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Description of the region

The coast of northeast Florida contains an extensive
network of salt marshes, estuarine lagoons, oyster reefs,
and tidal creeks (Fig. 9.1). The area spans the transition
between subtropical and temperate climates. Mixed man-
grove and salt marsh vegetation in Volusia County, to the
south, gives way to salt marsh dominance in Nassau and
Duval counties, to the north. Estuarine salt marshes and
oyster reefs are protected from ocean energy by barrier
islands and sand ridges. Freshwater input is provided by
several rivers, the largest of which is the St. Johns River,
as well as numerous natural creeks, man-made canals,
and stormwater outfalls. The entire northeast region of
Florida is within the jurisdiction of the St. Johns River
Water Management District (SJRWMD). Oyster reefs in
northeast Florida are generally intertidal, rather than sub-
tidal, and are commonly found as patches independent from
the shoreline or as fringing reefs along the margins of salt
marshes. Most oyster reefs occur at elevations between mean
low water and mean sea level (Ridge et al. 2017). The north-
east coast of Florida experiences a larger tidal range than do
the southeast and Gulf coasts, and the tidal range decreases
from north to south. Regions with greater tidal energy gen-
erally have greater oyster biomass and more reef structure
(Byers et al. 2015), and the northern coastal counties contain
extensive eastern oyster (Crassostrea virginica) reefs in their
back-bay lagoons and tidal tributaries (Table 9.1).

Nassau and Duval counties

The northernmost coastal counties, Nassau and Du-
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Figure 9.1. Extent of oyster reefs in northeast Florida.
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val, have extensive oyster reefs in tidal tributaries and
in the St. Marys, Amelia, Nassau, Fort George, and St.
Johns rivers (Fig. 9.2). These oyster reefs line shallow
mud flats, tidal creeks, and fringe salt marshes domi-
nated by smooth cordgrass (Spartina alterniflora).
Large portions of the sovereign submerged lands
are designated as Outstanding Florida Waters, aquatic
preserves, or are located within the Timucuan Ecologi-
cal and Historic Preserve.

The St. Johns River estuary has experienced an aver-
age increase in salinity from 2008 to 2022, despite a de-
crease in salinity from 2017-2019 due to rain from major
hurricanes Irma (September 2017), Michael (October
2018), and Dorian (September 2019) (Pinto et al. 2023).
The Lower St. Johns River can be divided into three
ecological zones: 1) mesohaline from Mayport to down-
town Jacksonville, where the river is narrow, deep, and
fast flowing (salinity averages 14.5 on the practical sa-
linity scale and has active tidal influence); 2) oligohaline
from downtown Jacksonville to Doctors Lake where the
river becomes wide, shallow, and slow (average salinity
of 2.9 and moderate tidal influence); and 3) freshwater
lacustrine from Doctors Lake to Lake George, which has
an average salinity of 0.5 and weak tidal influence (Pin-
to et al. 2023). Median dissolved oxygen concentrations
in the Lower St. Johns River have fluctuated between 60
and 85% saturation and met the Florida Department
of Environmental Protection (FDEP) acceptable water
quality criteria since 2016 (Pinto et al. 2023). Howev-
er, the minimum dissolved oxygen concentrations have
remained below the criteria since 2005. Nutrient levels

and chlorophyll-a levels remain high, but total nitrogen
levels declined from 1997 to 2022. Dilution of estuarine
waters by low-nutrient ocean water and reduced fresh-
water flow from freshwater withdrawal complicates
the study of long-term trends in nutrients (Pinto et al.
2023). Based on the recreational water quality criterion,
which uses fecal bacteria as indicators of fecal contam-
ination, 56 waterbodies in Duval County did not meet
water quality standards from 2020-2022. Fecal bacteria
remain a significant problem in the Lower St. Johns Riv-
er Basin, with the primary sources being stormwater,
wastewater, and septic tanks (Magley and Joyner 2008,
Pinto et al. 2023, FDEP 2023).

The Nassau River, north of the St Johns River, is an
extensive system of creeks and marshes almost entirely
within conservation land (Fig. 9.2). Salinity in the Nas-
sau River varies widely, from 0.01 to 46, with a medi-
an value of 12.4 (Petrinec and Clark 2019). The Amelia
River runs north to south along the interior of Amelia
Island and connects the Nassau River to the St. Marys
River. The diurnal tidal range in this system is 1.5-2 m
(4.9-6.6 ft), and the Amelia River and estuarine parts of
the Nassau River include dozens of large oyster rakes
along the waterward edge of the marsh. The oyster rakes
consist of dead oyster shells piled above mean high wa-
ter and are a dynamic part of the habitat mosaic in this
region. The rakes serve as resting and nesting areas for
least terns (Sternula antillarum) and other shorebirds,
especially the rakes adjacent to live oyster reefs. How-
ever, the interactions between oyster rakes, nearby live
oyster reefs, and the adjacent smooth cordgrass marshes

Table 9.1. Number and extent of oyster reefs in northeast Florida. Aggregate reef refers to areas of scattered oyster
clusters not dense enough to be considered continuous oyster reef. Data source: Garvis et al. 2020.

Total Total Mean Mean
Number Number .
County number of . coverage aggregate reef area continuous reef
of live reefs of dead reefs

reefs (ha) (m?2) area (m2)
Nassau 6,813 6,561 252 158.1 121 6,440
Duval 3,561 3,323 238 103.7 120 3,203
St. Johns 4,848 4,425 423 331.8 273 4,152
Flagler 1,099 1,076 23 18.1 S 1,071
Volusia 1,632 1,519 113 40.1 6 1,513
Total 17,953 16,904 1,049
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to River continues into the
Guana Tolomato Matanzas
National Estuarine Research
Reserve (GTMNERR) and
Guana River Marsh Aquat-
ic Preserve. The GTMNERR includes approximately
31,060 ha (76,760 ac) of relatively undeveloped coast-
al and estuarine habitat. The reserve is named after the
Guana, Tolomato, and Matanzas rivers, which converge
near the city of St. Augustine (Fig. 9.3). Pellicer Creek
Aquatic Preserve, located in the southern component of
the GTMNERR, is the largest tributary of the Matan-

Figure 9.2. Oyster reef coverage in Nassau and Duval counties. Oyster mapping
source: SJRWMD (2016a), made from 2002-2014 aerial photography. Shellfish
harvesting area 96 mapping source: FDACS (2023).

zas River. The GTM estuary includes vast salt marshes
dominated by smooth cordgrass, black needlerush (Jun-
cus roemerianus), and many high-marsh species. Man-
grove extent has expanded rapidly in the past few decades
throughout the reserve, primarily as a result of the re-
duced frequency of cold events (Cavanaugh et al. 2014,
2019). Salinity varies from near-freshwater conditions in
tributaries to near-oceanic salinity (28-335) at the inlets
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to the Atlantic Ocean (Frazel 2009). Tidal range averages
1.5 m (4.9 ft) in the ICW (GTMNERR data). Intertidal
oyster reefs in the low-energy lagoons and tidal crecks are
extensive and densely populated (Fig. 9.4). Using field sur-
vey data from over 200 reefs, Gray et al. (2022) found the
high oyster abundance and large spatial extent allowed
the oysters to filter ~60% of the GTM estuary’s volume
of water within the estuary’s residence time (12.6 days).
Despite the apparent abundance of oysters in the
GTM estuary, residents, harvesters, and managers have
been concerned about the future of oysters in the region
since 1995, when harvest was restricted due to water qual-
ity concerns and the GTM Shellfish and Water Quality
Task Force was created (SJRWMD 1997, Dietz 2015).
The task force was reinvigorated by the GTMNERR in
2015 with a heightened focus on oysters. The Oyster and
Water Quality Task Force of the Guana, Tolomato, and
Matanzas Rivers met regularly from 2015-2022 to share
emerging issues, prioritize and support research, and dis-
cuss potential management applications related to oyster
sustainability and water quality within the GTM estuary.
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The following outputs were produced through projects
that emerged from those discussions and were supported
by the Oyster and Water Quality Task Force:

e Estimates of oyster growth, mortality, and predation
and establishment of an oyster population model to
investigate spatial variation in reproductive output
and the relative influence of environmental factors
(https://nerrssciencecollaborative.org/project/ White 18;
Storch et al. 2024)

e Estimates of oyster and mussel nitrogen cycling and
filtration rates, drone-based imagery and oyster reef
classifications, and recommendations for water quality
restoration using shellfish (https:/nerrssciencecollabo-
rative.org/project/Smyth20)

Two conditionally approved areas for shellfish har-
vesting (St. Johns North, Area #92, and St. Johns South,
Area #88; Fig. 9.5) and five shellfish leases held in perpe-
tuity are located in the GTM estuary (FDACS 2023). Four
leases are in conditionally approved waters (Matanzas
River) and the other is at the southern end of the Sum-
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Figure 9.3. Oyster reef coverage in St. Johns and Flagler counties. Oyster mapping sources: SJRWMD (2016a),
made from 2002—2014 aerial photography; Fischman et al. (2023), created from drone imagery collected in 2022.
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mer Haven River, which filled with sand after a barrier
island breach in 2008. The Summer Haven River, located
near the Matanzas inlet, was historically home to oyster
reefs and clam beds, many of which were smothered when
the barrier island was breached by Tropical Storm Fay in
2008, filling the river with sand. Additional breaches oc-
curred in 2011 and 2016. The river was dredged in 2017
(Brown et al. 2023), but washovers and breaches contin-
ue with storm activity. The shifting sands of the Summer
Haven River are still too dynamic for the formation of
oyster reefs, even though the river is classified as Class II
(designated for shellfish propagation and harvesting) and
conditionally approved. Oyster harvesting is restricted in
several Class IT water bodies due to concerns about pollu-
tion and public health. After being conditionally restrict-
ed since 1985, a large portion of Guana River was redes-
ignated as conditionally approved in 2019.

Commercial oyster landings in Northeast Florida
largely originate from St. Johns County (Fig. 9.6a). Har-
vest from St. Johns County peaked in 1990, at 87 metric
tons (190,000 1b). Landings declined after 1990, began to
increase by the mid-1990s, then started declining again
after 2011. Overall catch per unit effort (CPUE; kg har-
vested per trip) has declined by almost 0.45 kg (1 pound)/
trip/year since 1986. Landings before 1986 were reported
voluntarily; therefore, CPUE before 1986 is not shown in
Figure 9.6b.

Recreational oyster harvesting continues in the re-
gion but remains unquantified and difficult to estimate.

Oral history transcripts and recordings from interviews
with local harvesters and growers are available through
the GTMNERR to document local ecological knowledge
about change over time.

Several water bodies in the GTM estuary are listed as
impaired due to high bacteria and nutrient concentrations.
The only TMDL established for the GTM estuary is for
fecal coliform bacteria in Pellicer Creek (Bridger 2012).
South of Pellicer Creek, the ICW borders the Palm Coast
and becomes the Halifax River in Flagler County (Figs.
9.3 and 9.7). Much of the ICW from Palm Coast to the
Tomoka River has a developed shoreline. Several segments
along the ICW are impaired due to low dissolved oxygen,
high nutrients, and the presence of fecal coliform bacteria
(SJRWMD and Frazel 2016b, Wainwright 2009). TDM-
Ls for nutrients have been established for Palm Coast and
the Tomoka River (Magley 2013a,b). Further information
on impaired waters in Florida is available at https://flor-
idadep.gov/dear/watershed-assessment-section/content/

assessment-lists.

Volusia County

The Halifax River and Tomoka Basin form a narrow
lagoon that connects to the Atlantic Ocean at Ponce de
Leon Inlet (Fig. 9.7). The Halifax River has an average
depth of 1.5 m (5 ft) and the spring tidal range at Ponce de
Leon Inlet is 1.0 m (3.2 ft) (NOAA 2017). Water levels are
strongly influenced by wind speed and direction (FDEP
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Figure 9.5. Shellfish harvesting areas on the northeast coast of Florida (data source: FDACS 2023). See Fig. 9.2
for an additional harvesting area in Duval County.
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Figure 9.6. Commercial oyster landings (a) and catch per unit effort (CPUE; b)
of commercial oyster landings in northeast Florida counties (data source: FWC
2023 and Florida Commercial Marine Fish Landings). Oyster landings before
1986 were collected under a voluntary reporting system.
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Figure 9.7. Oyster reef coverage in Flagler and Volusia counties. Oyster mapping sources: SJRWMD (2016a), made
from 2002-2014 photographs; Benson et al. (2023), made from 2021 aerial infrared imagery.

2017). Intertidal reefs are not found in great densities in
the Tomoka Marsh Aquatic Preserve and Bulow Creek,
but some sparse clusters of oysters are present along the
shoreline. The waters of Bulow Creck have an average sa-
linity of 11; however, salinity throughout the creek and
Tomoka Marsh Aquatic Preserve is dependent on rain-
fall, wind-driven tides, and storm surge (FDEP 2017).
The small tidal amplitude around the Tomoka Basin
(0.2 m/0.75 ft) is not known to support intertidal reefs,
although historical records indicate reefs were previously
present (SJRWMD and Frazel 2016b). Smith Creek and
the waterway adjacent to High Bridge Road do support
intertidal reefs. A large percentage of the shoreline on
the Halifax River north of Port Orange is hardened and
does not support shallow gradations of intertidal habitat
(unpublished SJRWMD 2016 shoreline survey). Intertidal
reefs become more abundant in the lower Halifax River
near Port Orange (Fig. 9.7). Tomoka River and Spruce
Creek are the only substantial freshwater inflows in the
Halifax River.

Mosquito Lagoon is a shallow lagoon with an av-
erage depth of 1.2 m (4 ft) that predominantly receives
freshwater input through runoff, with small contributions
from groundwater seepage, precipitation, small tributar-
ies, and canals (FDEP 2009). As it is enclosed by barrier
islands and connects to the Atlantic Ocean only by the
Ponce de Leon Inlet and to the Indian River Lagoon by
the Haulover Canal, the lagoon is characterized by weak
currents, a small tidal range (0.15 m/0.5 ft), and minimal
flushing (Steward et al. 2010). Wind movement of water
on time scales of weeks or months can exceed the nor-
mal diurnal tidal range, leading to irregular surface water
levels (Smith 1993). Due to its restricted nature and small
tidal prism, Mosquito Lagoon has a long water residence
time and is therefore susceptible to poor water quality
due to accumulation of pollutants (FDEP 2009). Salinity
is generally between 25 and 36, although the lagoon can
become hypersaline during times of high evaporation and
low freshwater flow (Grizzle 1990, Parker et al. 2013).

The northern portion of Mosquito Lagoon is man-
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aged under the Mosquito Lagoon Aquatic Preserve, while
Canaveral National Seashore and Merritt Island Nation-
al Wildlife Refuge manage the remainder of the lagoon.
Analysis of aerial imagery from 2010 revealed 2,542 oys-
ter reefs in Mosquito Lagoon, 624 of which were within
the boundaries of Canaveral National Seashore (Garvis
et al. 2015). Of these totals, 8.9% of Mosquito Lagoon
reefs were classified as dead, with a 24% loss of acreage
when compared to 1943 aerial images. For Canaveral
National Seashore, 17.5% of the reefs were classified as
dead, with a 40% loss of acreage (Garvis et al. 2015). To
determine change over time, Benson et al. (2023) repeated
this survey using 2021 aerial images. Garvis et al. (2015)
stopped at the North Causeway Bridge in New Smyrna
Beach; including intertidal oyster reefs up to the entrance
to Ponce de Leon Inlet in the 2021 survey increased the
total number of reefs to 3244 (Benson et al. 2023). If only
the comparison zone is considered, the number of reefs
increased from 2,542 to 2,668. This increase was due to
significant fragmentation of reefs during this 11-year pe-
riod, as shown by a decrease in live reef coverage from
46.3 t0 22.9 ha (114.4 to 56.6 ac). This equated to a 4.2%
annual loss of reef coverage, which occurred in spite of
positive gains as a result of restoration efforts (Benson et
al. 2023). Overall, there was a 62.6% loss in reef coverage
in Mosquito Lagoon from 1943 to 2021.

Many of the dead reefs in Mosquito Lagoon were as-
sociated with frequent boat wakes (up to 51 wake-pro-
ducing vessels/hr), which dislodged oyster clusters from
the sediment and washed the loose shells into marsh ar-
eas (Walters et al. 2021b) and killed oyster spat through
sediment scouring (Wall et al. 2005). Hurricanes did not
produce similar changes in reef architecture (Walters et al.
2007). Oyster loss in Mosquito Lagoon is also now linked
to encroachment by tropical mangroves as a result of
tropicalization (McClenachan et al. 2020, 2021, Benson et
al. 2023). Mangrove coverage of intertidal reefs in Mos-
quito Lagoon increased by 198% between 1984 and 2017
(McClenachan et al. 2021). This change is due, at least in
part, to sediment acidification of these reefs by red man-
grove (Rhizophora mangle) root exudates (Whitten et al.
2022). Brown tide (Aureoumbra lagunensis) has stopped
oyster recruitment in Mosquito Lagoon during blooms
but did not kill adult oysters (Walters et al. 2021a). South
of Oak Hill/Eldora, oyster abundance is minimal, poten-
tially due to the lack of tidal range to support intertidal
oysters, as well as water levels that vary seasonally due to
precipitation and wind patterns.

Canaveral National Seashore contains large shell
mounds from pre-Columbian indigenous populations,
including Turtle Mound, the largest shell midden on the

east coast of Florida (FDEP 2009). These mounds and
other Timucuan artifacts indicate a long history of oys-
ter harvesting by indigenous people in the area; archeo-
logical evidence indicates that the area was inhabited for
more than 10,000 years before European settlers arrived.
Many of these shell mounds were removed when they
were mined to use the shell on roads and railroads or as
fill (FDEP 2009). Living shoreline projects have focused
on protecting these pre-historic areas within the national
park by creating breakwaters which also recruit oysters
(Fillyaw et al. 2021).

A large portion of Mosquito Lagoon is classified as a
Class II water body (see Area #82 in Fig. 9.5), and oysters
and clams are commonly harvested commercially and
recreationally. There are four active oyster leases in the
southern portion of the lagoon, including some within the
boundaries of the Canaveral National Seashore (FDEP
2009, FDACS 2023). The FDACS monitors water quality
for the concentrations of fecal coliform bacteria and tox-
ic algae, including species that cause brown tide, red tide
(Karenia brevis), and paralytic shellfish poisoning (Py-
rodinium bahamense). The lagoon has sometimes been
closed to shellfish harvest due to heavy rainfall events or
high concentrations of toxins or algal cells (FDEP 2009).

The CPUE of oysters in Volusia County declined
from 2000 to 2010 (Fig. 9.6b). Both the number of trips
and pounds harvested decreased between 2000-2004 and
2005-2010. In 2004, four major hurricanes affected Volu-
sia County in short succession: Charley, Frances, Ivan,
and Jeanne. Major rainfall and damage associated with
these storms and the subsequent impacts on water quality
likely contributed to the dramatic decline in oyster har-
vest effort for several years. This decline also coincided
with an increase in the occurrence of the predatory crown
conch (Melongena corona) associated with increased sa-
linity and reduced freshwater input (Garland and Kim-
bro 2015). Crown conch larvae have higher survivorship
in high salinity (Hathaway and Woodburn 1961, Garland
and Kimbro 2015). However, Craig et al. (2016) found a
low density of crown conchs in this location, with an av-
erage of only 1 conch per 100 m? (1,074 ft?). Thus, the
decline in CPUE is likely more closely related to extreme
weather events resulting in poor water quality and the as-
sociated potential for disease.

Since 2016, the CPUE in Volusia County has in-
creased; however, this is reflective of reduced trips rather
than increased harvesting. Both trips and pounds have re-
mained low since 2016, with harvest at an all-time low of
86 kg (190 1b) in 2023. Starting in 2016, which coincided
with a brown tide bloom, the number of trips and pounds
harvested both decreased by more than an order of mag-
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the GTMNERR caused a 12% decline in water filtra-
tion. They warned that erosion rates were increasing

nitude compared to the previous five years and have not
since recovered to pre-bloom levels.

Threats to oysters in northeast Florida

e Climate change and sea-level rise: Sea-level rise, vari-
able precipitation patterns, and rising temperatures are
expected to increase (or continue increasing) predation,
disease, and harmful algal blooms in this region (Pe-
tes et al. 2012, Gobler et al. 2013, Garland and Kimbro
2015). Some intertidal reefs are becoming submerged
because of sea-level rise, particularly in Mosquito La-
goon (Benson et al. 2023). Oyster reefs with moderate
aerial exposure and submergence times grow most rap-
idly, while areas that are entirely submerged have low-
er rates of growth and accretion because of exposure
to disease, predation, and sedimentation (Ridge et al.
2015). Boring sponge (Cliona spp.) infestations, which
result in weakening and loss of shell, is another import-
ant problem in newly subtidal areas (Walters and Fang,
unpublished data). Constant submersion of lower re-
gions on reefs appears to be causing reef degradation
and fragmentation (Benson et al. 2023). The impact
of sea-level rise is also noticeable on restored reefs in
Mosquito Lagoon. Some of the outer areas of restored
patch reefs that previously supported intertidal oysters
are now submerged and have been overtaken by subtid-
al organisms such as sponges and ascidians (Walters,
unpublished data). Understanding the changes in reef
coverage, condition, and competition is critical to en-
able effective restoration and resource management.
Tropicalization and mangrove expansion onto oyster
reefs is also driving oyster loss, particularly in Mos-
quito Lagoon (McClenachan et al. 2021). Mangrove
expansion is reducing the area covered by oyster reefs
(McClenachan et al. 2020) and lowering the porewater
pH of oyster reefs (Whitten et al. 2022).

Boating impacts: Oyster reefs are susceptible to wave
exposure and boat wakes, which can result in erosion
or accumulation of dead shell at and above the high
tide line in piles known as shell rakes. Evidence has
shown significant erosion of oyster reefs in northeast
Florida due to boat wakes (Grizzle et al. 2002, Price
2005, Wall et al. 2005, Frazel 2009, Walters et al. 2017,
Pinton and Canestrelli 2024). An analysis of aerial
photos from 65 km (40 mi) of channel in the southern
GTMNERR revealed that 70 ha (170 ac) of shoreline
habitat eroded from 1970 to 2002 (Price 2005). Pinton
and Canestrelli (2024) estimated that the loss of oyster
reefs due to bank erosion (mostly from boat wakes) in

over time and filtration services would likely decline
exponentially. Reefs have also eroded in Mosquito La-
goon due to boat wakes (Garvis et al. 2015, Walters et
al. 2021). The width of dead margins increased from
1940 until 2000, when they made up 9% of the areal
extent of oyster reefs in Mosquito Lagoon (Grizzle et
al. 2002). Some reefs migrated as much as 50 m (165
ft) away from the ICW because of erosion (Grizzle et
al. 2002), at an average rate of 0.86 m (2.8 ft) per year
(Garvis et al. 2015). Campbell (2015) documented that
boaters cause the most damage to oyster reefs when
traveling at intermediate speeds with maximal wakes.
Artificial oyster reefs and other structures can help mit-
igate wave energy from boat wakes (see restoration sec-
tion below; Safak et al. 2020a, 2020b, 2021).

Habitat loss: Oysters are directly susceptible to habitat
loss because of coastal development, shoreline hard-
ening, and dredge-and-fill operations. In a SJRWMD
study, more than half of the 2,000 locations surveyed
in developed areas of northeast Florida were on a
hardened shoreline edge, particularly in residential ar-
eas (Ron Brockmeyer, pers. comm.). Thirty percent of
these areas lacked a natural intertidal zone. Hardened
shorelines not only interrupt the transition area from
upland to benthic habitat but reflected wave energy
can also undermine potential adjacent oyster habitat.
Coastal development also indirectly impacts oysters
through altering freshwater flow, reduced water qual-
ity, increased pollutants, and increased sedimentation
(Sanger et al. 2015, Kyzar et al. 2021).

Harvesting: While of some economic and cultural
value, oyster harvesting removes individuals from the
population, decreases available substrate for larval set-
tlement, changes population size and structure, and
can widen and reduce the height of reefs (Abbe 1988,
Woods et al. 2005, Powell and Klinck 2007). A higher
reef height reduces the effects of hypoxia and sedimen-
tation and enhances current flow over oysters, all of
which increase growth and survivorship rates (Roth-
schild et al. 1994, Lenihan and Peterson 1998). Loss
of substrate due to overharvesting may further hinder
the ability of reef accretion to keep up with the pace of
sea-level rise (Rodriguez et al. 2014).

Diseases: In one study, the protozoan disease dermo
(Perkinsus marinus) was common throughout the
GTMNERR, but intensities were relatively low (0.75—
1.16 on the scale of 0 to 5 developed by Mackin 1962;
Brandimarte et al. 2017). There is no evidence of ele-
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vated disease severity or resultant population-scale im-
pacts to oysters due to either dermo or MSX (Haplo-
sporidium nelsoni) in northeast Florida (Walters et al.
2007, Apeti et al. 2014, Laramore et al. 2017). However,
because multiple stressors often interact and make oys-
ters more susceptible to disease (Lenihan et al. 1999),
monitoring of diseases and oyster condition should
continue. Warmer winters may allow disease to flour-
ish year-round. The possible impacts of these changing
conditions are poorly understood.

Invasive species: The Asian green mussel (Perna viridis),
charru mussel (Mytella charruana), and pink barnacle
(Megabalanus cocopoma) are invasive species found in
northeast Florida, where they compete with native oys-
ters for habitat and food (Gilg et al. 2010, 2012, 2014;
Yuan et al. 2016, Galimany et al. 2017). Charru mus-
sels were first noticed on the east coast of Florida in
Jacksonville in 1986; localized, long-term populations
have been observed in several locations on the east
coast (Boudreaux et al. 2006, FDEP 2009, Spinuzzi et
al. 2013). Population genetics research suggests that
all three of these species were transported via ballast
water or ships’ hulls (Gillis et al. 2009, Spinuzzi et al.
2013, Cohen et al. 2014, Calazans et al. 2017). The
Asian green mussel has been found in the highest num-
bers, particularly near Jacksonville (FDEP 2009). While
abundant for a few years in Mosquito Lagoon waters,
few to no individuals of these three sessile invaders have
been found in recent years (Walters et al. 2021, Walters
pers. obs.).

Microplastics: Both natural and restored oyster reefs
filter suspended particles from the water, including mi-
croplastics (Waite et al. 2018, Craig 2021, Craig et al.
2022, Walters et al. 2022b, Busch et al. 2023). Waite et al.
(2018) was the first to document human-made particles
in eastern oysters and mud crabs associated with oyster
reefs. Interestingly, pea crabs (Zaops ostreum), which
spend their lives inside live oyster shells, both consume
and become entangled with plastic microfibers (Walters
et al. 2024). Using more refined techniques, microplas-
tics, especially polyethylene terephthalate, have been
found in the tissues, feces, and pseudofeces of all sizes
of oysters throughout the Indian River Lagoon, includ-
ing Mosquito Lagoon (Craig 2021, Craig et al. 2022,
Walters et al. 2022b). Busch et al. (2023) found that
stormwater outfalls in Mosquito Lagoon are a source
of microplastics, while neither wind nor rain from hur-
ricanes correlated with increased microplastic densities
in Mosquito Lagoon (Walters, unpublished data). Al-
though the impacts of microplastics on eastern oysters
are still being studied, Pacific oysters exposed to micro-

plastics (Crassostrea gigas) have reduced reproductive
capacity and energy uptake (Sussarellu et al. 2016).

e Pathogens: Sweat et al. (2023) found that the Indian
River Lagoon contained numerous potentially patho-
genic microbes (PPM). PPM were surveyed in estuary
water, at stormwater outfalls, and oyster biodeposits.
The biodeposits contained relatively more abundant
and diverse PPM than the water samples. The PPM
community composition differed between seasons, and
between biodeposits and water. The community differ-
ences were driven primarily by Vibrio and Pseudoalter-
omonas spp. (Sweat et al. 2023). This investigation pro-
vided evidence that, through biodeposition, oyster reefs
in the Indian River Lagoon are a reservoir for PPM;
therefore, the potential of PPM to enter food webs and
fisheries should be explored.

Oyster reef mapping and monitoring efforts

The compilation of oyster maps used in figures in this
report are available for download at http:/geodata.myf-
we.com/datasets/oyster-beds-in-florida. This compilation
of oyster maps will be updated as new mapping sources
become available. An index of all oyster maps in Florida

is available for viewing at https://experience.arcgis.com/
experience/4b82£5d17a794543bddf889472a763¢b.

NOAA Mussel Watch

The National Oceanic and Atmospheric Administra-
tion (NOAA) National Status and Trends Program has
been monitoring pollutants in bivalves across the coastal
United States through the Mussel Watch program since
1986. Monitoring locations on the northeast Florida
coast included Chicopit Bay on the St. Johns River from
1989 to 2011 and Crescent Beach on the Matanzas River
from 1989 to 2012. Oysters in each location were mon-
itored for concentrations of heavy metals and organics.
Polycyclic aromatic hydrocarbons (PAHs) in St. Johns
River oysters were attributed to petroleum contamina-
tion associated with shipping and high boat traffic in the
river (Pinto et al. 2023). Medium to high concentrations
of arsenic, mercury, nickel, and lead in St. Johns River
oysters were reported based on data from 2004-2005
(Kimbrough et al. 2008). In the same report, medium
to high concentrations of arsenic, mercury, nickel, and
zinc were found in Matanzas River oysters (Kimbrough
et al. 2008). Oysters in the Matanzas River site had low
copper concentrations, less than half the average con-
centration found in Florida oysters overall (Frazel 2009).
Many oysters in Florida have high copper concentra-
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tions because copper is used in fungicides, algaecides,
and antifouling paints (Kimbrough et al. 2008).

Northeast Florida oyster reef condition
assessment

The SJRWMD, GTMNERR, University of Central
Florida (UCF), and the Northeast Aquatic Preserves
collaborated to develop an intertidal Oyster Condi-
tion Assessment (OCA) protocol built on their earlier
research efforts but standardized for regional applica-
tion across geographic areas (Walters et al. 2016). With
funding from the SJRWMD and the Florida Coastal
Management Program, the partners applied the method
in northeast Florida to test the repeatability and consis-
tency of the method. The OCA sampling protocol cap-
tures universal metrics for monitoring and assessment
of oyster habitat described by Baggett et al. (2014), but
also complements research questions specific to the
GTMNERR and UCF monitoring programs. The data
were designed to be used to assess the condition of the
resource and provide baseline information describing
northeast Florida estuarine ecosystems.

Metrics on oyster reef condition were collected on
more than 200 reefs in Nassau, Duval, St. Johns, Flagler,
and Volusia counties during the summers of 2015-2017
and winter 2015-2016. The intertidal reefs were catego-
rized as fringe, patch, or string, and were at least 5 m (16
ft) long as per the monitoring protocol. Nested quadrat
data were collected along a transect on the portion of
the reef with the highest oyster density (Fig. 9.8). Met-
rics included reef height, slope, and thickness; percent
cover (living oysters, dead shell, or sediment); number
of oyster clusters; oyster density; burial depth; and shell
height. Total number and size of individuals of invasive,
predatory, and commensal species were also recorded
(Walters et al. 2016). The OCA protocol is available
online at https://ocean.floridamarine.org/OIMMP/Re-
sources/Walters %20et %20al %202016.pdf and data are
available at https://data.florida-seacar.org/programs/
details/5017.

GTMNERR oyster monitoring

Pilot monitoring of intertidal oyster reefs within
the GTMNERR and surrounding waters was initiated
in 2014 (Fig. 9.8). The main objectives were to evalu-
ate the status of oyster populations in the area; provide
abundance and size estimates that would inform the
quantification of ecosystem services provided by oys-
ters; obtain baseline estimates of reef, population, and

community structure metrics for future assessments;
and evaluate methods for long-term monitoring. Oyster
reefs were sampled in the winter (January—March) and
summer (July—September) during 2014-2016 (summer
only in 2014). A stratified-random design was used to
sample 210 reefs in seven regions throughout the reserve.
An average of 1,621 oysters per m*> (150 oysters per ft?)
was observed. The proportion of spat-sized oysters
(< 25 mm/0.98 in. shell height) was higher in summer
than winter, but there was no evidence of a seasonal
difference for fishery-size oysters (= 76 mm/3 in. shell
height). Size-frequency distributions, an indicator of the
age structure of a population (Baggett et al. 2014), were
mostly skewed towards more abundant smaller individ-
uals or size classes (Fig. 9.9). The decreased abundance
of larger individuals indicates higher mortality when
the oysters reach a subadult size; this pattern is common
for intertidal oysters in the southeastern United States
(Bahr and Lanier 1981, Coen and Luckenbach 2000, Vo-
lety and Savarese 2001).

Reef height and slope measurements did not differ
by season. Reefs were tallest and steepest in the northern
regions and flattest in the most southern regions, similar
to findings by Shirley et al. (2016). Reefs were also rela-
tively flat in the Salt Run region, an easily accessible but
relatively small oyster harvesting area, resulting in rela-
tively high harvest pressure. Local harvesting practice is
to cull the reefs by hand, knocking off the small oysters
and taking only fishery-size oysters. Salt Run reefs also
had few clusters and lower oyster density but had one
of the highest proportions of fishery-size oysters. The
harvest activities that keep the reef profiles, clusters, and
densities low may also contribute to faster growth rates
of oysters in this region.

Regional mean values for percent cover of live oys-
ter were similar at 24-29%. Living oyster and shell
cover were higher in winter; sediment cover was higher
in the summer. Living oyster cover was positively cor-
related with densities of oysters, indicating that cover
could be used to estimate oyster density (and the relative
quantities of the ecosystem services they provide). The
ease and relative quickness of measuring percent cover
would facilitate assessment of larger sample sizes and
spatial coverage in a nondestructive manner.

Oyster density was correlated with the densities of
all associated fauna. The strongest relationship was with
mussels (R* =0.69). Associated fauna observed on oyster
reefs throughout this study included annelids (Polydora
spp.), quahog/hard clams (Mercenaria campechiensis),
Atlantic oyster drills (Urosalpinx cinera), white/striped
barnacles (Balanus ampbhitrite), ribbed mussels (Geuken-
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sia demissa), mahogany date mussels (Lithophaga biscu-
lata), crown conch, boring sponges, slipper snails (Crepi-
dula spp.), porcelain crabs (Petrolisthes armatus), stone
crabs (Menippe mercenaria), swimming crabs (Callinect-
es spp.), and other xanthid crabs (Family Panopeidae).
Predatory crown conchs were only found on reefs in
the Pellicer region, consistent with a study by Garland
and Kimbro (2015) in the same region. Mean crown conch
density was 3.8 per m*> in GTMNERR monitoring com-
pared to 1.5 per m? in Garland and Kimbro (2015), but it
is difficult to assess whether this difference is significant.
The Pellicer region surrounds the mouth of a freshwater
tributary (Pellicer Creek), and oyster growth rates tend to
be lower in low salinity (Volety and Savarese 2001, Wang
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et al. 2008). Thus, the lack of large oysters in this region
may also be a long-term consequence of freshwater dis-
charge and associated factors. Additional details, a sum-
mary report, and data can be downloaded from https://
data.florida-seacar.org/programs/details/4000.

Larval settlement patterns were monitored monthly
throughout the GTMNERR following Fish and Wildlife
Research Institute (FWRI) protocols (Parker 2015; FWRI
2021) from 2015-2020 (Knoell et al. 2021, Kimmel et al.
2024). Samples were collected using a spat tree, i.e., a
T-shaped PVC device with cleaned oyster shell suspended
on a wire from each end of the crossbar (Fig. 9.10). Three
spat trees were deployed in five regions and larval settle-

ment was quantified by counting the number of oyster

¥a

Figure 9.8. Field staff estimating percent cover along an oyster reef transect. Photo credit: GTMNERR.
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Figure 9.9. Oyster size class frequencies by region and season (summer or winter of 2014-2016).
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spat on the bottom/inside of each interior shell. Over-
all, larval settlement increased over the six-year study
and settlement occurred between April and October
(Fig. 9.11; Knoell et al. 2021, Kimmel et al. 2024).

In December 2021, the GTMNERR started a
long-term oyster monitoring program with the goal
of tracking change in oyster reefs and their popula-
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Figure 9.10. Spat tree deployed on a reef (left)
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tion structure over time. Given the large size of the
GTM estuary, a three-year rotational approach is
being used to maximize the number reefs sampled in
each of three regions (Guana/Tolomato, St. Augus-
tine/North Matanzas, and South Matanzas/Pellicer
Creek). Sampling is conducted annually from Decem-

ber—March and metrics include percent cover (live,
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box, shell, sediment, other), live oyster cluster counts,
large gastropod counts, mangrove seedling counts,
reef height, bivalve density, and shell height (oyster,
clam, mussel), as well as barnacle density. Protocols
and data are available at https://data.florida-seacar.

org/programs/details/4000.

Drone aerial oyster mapping in the
GTMNERR

Researchers the University of Florida
collected drone imagery in the Guana River during
three flights in 2022 (Fischman et al. 2023). Polygons
surrounding all oyster reefs captured in drone imagery

were delineated manually. Discrete reefs with high

from

densities of oysters were classified as ‘consolidated
reefs’ and fringing reefs with lower densities and bare
areas were classified as ‘unconsolidated reefs’. This
method created high-resolution maps, with the goal
of minimizing bare area in oyster polygons. This layer
has been added to the Index of Oyster Maps (https://
geodata.myfwc.com/datasets/oyster-beds-in-florida/
explore) and is included in Fig. 9.3.

The GTMNERR is partnering with other NERRs
in the southeast United States to assess the utility
of uncrewed aircraft systems for oyster monitoring
(https://nerrssciencecollaborative.org/project/
Kingsley-Smith22). Oyster reefs in the Matanzas
River and Salt Run were sampled using both
traditional, ground-based metrics and drone flights
during summer 2023 in this ongoing project.

Florida Fish and Wildlife Conservation
Commission (FWC) oyster monitoring

The FWC/FWRI received funding to develop a
monitoring program in northeast Florida. In 2025,
the locations of the monitoring will be decided in
coordination with regional partners to ensure the
monitoring targets data gaps in understudied portions
of the region. Oyster monitoring is scheduled to

begin in 2026 and will follow a version of the methods
described in FWRI (2021).

Oyster monitoring following large-scale
wetland restoration

Starting in 2019, oyster monitoring by the
SJRWMD and FWC was conducted before and after

extensive restoration of dragline-ditched wetlands in
Flagler County to evaluate the potential impacts of

the wetland restoration on nearby reefs. A total of 67
reefs were sampled pre-restoration, 4 months post-
restoration, and 16 months post-restoration. Surveys
evaluated the proportion of live oysters, dead oysters,
and substrate at reefs located varying distances
from the construction footprint in comparison
to 14 reference reefs within the same system. The
proportion of live reefs varied widely over time and
across reefs, and surveyed reefs showed no significant
interaction related to distance (i.e., reefs closer
to construction did not experience greater loss of
oysters than reefs far removed from the construction).
Overall, the reefs did not exhibit consistent evidence
of negative impacts associated with the restoration
project (SJRWMD, unpublished data).

Mosquito Lagoon Aquatic Preserve oyster
monitoring

The University of Central Florida has conducted
annual monitoring of restored and natural oyster reefs
in Mosquito Lagoon waters since 2008. Data collection
includes density (on natural and restored reefs), shell
heights, canopy height of vegetation, presence of invasive
species, seagrass recruitment adjacent to reefs, and boat-
strike frequency. Since 2014, monthly recruitment data
have been collected on 10 reefs. Monitoring has overlapped
with two brown tide events (Walters et al. 2021b).
Additional data has been collected on the impact of
restoration on ecohydraulics, biogeochemistry, fisheries,
invertebrates (including infauna), wading birds, and the
perceptions of volunteers involved with the project.

In 2016-2017, the FWRI, along with Florida
Atlantic University’s Harbor Branch Oceanographic
Institute and the FDEP Aquatic Preserves, sampled
restored and natural reefs throughout the Indian
River Lagoon, including six reefs within the Mosquito
Lagoon Aquatic Preserve, to assess organismal health.
Oysters sampled were evaluated for health indices
such as gut condition, gonad development, and
prevalence of diseases including dermo, MSX, and the
parasite Bonamia spp. (Laramore 2017). Both dermo
and Bonamia spp. were detected, but MSX was not
detected in any of the collected bivalves (Laramore et
al. 2017).
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Intertidal oyster mapping

Aerial photography was used by researchers from
UCF and the SJRWMD to identify oyster reef signa-
tures and map the distribution of intertidal oyster
reefs throughout the northeast Florida region. ArcGIS
software was used to delineate the perimeter of each
reef with the goal of creating a continuous intertidal
oyster reef habitat map (Garvis et al. 2015, SJRWMD
2016a, Garvis et al. 2020, Benson et al. 2023), which could
serve as a baseline map of oyster distribution for future
management and assessment. The largest mapping effort
represents the first successful attempt at fine-scale oyster
reef mapping across the entire northeast Florida region
and resulted in the mapping of 17,953 reefs covering 650
ha (1,610 ac) (Garvis et al. 2020). Of these reefs, 6.1%
were classified as dead, all of which were along major
boating channels.

Selected Restoration Efforts

Living shorelines in Northeast Florida

Providing substrate to create artificial oyster reefs
as part of living shorelines has been common practice
in northeast Florida. These created oyster reefs stabilize
shorelines from wave energy created by boat traffic,
accumulate sediment, and provide habitat for local fish,
birds, and invertebrates (Coen et al. 1999, Mathews et al.
2023). Studies have found these created oyster reefs result
in the accretion of fine, organic-rich sediment that may
aid ecosystem services and carbon burial, but also may
threaten burial of live oysters (Southwell et al. 2017, Chaya
et al. 2019, Veenstra et al. 2021).

Along the Tolomato River within the GTMNERR,
issues with shoreline erosion prompted the creation of ~260
linear meters (850 ft) of oyster reefs at Wright’s Landing
in 2012-2014 using plastic bags filled with recycled oyster
shell. Over approximately ten years, these reefs declined
in live oyster cover and flattened and dispersed laterally,
likely due to wave and wake energy (Veenstra et al. 2021).
In 2017, a hybrid design consisting of wooden breakwaters
and oyster gabions was deployed at six sites along the
Tolomato River. Salt marsh cordgrass that was protected
by the living shoreline remained stable or expanded,
in contrast to the salt marsh loss that was observed at
sites without reef protection (Safak et al. 2020a, 2020b).
Compared to the bagged shell reefs at Wright’s Landing,
this hybrid design more effectively protected the high-
energy shorelines of the Tolomato. However, maintenance
of the breakwaters requires significant effort, which makes

large-scale implementation challenging. Informational
resources about this project, including a training manual,
can be found at https:/nerrssciencecollaborative.org/
project/Angelinil5.

In 2022, three similar hybrid living shoreline
installations were completed along ~152 linear meters
(500 ft) of eroding shoreline at Washington Oaks Gardens
State Park, Gamble Rogers Memorial State Recreation
Area, and North Peninsula State Park for a total of 456
linear meters (1,500 ft) of total shoreline stabilization. The
design included breakwaters designed to recruit and grow

oysters at the toe of their slope to protect native wetland
plants along the shoreline. Non-plastic oyster gabions
and oyster volcanoes (modular jute fiber structures with
a thin coating of cement) were used at all three locations
to better understand material performance for shoreline
stabilization and oyster recruitment at various points
along the ICW (Walters et al. 2022a). Oyster growth
and recruitment varied across sites, and all three sites are
trending positively toward stabilization except for the
locations where foot traffic and boat wakes are the most
intense. Coir logs and a variety of plant species were added
in July 2024 for additional stabilization of two eroded
areas. The areas were also fenced off to limit foot traffic.

Livingshorelines thatinclude an oyster-reef breakwater
were constructed along eroding areas in Tomoka State
Park in 2019 and 2020. The design consisted of oyster bags
at the toe of the slope to support a fringe reef, and smooth
cordgrass and mangroves planted behind the breakwater
for stabilization. This layout has been used successfully
along other historic shell-middens that are eroding farther
south in Volusia County, in Canaveral National Seashore
(e.g., Walters et al. 2017, McClenachan et al. 2020, Fillyaw
et al. 2021). The living shorelines are accreting sediment,
vegetative cover has increased significantly, and oyster
recruitment occurs annually on the breakwater materials.
Due to freshwater pulses, oyster growth is limited near
the mouth of the Tomoka River and there are occasional
large mortality events. A small pilot project using only oyster
volcanoes, a plastic-free breakwater material, was completed
in 2022 and showed promising results. Additional living
shorelines are planned for shorelines of concern within the
park using non-plastic materials for breakwaters that are
suitable for oyster settlement and growth.

Mosquito Lagoon oyster restoration

Opyster reef restoration has been carried out
continuously in Mosquito Lagoon since 2007, and shell
substrate has been prepared and deployed for the growth

of an estimated 30 million oysters (Walters, unpublished
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data). Dead reefs have been revitalized by reducing the
height of large piles of disarticulated shell and placing
stabilized shell on the leveled area close to or below the
high tide line. In 2019, the team transitioned from using
plastic-based products to using only biodegradable
materials (Nitsch et al. 2021, Walters et al. 2022a). UCF
and its partners, plus over 69,000 community volunteers,
restored 113 reefs with a footprint of approximately 1.6
ha (4.0 ac) in Mosquito Lagoon and stabilized 6.0 km
(3.7 mi) of shoreline between 2011 and 2024 in Canaveral
National Seashore. Restored reefs have endured seven
hurricanes and three brown tides (e.g., Walters et al.
2007, Gobler et al. 2013, Walters et al. 2021b). Restored
reefs with more than 1,000 living oysters per m? (83
per ft?) were present after 13 years (Walters et al. 2021).
Significant recruitment of oysters along stabilized
shorelines has also been documented (Walters et al. 2017).
There was a 69% reduction in wave energy hitting these
shorelines when 1-year-old restored oysters and smooth
cordgrass were present (Manis et al. 2015). Within one
year of establishment, these restored oyster reefs achieve
biogeochemical cycling similar to that of natural reefs
(Chambers et al. 2018, Locher et al. 2021, Hurst et al.
2022). Larval recruitment to restored reefs accumulates as
much genetic diversity (expected heterozygosity and allelic
richness in microsatellite loci) as natural reefs within
as little as one month of shell deployment. Moreover,
harvesting did not impact the genetic diversity of oyster
reefs in Mosquito Lagoon (Arnaldi et al. 2018). Kibler and
colleagues have documented that oyster reefs significantly
alter flow and turbulence (e.g., Cannon et al. 2022a,b,
Kitsikoudis et al. 2020), while Hawthorne et al. (2022)
found oyster reefs provide important benefits and a “sense-
of-place” for residents and visitors to Mosquito Lagoon.

The impact of Mosquito Lagoon oyster reef
restoration on biodiversity has been well documented.
The taxa that benefited include infauna (Harris 2018,
Copertino et al. 2022), mobile invertebrates (Searles et
al. 2022), recreationally and commercially important fish
species (Lewis et al. 2021, Troast et al. 2022, Loch et al.
2021), and coastal birds (Shaffer et al. 2019, Copertino et
al. 2022). Trail cameras along living shorelines focused on
oyster wavebreaks have determined that mammals also
responded quickly and did not avoid the stabilization
materials (Rifenberg et al. 2021, Guise 2023).

Recommendations for management,
mapping, and monitoring

e Complete mapping and monitoring efforts that make
note of unconsolidated substrate and dead margins to

quantify migration or change in the condition of oyster
reefs (Grizzle et al. 2002, Price 2005, Frazel 2009, Garvis
et al. 2015, Benson et al. 2023). Repeat these efforts at a
minimum of every 10 years.

e Continue exploring the reliability and accuracy of
drones to map and monitor intertidal reefs and develop
standardized protocols.

o Verify the presence or absence of subtidal reefs.

e Continue studies of species interactions (including pre-
dation, competition with invasive species, mangrove
encroachment, damage by boring sponges and algal
blooms) and how these interactions might be altered by
a changing climate and developing watersheds. Investi-
gate effects of food limitation, nutrition, toxicity, and
unpalatability for oysters in northeast Florida.

e Evaluate and monitor how commercial and recreational
harvesting impact factors that influence reef resilience
(e.g., size structure, population dynamics, reef height,
and accretion rate) to various stressors. Investigate the
impact of aquaculture leases on ecosystem dynamics.

e Develop hydrodynamic and oyster population mod-
els to assist with predictions about long-term resource
sustainability.

e Develop habitat suitability models to guide habitat res-
toration and enhancement efforts.

e Continue to evaluate non-plastic materials for resil-
ience and oyster recruitment to improve oyster reef res-
toration and living shoreline stabilization.

e Continue studies of oyster rakes, including rake dy-
namics, their value as habitat for a variety of wildlife
species, including their use as nesting areas for threat-
ened shorebirds and seabirds including American
Oystercatchers (Haematopus palliatus), Least Terns
(Sternula antillarum) and Black Skimmers (Rynchops
niger). Continue to monitor the impact of oyster rakes
on adjacent coastal wetland habitats.
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General references and additional regional
information

Guana Tolomato Matanzas National Estuarine Research
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http://www.gtmnerr.org
https://floridadep.gov/fco/nerr-gtm
https://coast.noaa.gov/nerrs/reserves/gtm.html

Canaveral National Seashore general management plan:

https://parkplanning.nps.gov/document.
cfm?documentID=60172

St. Johns River Water Management District:
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https://floridadep.gov/rcp/aquatic-preserve/locations/
mosquito-lagoon-aquatic-preserve
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Regional contacts

Linda Walters, Pegasus Professor of Biology, University
of Central Florida, linda.walters@ucf.edu

Nikki Dix, Research Director, Guana Tolomato, Matan-
zas National Estuarine Research Reserve,

nikki.dix@dep.state.fl.us

Annie Roddenberry, Aquatic Habitat Conservation and
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Matthew R Anderson, Manager, Indian River Lagoon
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Protection, Matthew.R.Anderson@FloridaDEP.gov
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