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Description of the region

The region of Florida between Tampa Bay and the
Panhandle barrier island system is a marsh-dominated
coast often referred to as the Big Bend. The region is also
frequently split in two, with Wakulla County to northern
Levy County referred to as the Big Bend and southern Levy
County to Pasco County called the Springs Coast (Figure
3.1). The latter naming convention of the Big Bend and
the Springs Coast is used throughout this chapter. This
extensive region is divided among three water manage-
ment districts: Northwest Florida, Suwannee River, and
Southwest Florida (NWEFWMD, SRWMD, and SWFW-
MD, respectively; Figure 3.1). The gentle topography, low
wave energy, and broad, shallow West Florida Shelf pro-
vide ideal conditions for the extensive salt marshes along
the Big Bend and Springs Coast region (Rupert and Ar-
thur 1997, FDEP 2015). The shallow shelf and low energy
also allow the region to support many oyster reefs and the
second-largest expanse of seagrass habitat in the eastern
Gulf of Mexico (Hale et al. 2004).

Temperature, elevation, salinity, and tidal inunda-
tion influence the distribution of coastal wetland plant
species (Coultas and Hsieh 1997). Broad swaths of black
needlerush (Juncus roemerianus) marsh dominate in this
region, which is characterized by low wave energy, semi-
diurnal tides with a range of 1 m (3.2 ft), and freshwater
input from the Floridan aquifer (Stout 1984, Wolfe 1990,
Clewell et al. 2002). Black needlerush does not tolerate
inundation as well as does smooth cordgrass (Spartina

alterniflora), which occurs in the low marsh and is pres-
ent mainly in fringes along the coastline and tidal creeks
(Coultas and Hsieh 1997). Marsh zones in this region
may be very broad due to the gentle slope of the land.
Where salinity is lower, near rivers or spring-fed creeks,
salt marsh grades into oligohaline and freshwater marsh-
es, dominated by sawgrass (Cladium jamaicense), cattails
(Typha spp.), and forested wetlands (Clewell et al. 2002,
Light et al. 2002).

As elevation increases on the landward edge of the
marsh or on isolated tree islands, the vegetation transi-
tions through halophytic marsh and scrub into hammock
communities dominated by cabbage palm (Sabal palmet-
to), red cedar (Juniperus virginiana), and live oak (Quer-
cus virginiana) (Williams et al. 1999). Elevated islands of
coastal hammock communities are interspersed in both
salt and brackish marshes (Leonard et al. 1995, Williams
et al. 1999).

Salt marshes in the Big Bend and Springs Coast region
include tidal creeks and some natural levees created by
sediment deposited during high tides and storms (Leon-
ard et al. 1995, Wright et al. 2005). Salt barrens are com-
mon in the marsh interior, particularly in counties north
of the Suwannee River (Raabe et al. 1996, Hoffman and
Dawes 1997). These sparsely vegetated salt barrens occur
between the marsh and coastal forest at elevations only
centimeters above mean high water (Raabe et al. 1996).

Freshwater flow from tidal creeks and rivers is
dark-colored due to mineral particulates and dis-
solved and particulate organic matter, which limit light
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Figure 3.1. Salt marsh and mangrove extent in the Big Bend and Springs Coast region. Data sources: NWFWMD
2015-2016, SRWMD 20162017, and SWEFWMD 2017 land-use/land-cover data, based on FLUCCS classifications

(FDOT 1999, NWFWMD 2018, SRWMD 2020, SWFWMD 2020).
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availability and aquatic primary production (Bledsoe and
Phlips 2000, Hilliard 2010). Extensive seagrass beds are
found offshore of salt marshes in areas of sufficient wa-
ter clarity, interspersed with unvegetated intertidal flats
(Mattson et al. 2007, Carlson et al. 2010). Oyster reefs are
found near river mouths, tidal creeks, and offshore, par-
ticularly in areas of lower salinity as a result of freshwater
input (Seavey et al. 2011).

Mangroves can be found fringing salt marsh on the
Springs Coast along the coastal mainland and barrier is-
lands, particularly at Cedar Key (Figure 3.2), in the Ozello
archipelago in Citrus County, and in Pasco County. Freez-
ing temperatures limit the northern range of mangroves,
although the trees, especially black mangroves (Avicen-
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Figure 3.2. Salt marsh and mangrove extent around Cedar Key. Data
source: SRWMD 20162017 land-use/land-cover data, based on FLUCCS

classifications (FDOT 1999, SRWMD 2020).
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only at the published scale. These data
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nia germinans), have been able to expand northward due
to reduced frequency of extreme-cold events (Lugo and
Patterson-Zucca 1977, Kangas and Lugo 1990, Stevens et
al. 2006, Cavanaugh et al. 2014). After several hard freez-
es in the 1980s killed black mangroves along Cedar Key
and the Springs Coast, salt marshes, primarily smooth
cordgrass, recolonized the area (Clewell et al. 2002). Sub-
sequent mild winters allowed black mangroves to reclaim
the area and expand northward. This increase in man-
grove swamps, often at the expense of salt marsh habitat,
is evident in mangrove acreage data from SRWMD and
SWEWMD land-cover maps (Figure 3.3, Table 3.1).

Local geology and hydrology

N The prominent coastal marshes
of the Big Bend and Springs Coast
region are underlain by an Eocene—

Oligocene limestone shelf that crops
out close to the land surface, result-
ing in a relatively stable shoreline
compared to other regions in Flori-
da (Rupert and Arthur 1997, Raabe
et al. 2004). This area is also distinct
from other coastal regions in Flor-
ida in that it has limited quantities
of mineral sediment and is entire-
ly dominated by coastal marshes.
The karst limestone is occasionally
exposed on land and along stream

beds, supporting tree islands and
providing high banks in which tid-
al creeks form (Wolfe 1990, FDEP
2015, Hine 2019). Offshore, these
bedrock outcrops are the underlying
substrate for modern oyster reefs
(Hine 2019). While sandy features
are rare, sediment is maintained in
the system because of relatively low
wave energy (Rupert and Arthur
1997) with occasional redistribu-
tion during wind and storm events
(Leonard et al. 1995, Wright et al.
2005). A few natural sandy beaches
occur on Seahorse and Cedar keys,
remnants of ancient sand dunes
(Wright et al. 2005).

The area is not a traditional es-
tuary, since it is not partly enclosed
by land. It is, however, bounded by
a broad, shallow limestone shelf
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Figure 3.3. Extent of salt marsh and mangrove swamp
in land-use/land-cover maps from the three water
management districts in the Big Bend and Springs
Coast region (NWFWMD 2018, SRWMD 2020,
SWFWMD 2020).

and offshore oyster reefs that reduce wave energy and
slow freshwater flow, resulting in a low-energy, brackish
estuarine environment (Rupert and Arthur 1997, Kaplan
et al. 2016). Year-round the coastal waters are typically
less saline than seawater due to freshwater input (Orlan-
do et al. 1993). The Floridan aquifer lies close to the sur-
face here, and freshwater springs feed several rivers and

contribute directly to coastal waters (Coultas and Hsieh
1997, Raabe et al. 2011). Flow from the springs is more
consistent than in surface-fed streams, since groundwater
responds more slowly to changes in rainfall (Wolfe 1990).
The springwater is very clear, and the temperature is con-
sistent year-round. The mean water temperature is ap-
proximately 22 °C (72 °F), roughly the same as the mean
air temperature (Hornsby and Ceryak 2000), making the
region a natural haven for manatees in colder weather and
a popular tourist destination.

Human impacts

In part due to the lack of extensive beaches, the Big
Bend and Springs Coast region has remained less devel-
oped than the rest of coastal Florida. Often referred to as
the nature coast of Florida, it has been classified as one
of the least polluted coastlines in the continental United
States (Livingston 1990). The Suwannee River lacks the
impoundments and diversions commonly found in devel-
oped regions, making it one of the least impacted river
systems in the United States (Katz and Raabe 2005, Thom
et al. 2015).

The populations in Citrus, Hernando, and Pasco
counties on the Springs Coast, however, increased by
6-19% from 2010 to 2019 (U.S. Census 2019). In places
like Hernando Beach in Hernando County, coastal wet-
land habitat was dredged and filled during construction
of subdivisions (Wolfe 1990). Although the Big Bend is
predominantly undeveloped and much of the population
is rural, human impact is growing as the region becomes
increasingly popular for ecotourism and marine activities
(FDEP 2015). Other economically important industries in
the region include pit mining for lime rock, cattle ranging,
hog ranging, fishing, and shellfish harvesting (Wolfe 1990,
FWC 2004, FDEP 2015).

A large array of protected lands and coastal waters
is found along the Big Bend and Springs Coast region.
Aquatic preserves include the extensive Big Bend Seagrass-
es Aquatic Preserve, which covers 364,000 ha (900,000 ac),
along with the smaller Alligator Harbor and St. Martins
Marsh Aquatic Preserves (FDEP 2015). In 2020, the Na-
ture Coast Aquatic Preserve was established as the 42nd
aquatic preserve in Florida, protecting an additional
160,000 ha (400,000 ac) of submerged land. The region
includes five national wildlife refuges (NWRs): St. Marks,
Lower Suwannee, Cedar Keys, Crystal River, and Chassa-
howitzka, totaling more than 62,700 ha (155,000 acres).
In addition to public land owned by water management
districts, State-managed lands along the coast include
Econfina River State Park, Waccasassa Bay Preserve State
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Table 3.1. Mangrove and salt marsh extent in land-use/
land-cover maps from the three water management
districts in the Big Bend and Springs Coast region
(NWFWMD 2018, SRWMD 2020, SWEFWMD 2020).

POLULC” marsh  marh Mangrove Mangtove
map (ha) (ac)
NWFWMD
1994-1995 8,477 20,946 0 0
2004 8,260 20,410 0 0
2006-2007 8,344 20,619 0 0
2009-2010 8,278 20,455 0 0
2012-2013 8,219 20,310 0 0
2015-2016 8,356 20,648 0 0
SRWMD
1994-1995 27,156 67,104 8 19
2004 25,640 63,357 41 101
2006-2008 26,617 65,772 42 103
2010-2011 26,172 64,672 45 110
2013-2014 26,336 65,078 84 208
2016-2017 26,266 64,904 86 212
SWFWMD
1990 22,206 54,871 176 435
1994 21,889 54,090 169 418
1999 21,892 54,097 241 596
2004 21,908 54,135 243 600
2005 21,900 54,116 244 604
2006 21,897 54,109 244 604
2007 21,890 54,092 244 604
2008 21,751 53,749 419 1,035
2009 21,373 52,815 419 1,035
2010 21,295 52,620 418 1,034
2011 21,223 52,442 418 1,033
2014 21,006 51,906 422 1,043
2017 21,273 52,566 417 1,030

Park, Crystal River Preserve State Park, the Marjorie
Harris Carr Cross Florida Greenway, Werner-Boyce Salt
Springs State Park, Withlacoochee Gulf Preserve, Cedar
Key Scrub State Reserve, and numerous Florida Fish and
Wildlife Conservation Commission (FWC) wildlife man-
agement areas.

Threats to coastal wetlands

¢ Climate change and sea-level rise: Sea-level rise im-

pacts coastal wetlands in this region through greater
tidal inundation, saltwater intrusion, and heightened
wave erosion. At Cedar Key, sea level rose an average
of 2.23 mm (0.09 in.) per year (22.3 cm/8.76 in. per 100
years) from 1914 to 2020 (NOAA 2021). The Big Bend
and Springs Coast region is particularly susceptible to
sea-level rise and storm surge due to the gentle slope
of the topography. In regions with just 1.5 m of ele-
vation gain over 5 km (5 ft over 3 mi), 5 cm (2 in.) of
increased sea level can affect land 150 m (500 ft) inland,
with drastic impacts on coastal forests adjoining the
tidal marsh system (Stumpf and Haines 1998). As a re-
sult of increased tidal flooding and saltwater intrusion,
freshwater and upland ecosystems are in decline, and
salt-tolerant vegetation is moving farther inland (Fig-
ure 3.4; Raabe and Stumpf 2016, Langston et al. 2017,
McCarthy et al. 2018).

Erosion: Despite the relative stability afforded by the
shallow limestone shelf, the shoreline along the Big
Bend has been eroding at 1.2 m (3.9 ft) per year over the
past 120 years (Raabe et al. 2004, Raabe and Stumpf
2016). Mapping efforts comparing historical and mod-
ern shorelines show both the loss and gain of marsh
habitat along the Big Bend and Springs Coast region.
In several locations, including those just north of Weeki
Wachee and east of Cedar Key, salt marshes have been
disproportionately replaced by unvegetated mud flats
or open water (Raabe et al. 2004). Landward expan-
sion of salt marshes has compensated for this loss of
salt marsh habitat, but at the expense of upland forest
communities that cannot tolerate the increased salinity
(Kurz and Wagner 1957, Williams et al. 1999, Raabe et
al. 2004, Raabe and Stumpf 2016, Langston et al. 2017).
The rate of landward expansion of the salt marsh has
been documented to occur at 23 times the rate of loss
of the shoreward margin (Raabe and Stumpf 2016).

Altered hydrology: Although the population in this
region is relatively small, humans have impacted both
surface and groundwater hydrology. Ditches, dams,
and flood-protection structures alter surface water flow,
rates of drainage, and water-retention times (Wolfe
1990). The Hickory Mound impoundment in Taylor
County altered salinity regimes when it was built in 1968
to create a brackish marsh and augment waterfowl hab-
itat (FDEP 2015). Roads through low-lying lands can
function as levees, decreasing hydrologic connectivity
of the wetlands, fragmenting habitats, and obstructing
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Figure 3.4. Dead cabbage palm (Sabal palmetto) trunks
(top) and bases (bottom) surrounded by salt marsh at
high tide near the Homosassa River show evidence of

sea-level rise as salt-tolerant vegetation overtakes regions
previously dominated by upland species. Photo credit:
Kara Radabaugh.

water flow (Warren Pinnacle 2011). Boating channels
have also been dredged in parts of the region, the most
prominent of which is the remnant western edge of the
attempted Cross Florida Barge Canal, which ends in
Withlacoochee Bay.

Freshwater withdrawal and water extraction to
support urban regions, such as the growing Tampa Bay
population, have resulted in lower groundwater levels
and decreased spring discharge (SWFWMD 2001). Sev-
en Springs in Pasco County has stopped flowing entire-
ly (Harrington et al. 2010). Although less freshwater
is withdrawn in the SRWMD than in the other water
management districts, the rate of withdrawal there in-
creased rapidly from 1975 to 2000 (Marella 2014). Flow
in the Suwannee River has decreased due to withdrawal
upstream and rainfall patterns; since monitoring began

in 1931, the four lowest average annual flows in the Su-
wannee River have all occurred since 2000 (USGS 2013,
Thom et al. 2015). Additionally, the drinking-water
supply in Cedar Key was contaminated by saltwater
intrusion during a drought in 2012 (Smith 2012). Alter-
ations to surface hydrology and reduction in freshwater
flow threaten oligohaline marshes and encourage the
landward incursion of salt marsh species.

High nutrient concentrations: Increased nutrient con-
centrations are an important water-quality concern in
natural springs and the Suwannee River (Thom et al.
2015, ESA et al. 2017, Hilliard 2010). Fertilizers, atmo-
spheric deposition, septic tanks, and manure contrib-
ute nitrogen to surface water and groundwater, which
later comes to the surface at springs (Katz et al. 1999,
Harrington et al. 2010). By the late 1990s, nitrogen
concentrations in the Chassahowitzka River and oth-
er nearby springs were already 50 times those found in
pristine waters (Dixon and Estevez 1998). Nitrate lev-
els are particularly high in the Suwannee River during
periods of low flow, when water flow is dominated by
Floridan aquifer spring flow rather than by water from
the Okeefenokee Swamp (Pittman et al. 1997, Katz et
al. 1999, FDEP 2003, Hilliard 2010). Nitrate levels in
spring boils along the Springs Coast range from 0.185
to0 0.575 mg/L, frequently exceeding the Florida Depart-
ment of Environmental Protection’s nitrate threshold
of 0.35 mg/L for clear-water streams (Harrington et al.
2010). Isotope studies indicate that the primary contrib-
utors of nitrogen to these springs are inorganic fertiliz-
er, most likely from lawn and golf course applications,
and septic tanks (Harrington et al. 2010). Wastewater
retained in percolation ponds or discharged via land
application (wastewater sprayed on land for nutrient re-
duction via microbial processes and plant growth) may
also contribute nutrients to groundwater (Harrington
et al. 2010). Surface water naturally percolates down to
the aquifer, but this process is accelerated by drainage
wells and sinkholes (Wolfe 1990).

The response of coastal wetlands to eutrophication
is variable and poorly understood (Kirwan and Mego-
nigal 2013). Deegan et al. (2012) found that high nu-
trient levels increased above-ground Spartina spp. bio-
mass at the expense of root systems and subsequently
decreased marsh soil stability. High nitrogen concen-
trations can also increase mangrove growth, which
may facilitate mangrove encroachment into salt marsh
ecosystems (Simpson et al. 2013, Dangremond et al.
2019). Interactions among the many related factors and
the tendency of tidal marsh ecosystems to resist distur-
bances (up to a threshold) make it difficult to predict
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the impacts of increasing nutrients in coastal wetland
environments (Kirwan and Megonigal 2013).

e Mangrove encroachment: Mangroves are becoming
increasingly abundant fringing salt marshes along the
Springs Coast and the southern Big Bend due to the
lack of recent cold events (Stevens et al. 2006, Raabe
and Stumpf 2016). Mangroves at the northern end of
their range tend to establish on the seaward margin of
salt marshes and on islands (Figure 3.2). As the man-
groves increase in size and canopy coverage, they shade
and eventually replace marsh vegetation (Stevens et al.
2006, Cavanaugh et al. 2014). Mangroves provide many
of the same ecosystem services as salt marshes, but
mangrove encroachment will alter habitat availability
for obligate salt marsh species.

e Invasive vegetation: As in much of the rest of Florida,
invasive plant species threaten coastal wetlands in the
Big Bend and Springs Coast region. More than 60 non-
native invasive plant species have been identified in Big
Bend Seagrasses Aquatic Preserve, including water hy-
acinth (Eichornia crassipes), Brazilian pepper (Schinus
terebinthifolia), and Australian pine (Casuarina spp.)
(FDEP 2015). Increased nutrient levels may also make
freshwater sawgrass (Cladium jamaicense) marshes
vulnerable to invasion by native cattails (Typha spp.)
in a manner similar to that in South Florida marshes
(Newman et al. 1998).

e Industrial pollutants: Before 1998, the Fenholloway
River was classified as a Class V body of water (des-
ignated for industrial use), as it received point-source
pollutants from the Buckeye Foley pulp mill, mining
companies, and the City of Perry’s wastewater-treat-
ment plant (FWC 2004). Fishing and shellfish harvest
were banned there, and more than 2,300 ha (5,700 ac)
of seagrass beds were lost offshore of the Fenholloway
River (Mattson et al. 2007). Water quality in the river
has improved somewhat in recent decades. The river
was upgraded to a Class III body of water in 1998, in-
dicating it is now a water body with limited recreation,
fish consumption, and aquatic life due to human im-
pacts (FDEP 2020).

Mapping and monitoring efforts

Coastal wetland elevation monitoring

The U.S. Fish and Wildlife Service Southeast Region
Inventory and Monitoring Branch has implemented
coastal wetland elevation monitoring in 18 NWRs in
the southeastern United States since 2012. Participating

refuges follow standard protocols for collecting data on
surface elevation, accretion, pore-water salinity, and veg-
etation at permanent monitoring sites in selected priority
wetland habitats (Lynch et al. 2015, Boyle 2018, Moor-
man and Rankin 2020). Data are entered into a national
database and analyzed using standard methods (Ladin
and Moorman 2020). The objectives of this monitoring
program are to quantify rates of change in wetland eleva-
tion relative to sea-level rise in order to forecast longevity
of these priority habitats. The rod surface elevation table
(SET) method is used to monitor sediment height and cal-
culate vertical changes in wetland surface elevation (Ca-
hoon et al. 2002, 2003). Vegetation assessments (Boyle et
al. 2015, Cook et al. 2016), benchmark elevations (Moor-
man et al. 2019), and surface elevation trends have been
published for each participating site in the network (La-
din and Moorman 2020).

Monitoring locations along the Big Bend include
black needlerush salt marshes in Lower Suwannee NWR
and St. Marks NWR and a sawgrass marsh in Lower Su-
wannee NWR. The sawgrass monitoring site was aban-
doned in 2014 because it was so difficult to reach (Ladin
and Moorman 2020). While it is reccommended that data
be collected for at least 5 years before trend analysis is
conducted, preliminary analyses show both slightly pos-
itive and slightly negative trends in elevation (Ladin and
Moorman 2020). Surface elevation changed —0.99 + 0.58
mm/year (mean % standard error) from 2012 to 2018 at
three SETs in St. Marks NWR. At three SETs in the Low-
er Suwannee NWR, surface elevation increased by 1.06
0.67 mm/year from 2012 to 2016.

Gulf of Mexico and Southeast Tidal Wetlands
Project

The U.S. Geological Survey (USGS) collaborated with
the University of Florida and the Florida Geological Sur-
vey to conduct the Gulf of Mexico and Southeast Tidal
Wetlands Project, which used satellite imagery to evaluate
changes in Big Bend marshes (Raabe and Stumpf 1997).
Temporal variation in water level, vegetation land cover,
and the normalized difference vegetation index (NDVI)
were assessed using a time series of satellite images and
classified by observed types of disturbance (fire, drought,
flooding, storm surge). Several SETs were used to moni-
tor marsh height and rates of sedimentation (Ladner et
al. 2001, Cahoon et al. 2002, 2003). Thermal infrared
mapping enabled the identification of coastal seeps and
springs (Raabe et al. 2011), and terrain was mapped us-
ing an airborne laser swath mapping system (Raabe et
al. 2008). Nineteenth-century topographic sheets were
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used to compare historical and modern features along
the coastline (Raabe et al. 2004). The study found that
salt marsh has been migrating landward along much of
the Big Bend, overtaking upland habitat. Meanwhile, the
edge of the marsh has been lost to open water at a rate of
1.2 m (3.9 ft) per year (Raabe and Stumpf 2016).

Water Resource Inventory and Assessment for
the Lower Suwannee National Wildlife Refuge

The Water Resource Inventory and Assessment for
Lower Suwannee National Wildlife Refuge summarizes
information on water resources, provides an assessment
of water resource needs and issues of concern, and makes
recommendations for addressing the identified needs and
concerns (Thom et al. 2015). Major topics addressed in-
clude the natural setting of the refuge (topography, cli-
mate, geology, soils, hydrology), impacts of development
and climate change, significant water resources and asso-
ciated infrastructure within the refuge, past and present
water-monitoring activities on and near the refuge, water
quality and quantity information, and the State’s regula-
tory framework for water use. The greatest concerns iden-
tified by the Water Resource Inventory and Assessment are
decreased flows and increased nutrient concentrations in
both surface water and groundwater (Thom et al. 2015).

SWFWMD tidal river monitoring

Coastal wetland characterizations of riverbanks were
conducted from 1997 to 2002 to support SWFWMD’s
development of guidelines for minimum flows and wa-
ter levels. With coastal vegetation limited by salinity, tid-
al amplitude, and soil moisture, studies such as that by
Clewell et al. (2002) have sought to define relationships
between salinity regimes and the distribution of wetlands
in tidal rivers. Data collection methods used included
identification of plant community distribution from ae-
rial imagery, shoreline surveys, and vegetation quadrats
for identification of species composition and abundance.

FWC coastal wetland monitoring

The Florida Fish and Wildlife Conservation Commis-
sion’s Fish and Wildlife Research Institute recently estab-
lished coastal wetland transects for long-term vegetation
monitoring following the methods of Tampa Bay’s Criti-
cal Coastal Habitat Assessment (Radabaugh et al. 2017).
This monitoring is designed to assess the status and
trends of different vegetation strata of coastal wetlands,
from the water’s edge to upland forest. Repeat monitoring

is intended to occur every 3—5 years to evaluate changes in
vegetation extent, abiotic characteristics such as soil or-
ganic content and pore-water salinity, and inland migra-
tion of vegetation over time as a result of sea-level rise or
climate change. Two long-term monitoring transects were
established near the Homosassa and Weeki Wachee rivers
in the fall of 2020.

Monitoring loss of upland forest

Recent studies have focused on the mortality and
thinning of upland forests and the increasing prevalence
of salt-tolerant vegetation near coastal rivers and tid-
al creeks in the Big Bend. Langston et al. (2017) studied
pockets of cabbage palm and red cedar growing on ele-
vated limestone forest islands surrounded by salt marsh.
The study documented a decline in cabbage palm and red
cedar trees and increase in salt marsh vegetation on for-
est islands with more frequent tidal flooding. McCarthy
et al. (2018) documented loss of upland forests near the
Chassahowitzka River by identifying areas of decline in
NDVI, and concluded that tree loss was attributable to
both saltwater intrusion and a cold snap exceeding the
cold tolerance of cabbage palms. The loss of these coast-
al islands along the Big Bend has caused habitat loss for
dependent species such as the American Oystercatcher
(Haematopus palliatus; Vitale et al. 2020).

Water management district mapping

The three water management districts in this region
(NWEWMD, SRWMD, and SWEFWMD) conduct period-
ic land-use/land-cover (LULC) mapping every 1-4 years
(Figure 3.1). The features delineated in LULC maps are
categorized into saltwater marsh or mangrove swamp
classifications according to the Florida Land Use and
Cover Classification System (FLUCCS) (FDOT 1999).
Some of the variability between sampling years (Figure
3.3, Table 3.1) is likely due to refinement of sampling
methods and variation in resolution of aerial photogra-
phy. SRWMD did create LULC maps in 1988, but they are
not included in Figure 3.3 because different methods and
classification systems were used. The most recently pub-
lished LULC maps available at the time of chapter publi-
cation are shown in Figure 3.1.

Sea Level Affecting Marshes Model

The Sea Level Affecting Marshes Model (SLAMM)
developed by The Nature Conservancy modeled the spa-
tial extent of coastal ecosystems as a function of current
extent, rates of accretion, and multiple rates of sea-level
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rise (Geselbracht et al. 2011, 2015, Warren Pinnacle 2011).
The model predicted a continued loss of coastal forest,
tidal swamp, inland freshwater marsh, and tidal freshwa-
ter marsh with a concurrent increase in tidal flats, beaches,
brackish marsh, and salt marsh (Geselbracht et al. 2015).

National Wetlands Inventory mapping

A note of caution should be made regarding the Na-
tional Wetlands Inventory (NWI) mapping and all uses of
NWI maps for mapping, analysis, and models in this re-
gion. The boundary between salt marshes and upland for-
est communities in the Big Bend and Springs Coast region
is frequently classified as the Cowardin et al. (1979) cate-
gory of E2FO3 (estuarine intertidal forested broad-leaved
evergreen wetland) or E2SS3 (estuarine intertidal scrub—
shrub broad-leaved evergreen) (NWI 2020), categories of-
ten interpreted by users as mangrove. While in much of
Florida these categories are indeed used to identify man-
grove swamps, in the Big Bend and Springs Coast Region
fully formed mangrove swamps do not appear along the
landward boundary of the salt marsh. The vegetation
composition of this boundary, commonly referred to as
a transition, includes salt-tolerant scrub and marsh, cab-
bage palms, pine, wetland forested mix, and mixed scrub/
shrub wetland (Williams et al. 1999, Raabe et al. 2004, SR -
WMD 2011). The erroneous interpretation of a marsh-to-
forest transition zones as mangrove produces misleading
results in subsequent applications (e.g. SLAMM models),
where expansion of intertidal habitat into coastal forest is
interpreted as expansion of mangroves (Warren Pinnacle
2011, Geselbracht et al. 2015). This type of error propaga-
tion must be searched for and corrected.

Recommendations for protection,
management, and monitoring

e Mangroves continue to expand their range and en-
croach upon salt marsh habitat in the Big Bend and
Springs Coast region. This expansion and proliferation
may start as individual trees or a mangrove fringe along
salt marsh, yet current land classification schemes have
categories for either mangrove swamp or salt marsh
and do not distinguish ecosystems that may include a
mixture of the two vegetation types (FDOT 1999). This
gap necessitates monitoring with the use of presence/
absence techniques or biomass change rather than tra-
ditional vegetation classification categories to accurate-
ly track mangroves in this region.

o The rate of landward migration of salt marshes often
compensates for the rate of loss and erosion along the

shore (Raabe and Stumpf 2016). Land purchases for
conservation should be aimed at linking habitats and
providing room for landward migration, requiring co-
ordination between state, federal, and local conserva-
tion managers.

e Protection and management of coastal wetlands must
incorporate watershed and groundwater management,
including the monitoring of water quantity and qual-
ity. Sufficient freshwater flow is necessary to maintain
salinity gradients along the coast and to moderate salt-
water inundation. Although the ultimate impacts of
eutrophication on salt marsh vegetation are difficult to
predict (Kirwan and Megonigal 2013), efforts to reduce
nutrients are recommended to prevent ecosystem-level
alterations to the stability and biomass allocation of
salt marsh plants.

e Prevent the introduction and spread of invasive species
through active monitoring, early detection, and remov-
al of exotic vegetation.

e Due to the large area and relatively wild status of the
region, monitoring based upon vegetation and wetness
indices derived from remote sensing data such as the
Landsat Thematic Mapper may be more efficient than
traditional land-cover classifications. This process elim-
inates errors associated with classification and enables
rapid identification of regions with unusual changes
that can be further investigated with high-resolution
data. The use of high-resolution digital elevation model
maps derived from light detection and ranging (LiDAR)
data may also be useful when assessing impacts or pre-
dicting responses to vegetation changes associated with
sea-level rise.
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