by the FOS to determine recruitment
and oyster density and growth. In response to 2016 fresh-
water discharges, oyster survival was monitored at one res-
toration site in the central IRL. Additional living shorelines
were established at ten sites in the IRL by Martin Coun-
ty or the FOS. Seven sites established in 2015-2016 are
monitored by the FOS for oyster recruitment, density, and
growth. Associated species have been monitored at two of
these sites.
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In 2025, the IRL National Estuary Program (IRLNEP)
funded a collaborative research project between the Uni-
versity of Florida, FDEP IRL Aquatic Preserves, and the
FOS to investigate the ecological function of aging (6 to
14-year-old) artificial intertidal oyster reefs in the SLE and
southern IRL compared to existing natural reefs. This re-
search project will quantify oyster reef development and
persistence, shoreline protection, and faunal utilization at
artificial intertidal oyster reef sites originally deployed by
the FOS in the SLE and southern IRL from 2011 to 2018.
During this period, the St. Lucie County artificial reef pro-
gram and its partners used bagged oyster shell to establish
reefs in Wildcat Cove and along City of Fort Pierce proper-
ties and some spoil islands in the IRL.

In Brevard County, numerous oyster reefs have been
created and additional reefs are planned, largely as part of
Brevard’s Save Our Indian River Lagoon program (http://
www.brevardfl.gov/SaveOurLagoon/Home), which aims
to rehabilitate 14.5 acres of reef in the Brevard County por-
tion of the IRL. The county has partnered with Brevard
Zoo (Fig. 8.2; Brevard Zoo 2024), the University of Central
Florida, and other organizations to create reefs. The reefs
are monitored to evaluate their success and enable adap-
tive management strategies according to a suitability and
success plan adopted in October 2021 (Hansen 2021). This
adaptive management plan considers site selection criteria
such as water quality (salinity, water temperature, and dis-
solved oxygen concentration), water depth, substrate type,
hydrodynamics, and natural recruitment based on pub-
lished thresholds and local conditions. Additionally, the
plan outlines success targets for density, recruitment, and
seeding over a five-year timeline based on published litera-
ture and habitat suitability indices from other southeastern
regions. As of 2024, 93 oyster restoration sites have been
implemented through the program to aid in the removal of
nitrogen and improve water quality in the IRL.

In Indian River County, restoration of oyster habitat
is integrated within the Ocean Research and Conservation
Association’s (ORCA) living shoreline restoration work.
So far, these efforts have resulted in construction of 11 liv-
ing shoreline projects within Indian River County (www.
teamorca.org).

Most of Florida’s east coast participates in a com-
prehensive oyster shell recycling program. Numerous en-
tities (mostly nongovernmental organizations, as well as
waste-management firms and the National Estuary Pro-
grams) in the IRL region have created a partnership, which
was initiated by the Marine Discovery Center in 2014,
called Shuck and Share to facilitate recycling of oyster
shell from restaurants and shucking houses, shell curing,
and provision of shell to organizations involved in region-

al restoration projects (https:/marinediscoverycenter.org/
conservation/oyster-recycling/).

IRL oyster health snapshot

During 2016-2017, the FWC and the IRL Aquatic Pre-
serves partnered with the Harbor Branch Oceanograph-
ic Institute to assess the organismal health of oysters on
natural and restored (or created) reefs throughout the IRL
using standard histology techniques (Laramore 2017). This
study provides baseline data for ongoing restoration efforts
in the IRL. The preliminary findings show largely latitudi-
nal and seasonal trends among health indicators. Restored
reefs were found to be similar to nearby natural reefs rela-
tive to most parameters studied. Few adult oysters were ob-
served on created reefs, possibly because the reefs were so
new. The prevalence and intensity of pests and disease were
moderate to high across the IRL but varied latitudinally
(e.g., the prevalence of Dermo 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 to
determine their concentration of heavy metals and organic
compounds. In 2004-2005, medium to high concentrations
of copper, mercury, and lead were reported in Sebastian
River oysters (Kimbrough et al. 2008). Copper concen-
trations are often high in Florida oysters because copper
is used in fungicides, algicides, and antifouling paints
(Kimbrough et al. 2008). Data from Mussel Watch are
available at https://coastalscience.noaa.gov/science-areas/

pollution/mussel-watch/.

Water quality monitoring

Flow and salinity data for the SLE and the Caloosa-
hatchee River are monitored by the FDEP and graphed as
seven-day averages at http://publicfiles.dep.state.fl.us/owp/
SalinityReports/SalinityUpdate.html. The website also in-
cludes water height data for Lake Okeechobee. Real-time
water quality monitoring stations have been established by
the US. Geological Survey, in cooperation with the SFW-
MD, at several locations along the SLE (https:/nwis.wa-

terdata.usgs.gov). The SFWMD takes monthly grab sam-
ples at several stations throughout the main estuary and
the north and south forks. Additional water-quality sondes
have been or are deployed at several locations (Willough-
by Creek, mid-estuary, Palm City Bridge, and Boy Scout
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Island in the south IRL) for continuous monitoring to sup-
plement the analyses conducted in-house by SFWMD sci-
entists. The SJRWMD also monitors water quality every
month in the IRL and maintains a continuous water qual-
ity network (https://secure.sirwmd.com/agportal). Flor-

ida Atlantic University’s Harbor Branch Oceanographic
Institute operates land/ocean biogeochemical observatory

stations in the IRL (http:/fau.loboviz.com/) and multiple
continuous water quality and weather stations between
Titusville and the SLE (https:/irlon.org/). The Ocean
Research and Conservation Association also maintains a
number of real-time water-quality observatories through-
out the IRL (http://api.kilroydata.org/public/). Volunteers
also take weekly water quality measurements in the FOS

citizen science program (https://www.floridaocean.org/).

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, is
a long-term, worldwide research program that focuses on
understanding coastal marine biodiversity and its role in
maintaining resilient ecosystems around the world. Under
this program, the IRL Aquatic Preserves and the Smith-
sonian Marine Station, both in Fort Pierce, have collab-
orated to monitor and map six oyster reefs in the region
(two in Indian River County and four in St. Lucie Coun-
ty). The 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
x 50 x 10 cm) were also deployed for several months and
retrieved to quantify the abundance and diversity of species
that inhabited the boxes. At three of the six sites, addition-
al studies were conducted to examine predation, recruit-
ment, and community development.

MarineGEO and the University of Florida have es-
tablished the Florida Census of Marine Life, a working
group focused on collecting and identifying marine species
around Florida, with a strong focus on marine inverte-
brates within the IRL. The goal of this working group is
to collect baseline data on biodiversity, establish a species
inventory for future research, and facilitate monitoring of
nonnative species. Marine invertebrates are collected, iden-
tified, photographed, DNA barcoded, and physical spec-
imens are catalogued in the university’s Florida Natural
History Museum.

Recommendations for management,
mapping, and monitoring

o Continue developing habitat-suitability guidelines (e.g.,
Hansen 2021) for the creation of new oyster restoration
projects to ensure proper site selection and increase the
rates of oyster settlement. The SFWMD is currently de-
veloping a habitat suitability model for the SLE based
on temperature, salinity, and preferred substrates. Bre-
vard Zoo has received funds from Restore America’s
Estuaries to conduct oyster settlement monitoring and
histology investigations in the Northern IRL to con-
tribute to the development of site selection criteria for
oyster restoration in Brevard County’s Habitat Suitabil-
ity Index.

¢ Continue developing consistent restoration monitoring
protocols and success criteria for evaluating restoration
efforts in this region (Hansen 2021). Monitor indica-
tors of oyster reef health (e.g., reef area, reef height,
oyster density, and oyster size-frequency distribution)
as well as environmental variables (water temperature,
salinity, and dissolved oxygen) to allow comparison of
abiotic parameters to oyster reef metrics (Baggett et al.
2014, 2015). The duration of intertidal exposure should
also be included among those environmental indica-
tors (Walles et al. 2016), particularly in the context of
sea-level rise. In addition, oyster health and histology
assessments should be a part of routine monitoring
(e.g., diseases, sex ratios, physiological status). Brevard
County’s Shellfish and Living Shoreline Working Group
produced a restoration monitoring guide in 2024. The
University of Florida, FDEP IRL Aquatic Preserves, and
the FOS are currently developing a monitoring guide for
aging oyster reef restoration projects to be published in
the University of Florida Institute of Food and Agricul-
tural Sciences Electronic Data Information Source (UF
IFAS EDIS) database (https:/edis.ifas.ufl.edw/).

e Develop alternative mapping methods that can capture
peripheral oysters and shallow, subtidal oyster reefs.
In central and southeast Florida, much oyster growth
occurs on mangrove roots or along seawalls or riprap
shorelines. Some mapping efforts (such as Donnelly et
al. 2018) have started to map the presence of these pe-
ripheral oysters, but these sites are often not included in
traditional mapping efforts that rely on aerial photog-
raphy or remote sensing. In-situ mapping that identifies
oysters on seawalls and under mangroves is particularly
valuable in areas where extensive oyster reefs are scarce.
The extent of oysters in the shallow subtidal zone can
also be underestimated by side-scan sonar if the water is
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too shallow, and submergence can mask the signature of
shallow, subtidal oysters when using aerial techniques.

o The extent of oysters in southeast Florida fluctuates as
a result of urban development, variable freshwater flow,
and changing freshwater management (IRLNEP 2019,
LWLI 2021). Maps of oyster extent in these estuaries
should be updated every several years.

o Install living shorelines by replacing bulkheads and oth-
er artificial shorelines with oyster reefs, mangroves, and
other native vegetation (FDEP 2014). Living shorelines
mimic natural shorelines, as they 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.

o Conduct research to better understand the stressors and
causes of oyster decline in the IRL and drive restoration
efforts to support habitat conservation and commercial
harvesting (IRLNEP 2019).
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General references and additional regional
information

FDEP daily salinity monitoring for oyster condition in
the St. Lucie Estuary: http://publicfiles.dep.state.fl.us/

owp/SalinityReports/SalinityUpdate.html
FAU Harbor Branch Indian River Lagoon Observatory
water quality data: http://fau.loboviz.com

Florida Oceanographic Society Oyster Restoration:
https://www.floridaocean.org/oysters

Florida Oceanographic Society Water Quality Monitor-
ing: https://www.floridaocean.org/water-quality

Indian River Lagoon technical publications:
https://www.sjirwmd.com/documents/

technical-reports/indian-river/

Indian River Lagoon Marine Resources Council:
https://lovetheirl.org/
Indian River Lagoon Observatory Network of Environ-

mental Sensors: https://irlon.org/

Lake Worth Lagoon Initiative: https://discover.pbcgov.

org/erm/Pages/Lake-Worth-Lagoon-Initiative.aspx

FWC monitoring toxic algae species and shellfish in the
IRL: http:/myfwc.com/research/redtide/monitoring/

current/indian-river

Loxahatchee River oyster restoration and monitoring;
https://loxahatcheeriver.org/river/oyster

Restore Our Shores: Brevard Zoo oyster restoration pro-
gram: https://restoreourshores.org/living-shoreline/

oyster-reefs



mailto:MParker%40sfwmd.gov?subject=
mailto:MParker%40sfwmd.gov?subject=
mailto:MParker%40sfwmd.gov?subject=
http://publicfiles.dep.state.fl.us/owp/SalinityReports/SalinityUpdate.html
http://publicfiles.dep.state.fl.us/owp/SalinityReports/SalinityUpdate.html
http://fau.loboviz.com
mailto:MParker%40sfwmd.gov?subject=
mailto:MParker%40sfwmd.gov?subject=
mailto:MParker%40sfwmd.gov?subject=
mailto:MParker%40sfwmd.gov?subject=
mailto:MParker%40sfwmd.gov?subject=
mailto:MParker%40sfwmd.gov?subject=
mailto:MParker%40sfwmd.gov?subject=
mailto:MParker%40sfwmd.gov?subject=
http://myfwc.com/research/redtide/monitoring/current/indian-river
http://myfwc.com/research/redtide/monitoring/current/indian-river
mailto:MParker%40sfwmd.gov?subject=
mailto:MParker%40sfwmd.gov?subject=
mailto:MParker%40sfwmd.gov?subject=

25 Radabaugh, Craig, Cramer, and Geiger, editors

Ocean Research and Conservation Association (ORCA)
Kilroy water quality data: http:/api.kilroydata.org/
public/

St. Johns River Water Management District Indian River
Lagoon Continuous Monitoring water quality data:
https://secure.sjrwmd.com/agportal

Shuck and Share: https://marinediscoverycenter.org/

C0nservation/ovster-rccvcling

Regional contacts
Vincent Encomio, University of Florida/ Institute of Food and

Agricultural Sciences Florida Sea Grant, vencomio@ufl.edu

Melanie Parker, South Florida Water Management Dis-
trict, MParker@sfwmd.gov

Olivia Escandell, Florida Fish and Wildlife Conservation
Commission, Olivia.Escandell@MyFWC.com
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