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Description of the region
The region between Tampa Bay and the Panhandle 

barrier island system is a marsh-dominated coast com-
monly referred to as the Big Bend of Florida. At the 
State level and in this chapter, the region is split in two; 
the northern counties from Wakulla to Levy County are 
called the Big Bend, and the southern counties from Cit-
rus County to Pasco County are called the Springs Coast 
(Figure 3.1). This extensive region is divided between 
three water management districts (Figure 3.2): Northwest 
Florida, Suwannee River, and Southwest Florida (NWF-
WMD, SRWMD, and SWFWMD, respectively). The gen-
tle topography, low wave energy, and broad, shallow Flor-
ida Shelf provide ideal conditions for the extensive salt 
marshes along the Big Bend and Springs Coast (Rupert 
and Arthur 1997, FDEP 2014). 

Temperature, elevation, salinity, and tidal inunda-
tion influence coastal wetland vegetation (Coultas and 
Hsieh 1997). Broad swaths of Juncus roemerianus (black 
needlerush) marsh dominate in this region, which is char-
acterized by low wave energy, a semi-diurnal 3.2-ft (1 
m) tidal range, and freshwater input from the Floridan 
aquifer (Stout 1984, Wolfe 1990, Clewell et al. 2002). J. ro-
emerianus does not tolerate inundation as well as Spartina 
alterniflora (smooth cordgrass), which occurs in the low 
marsh and is present mainly in borders 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 

marshes, dominated by Cladium jamaicense (saw-grass), 
Typha spp. (cattails), and forested wetlands (Clewell et al. 
2002, Light et al. 2002).

As elevation increases on the landward edge of the 
marsh or in isolated pockets, the vegetation transitions 
through halophytic marsh and scrub into hammock com-
munities dominated by Sabal palmetto (cabbage palm), 
Juniperus silicicola (southern red cedar), and Quercus 
virginiana (live oak) (Williams et al. 1999). Elevated is-
lands 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 in-
clude tidal creeks and some natural levees created by sand 
and sediments deposited during high tides and storms 
(Leonard et al. 1995, Wright et al. 2005). Salt barrens are 
common 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). Extensive seagrass beds are found seaward of the 
salt marshes, interspersed with unvegetated intertidal 
flats (Mattson et al. 2007). Oyster reefs are found near riv-
er mouths, tidal creeks, and offshore, depending on fresh-
water inputs and tidal fluctuations (Seavey et al. 2011).

Mangroves can be found as a fringe along the coast-
al mainland and barrier islands, particularly at Cedar 
Key (Figure 3.3), in the Ozello archipelago, and in Pasco 
County. Freezing temperatures limit the northern range 
of mangroves, although Avicennia germinans (black 
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Figure 3.1. Salt marsh and mangrove extent in the Big Bend and Springs Coast region. Data source: NWFWMD 
2009–2010, SRWMD 2010–2011, and SWFWMD 2011 land use/land cover data, based on FLUCCS classifica tions 
(FDOT 1999, NWFWMD 2010, SRWMD 2011, SWFWMD 2011). 
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mangrove) has been able to expand northward due to re-
duced frequency of extreme cold events (Lugo and Pat-
terson-Zucca 1977, Kangas and Lugo 1990, Stevens et 
al. 2006, Cavanaugh et al. 2014). This expansion in man-
grove swamps, often at the expense of salt marsh habitat, 
is clearly visible in land classification data from SRWMD 
and SWFWMD (Figure 3.4).

Local geology and hydrology
The underlying limestone shelf is found close to the 

land surface along the Big Bend and Springs Coast (Ru-
pert and Arthur 1997), resulting in a relatively stable 
shoreline compared to other regions in Florida (Raabe 
et al. 2004). The karst limestone is occasionally exposed 
on land and along stream beds (Wolfe 1990, FDEP 2014). 
The coastline in this region has limited free sediment, but 
this sediment is maintained within the system due to the 
low-energy environment (Rupert and Arthur 1997) and 
redistribution 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 estuary, since it is not 
partly enclosed by land (Wolfe 1990). However, it is 
bounded by a broad, shallow limestone shelf that suffi-
ciently dampens wave energy, resulting in a low-energy 
estuarine environment (Rupert and Arthur 1997). Year-
round the coastal waters are typically less saline than 
seawater due to freshwater inputs (Orlando et al. 1993). 
The Floridan aquifer lies close to the surface here, and 
freshwater springs contribute to several spring-fed rivers 
and directly to the marsh and coastal waters (Coultas and 
Hsieh 1997, Raabe et al. 2011). Flow from the springs is 
fairly consistent compared with that of surface streams, 
since groundwater responds more slowly to changes in 
rainfall (Wolfe 1990). The spring water is very clear, and 
the temperature is consistent year-round. The mean water 
temperature is approximately 22.2 °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 has remained less developed than 
the rest of Florida. Often referred to as the nature coast 
of Florida, it has been classified as one of the least pollut-
ed coastlines in the continental United States (Livingston 
1990). The Suwannee River lacks the impoundments and 
diversions commonly found in developed regions, making 
it one of the least impacted river systems in the United 
States (Katz and Raabe 2005, Thom et al. 2015). 

Population in the Springs Coast, however, is increas-
ing (U.S. Census 2015). In places like Hernando Beach, 
coastal wetland habitat has been dredged and filled in 
the 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 2014). Other economically 
important industries in the region include pit mining for 
limerock, cattle ranging, hog ranging, fishing, and shell-
fish harvesting (Wolfe 1990, FWC 2004, FDEP 2014). 

A large array of protected lands and coastal waters are 
found along the Springs Coast and Big Bend. Aquatic pre-
serves include the extensive Big Bend Seagrasses Aquatic 
Preserve, which covers nearly 1 million acres (404,700 ha), 
along with the smaller Alligator Harbor and St. Martins 
Marsh Aquatic Preserves (FDEP 2014). The region includes 
five national wildlife refuges (NWRs): St. Marks, Lower 

Figure 3.2. Water management districts within the 
Big Bend and Springs Coast Region (outlined in red) 
include parts of the Northwest Florida, Suwannee River, 
and Southwest Florida water management districts 
(NWFWMD, SRWMD, and SWFWMD).
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Figure 3.3. Extent of salt marshes and mangroves around Cedar Key. Data source: SRWMD 2010–2011 land use/
land cover data, based on FLUCCS classifications (FDOT 1999, SRWMD 2011).
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Suwanee, Cedar Keys, Crystal River, and Chassahowitz-
ka, totaling more than 155,000 acres (62,700 ha). In addi-
tion to public land owned by water management districts, 
State-managed lands along the coast include Econfina Riv-
er State Park, Big Bend Wildlife Management Area, Wacca-
sassa Bay Preserve State Park, Crystal River Preserve State 
Park, the Marjorie Harris Carr Cross Florida Greenway, 
Werner-Boyce Salt Springs State Park, Withlacoochee Gulf 
Preserve, and Cedar Key Scrub State Reserve. 

Threats to coastal wetlands
•	Climate change and sea-level rise: Sea-level rise will 

impact coastal wetlands in this region through greater 
inland inundation and heightened wave erosion. At Ce-
dar Key, sea level rose an average of 0.077 in. (1.97 mm) 
per year from 1914–2015 (NOAA 2016). The Big Bend 
and Springs Coast is particularly susceptible to flood-
ing by storm surge and sea-level rise due to the gentle 
slope of the topography. In regions with just 5 ft of ele-
vation gain over 3 mi (~1.5 m over 5 km), 2 in. (5 cm) of 
increased sea level can affect land 500 ft (150 m) inland, 
with drastic impacts on coastal forests adjoining the 
tidal marsh system (Stumpf and Haines 1998). 

•	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 wa-
ter 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 habitat (FDEP 2014). Roads through low-ly-
ing lands can function as levees, decreasing hydrologic 
connectivity of the wetlands, fragmenting habitats, and 
obstructing 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 results in lower groundwater levels and 
decreases spring discharge (SWFWMD 2001); Seven 
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, that rate increased rapidly from 
1975 to 2000 (Marella 2014). Flow in the Suwannee 
River has also decreased due to withdrawal upstream; 
since monitoring began in 1931, the four lowest average 

Figure 3.4. Recent acreages of salt marshes and 
mangrove swamps in the Big Bend and Springs Coast 
region, by water management district (FDOT 1999, 
NWFWMD 2010, SRWMD 2011, SWFWMD 2011).
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annual flows in the Suwannee River have all occurred 
since 2000 (USGS 2013, Thom et al. 2015). Addition-
ally, the drinking-water supply in Cedar Key was con-
taminated by saltwater intrusion during a drought in 
2012 (Smith 2012). Alterations 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). Fertilizers, atmospheric deposition, septic tanks, 
and manure contribute nitrogen to surface water and 
seeps into groundwater, which later comes to the surface 
at springs (Katz et al. 1999, Harrington et al. 2010). Ni-
trate levels are particularly high during periods of low 
flow (Pittman et al. 1997, Katz et al. 1999, FDEP 2003). 
Nitrate levels in spring boils along the Springs Coast 
range from 0.185 to 0.575 mg/L, frequently exceeding 
the Florida Department 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 contributors of nitrogen to these springs 
are inorganic fertilizer, most likely from lawn and golf 
course application, and septic tanks (Harrington et al. 
2010). Wastewater discharged via land application and 
retained in percolation ponds may also contribute nu-
trients to groundwater (Harrington et al. 2010). Surface 
water naturally percolates down to the aquifer, but this 
process is accelerated by drainage wells and sink holes 
(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. Nitrogen concentrations 
from the Chassahowitzka River and other nearby 
springs are already 50 times that found in pristine con-
ditions (Dixon and Estevez 1998). This region has also 
experienced marked salt marsh loss and shoreline ero-
sion (Raabe et al. 2004). Interactions among the many 
related factors and the tendency of tidal marsh ecosys-
tems to resist disturbances up to a threshold make it 
difficult to predict the impacts of increasing nutrients 
in coastal wetland environments (Kirwan and Mego-
nigal 2013). 

•	Mangrove encroachment: Several hard freezes in the 
1980s killed A. germinans along Cedar Key and the 
Springs Coast. Salt marshes, primarily S. alterniflora 

(Clewell et al. 2002), recolonized the area after the freez-
es, yet subsequent mild winters allowed A. germinans 
to reclaim the area and expand northward. Mangroves 
at the northern end of their range tend to establish on 
the Gulf edge of salt marshes, often on islands (Figure 
3.3). As the mangroves increase in size and canopy cov-
erage, they shade and eventually replace marsh vegeta-
tion (Stevens et al. 2006, Cavanaugh et al. 2014).

•	Erosion: Despite the relative stability afforded by the 
shallow limestone shelf, the shoreline along the Big 
Bend has been eroding at 3.9 ft (1.2 m) per year over the 
past 120 years (Raabe et al. 2004, Raabe and Stumpf 
2015). Mapping efforts comparing historical and mod-
ern shorelines show both the loss and gain of marsh 
habitat along the Big Bend. In several locations, includ-
ing those just north of Weeki Wachee and just east of 
Cedar Key, salt marshes have been disproportionate-
ly replaced by unvegetated mud flats or open water 
(Raabe et al. 2004). Landward movement of salt marsh-
es has compensated for this loss of salt marsh habitat, 
but at the expense of upland forest communities that 
cannot tolerate increased salinity (Kurz and Wagner 
1957, Williams et al. 1999, Raabe et al. 2004, Raabe and 
Stumpf 2015). This inland migration of the marsh has 
been documented at 2–3 times the rate of loss to water 
(Raabe and Stumpf 2015).

•	 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 500 nonna-
tive plant species have been documented in Florida (FWC 
2014), and more than 60 nonnative invasive plant species 
have been identified in the Big Bend Aquatic Preserve 
alone, including Eichornia crassipes (water hyacinth), 
Schinus terebinthifolius (Brazilian pepper), and Casua-
rina spp. (Australian pine) (FDEP 2014). Increased nutri-
ent levels may also make freshwater Cladium jamaicense 
(sawgrass) marshes vulnerable to invasion by native Ty-
pha spp. (cattails) in a manner similar to that in South 
Florida marshes (Newman et al. 1998). 

•	 Industrial pollutants: Prior to 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 5,700 acres (2,300 
ha) of seagrass beds were lost off the coast of the Fen-
holloway River (Mattson et al. 2007). Water quality 
in the river has somewhat improved in recent decades. 
The river was upgraded to a Class III body of water in 
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1998 (FDEP 2012), indicating it is now a water body 
with limited recreation, fish consumption, and aquat-
ic life due to human impacts.

Mapping and monitoring efforts

Coastal wetland elevation monitoring 
The U.S. Fish and Wildlife Service Southeast Region 

Inventory and Monitoring Network is conducting coastal 
wetland elevation monitoring in 18 national wildlife refug-
es in the southeastern United States. This monitoring effort 
collects data on surface elevation, accretion, pore-water 
salinity, and vegetation at permanent monitoring sites in 
selected priority wetland habitats. The objectives of this 
monitoring program are to observe impacts of sea-level 
rise in priority habitats, monitor rates of change in wet-
land elevation, and forecast longevity of these habitats in 
refuges within the South Atlantic Landscape Conservation 
Cooperative (SALCC). Elevation is measured using the rod 
surface elevation table method, which uses a permanent 
subsurface benchmark to monitor sediment height and 
calculate vertical changes in wetland surface (Cahoon et 
al. 2002, Cahoon and Lynch 2003). Monitoring locations 
along the Big Bend include a J. roemerianus salt marsh 
north of the Suwannee River in Lower Suwannee Na-
tional Wildlife Refuge, a Cladium jamaicense (sawgrass) 
oligohaline marsh south of the river in Lower Suwan-
nee NWR, and a J. roemerianus salt marsh in St. Marks 
NWR. Baseline data from this vegetation monitoring are 
available (Boyle et al. 2015). The Southeast Region Inven-
tory and Monitoring Network is partnering with the U.S. 
Geological Survey (USGS), The Nature Conservancy, the 
National Park Service (NPS), SALCC, the National Estua-
rine Research Reserve System (NERRS), and the National 
Geodetic Survey to accomplish many aspects of this proj-
ect. The data are being used in conjunction with similar 
data collected at permanent monitoring sites maintained 
by the NPS, NERRS, and USGS to better examine land-
scape-scale changes resulting from sea-level rise.

Gulf of Mexico and Southeast  
Tidal Wetlands Project

The USGS partnered with the University of Florida 
and the Florida Geological Survey 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 surface elevation tables were used to mon-
itor marsh height and rates of sedimentation (Ladner et 
al. 2001, Cahoon et al. 2002, Cahoon and Lynch 2003). 
Thermal infrared mapping enabled the identification of 
coastal seeps and springs (Raabe et al. 2011), and terrain 
was mapped using an airborne laser swath mapping sys-
tem (Raabe et al. 2008). Nineteenth-century topographic 
sheets were used to compare historical and modern fea-
tures 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. Mean-
while, the edge of the marsh has been lost to open water 
at a rate of 3.9 ft (1.2 m) per year, and even more rapidly 
at several locations (Raabe and Stumpf 2015). 

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

The Water Resource Inventory and Assessment for 
Lower Suwannee National Wildlife Refuge summariz-
es information on water resources, provides an assess-
ment 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 include the natural setting of the refuge (to-
pography, climate, geology, soils, hydrology), impacts 
of development and climate change, significant water 
resources and associated infrastructure within the ref-
uge, past and current water monitoring activities on 
and near the refuge, water quality and quantity infor-
mation, and the State’s regulatory framework for wa-
ter use. The greatest concerns identified by the Water 
Resource Inventory and Assessment are decreased flows 
and increased nutrient concentrations in both surface 
and groundwater. 

SWFWMD Tidal Rivers monitoring
Coastal wetland characterizations of riverbanks were 

conducted from 1997 to 2002 to support SWFWMD de-
velopment of guidelines for minimum flows and water 
levels. With coastal vegetation being limited by salinity, 
tidal 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. 
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Water management district mapping
The three water management districts in this region 

(NWFWMD, SRWMD, and SWFWMD) conduct periodic 
land use/land cover (LULC) mapping at regular intervals in 
their jurisdictions (Figure 3.2). The features delineated in 
LULC maps are categorized into saltwater marsh or man-
grove swamp classifications according to the Florida Land 
Use and Cover Classification System (FLUCCS) (FDOT 
1999). Some of the variability between sampling years (Fig-
ure 3.4, Table 3.1) is likely due to refinement of sampling 
methods and variation in resolution of aerial photography. 

•	NWFWMD LULC data sets are based on aerial or-
thoimagery and published at 1:24,000 (1 in. = 2000 ft) 
scale. The data files were created by FDEP’s Bureau of 
Watershed Restoration (NWFWMD 2010). 

•	 SRWMD LULC data sets are also based on aerial or-
thoimagery. Data scales and agencies that conducted 

photointerpretation vary among years; the most recent 
LULC data were created by FDEP’s Bureau of Water-
shed Restoration. Land cover data are also available 
from 1988 but different methods and classifications 
were used, therefore the 1988 data are not provided for 
comparison here (SRWMD 2011). 

•	 Each iterative LULC map product created by SWFW-
MD is an update to the previous map. Features in 1-foot 
color infrared imagery are photo-interpreted at a scale 
of 1:8,000. After the review of newly acquired imagery 
source data, updates and changes to map line work are 
conducted using on-screen digitizing techniques, at a 
scale of 1:6,000. SWFWMD’s LULC mapping standards 
require wetland features to be at least 0.5 acre (0.2 ha) in 
area to be classified in the map (SWFWMD 2011). 

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 
region. The boundary between salt marshes and upland 
forest communities in the Big Bend and Springs Coast is 
frequently classified as the Cowardin et al.’s 1987 classi-
fications of E2FO3 (estuarine intertidal forested broad-
leaved evergreen wetland) or E2SS3 (estuarine intertidal 
scrub-shrub broad-leaved evergreen) (NWI 2014), catego-
ries often interpreted by users as mangrove. In much of 
Florida these categories are indeed used to identify man-
grove swamps, but in the Big Bend mangrove swamps do 
not appear along the landward salt marsh boundary. The 
vegetation composition of this boundary, commonly re-
ferred to as a transition, includes salt-tolerant scrub and 
marsh, cabbage palms, pine, wetland forested mix, and 
mixed scrub/shrub wetland (Williams et al. 1999, Raabe 
et al. 2004, SRWMD 2011). The erroneous interpretation 
of a marsh-to-forest transition zone as mangrove pro-
duces misleading results in subsequent applications (e.g. 
SLAMM models), where expansion of intertidal habitat 
into coastal forest is interpreted as expansion of man-
groves (Warren Pinnacle 2011). This type of error propa-
gation must be searched for and remedied. 

Recommendations for protection, 
management, and monitoring

•	Mangroves continue to expand their range and en-
croach upon salt marsh habitat in the Big Bend and 
Springs Coast. This expansion and proliferation may 
start as individual trees surrounded by salt marsh, yet 
current land classification techniques are generally 

District/Year Salt marsh Mangrove

NWFWMD

1994–1995 20,946 0

2004 20,410 0

2006–2007 20,619 0

2009–2010 20,455 0

SRWMD

1994–1995 67,104 19

2004 63,357 101

2006–2008 65,772 103

2010–2011 64,672 110

SWFWMD 

1990 54,871 435

1994 54,090 418

1999 54,097 596

2004 54,135 600

2005 54,116 604

2006 54,109 604

2007 54,092 604

2008 53,749 1,035

2009 52,815 1,035

2010 52,620 1,034

2011 52,442 1,033

Table 3.1. Recent acreages of salt marshes and 
mangrove swamps in water management districts in 
the Big Bend and Springs Coast region (FDOT 1999, 
NWFWMD 2010, SRWMD 2011, SWFWMD 2011).
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based on predominant vegetation types rather than 
individual plants. This gap necessitates monitoring 
with the use of presence/absence techniques or biomass 
change rather than traditional vegetation classification 
categories to accurately track mangroves in this region.

•	The rate of landward migration compensates for the 
rate of loss and erosion along the shore (Raabe and 
Stumpf 2015). Land purchases for conservation should 
be aimed at linking habitats and providing room for 
landward migration, requiring coordination between 
state, federal, and local conservation managers. 

•	 Protection and management of coastal wetlands must 
incorporate watershed and groundwater management, 
including the monitoring of water quantity and quality. 
Sufficient freshwater flow is necessary to maintain sa-
linity gradients along the coast and moderate saltwater 
inundation. Although the ultimate impacts of eutro-
phication on coastal wetland 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 
emergent estuarine vegetation.

•	 Preventing the introduction and spread of invasive spe-
cies requires active monitoring and the early detection 
and removal of present exotic vegetation. 

•	Due to the large area and relatively wild status of the 
region, monitoring based upon vegetation and wetness 
indices derived from Landsat Thematic Mapper data 
may be more efficient than traditional land cover classi-
fications. This process eliminates errors associated with 
classification and enables rapid identification of regions 
with unusual changes that can then be further investi-
gated with high-resolution data. The use of high-res-
olution Digital Elevation Model maps derived from 
LiDAR data may also be useful when assessing current 
impacts or predicting responses to vegetation changes 
associated with sea-level rise. 
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