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Description of the Region
Palm Beach and Broward counties (Figures 11.1 and 

11.2) are Florida’s second and third most populous coun-
ties, respectively, behind Miami-Dade County. The esti-
mated 2015 population between the two counties exceeded 
3.3 million (U.S. Census 2015). While dense urban devel-
opment borders the limestone Atlantic Coastal Ridge and 
the sandy beaches along the coast, the western portions 
of the counties are dominated by wildlife management 
and water conservation areas. Palm Beach County also 
includes the Arthur R. Marshall Loxahatchee National 
Wildlife Refuge and a portion of the Everglades Agricul-
tural Area. This region receives the highest amount of 
rainfall in Florida, averaging more than 4.9 ft (150 cm) 
per year (USFWS 1999a, FDEP 2012). 

The underlying Biscayne Aquifer, which extends 
from Monroe County to southern Palm Beach County, 
supplies water for the Florida Keys and for Broward and 
Miami-Dade counties (Fish and Stewart 1991, USFWS 
1999a). The aquifer reaches a thickness of over 200 ft (61 
m) near the coast and progressively thins toward the center 
of the state (Fish and Stewart 1991, FDEP 2006). Saltwater 
intrusion into groundwater, particularly during periods of 
little rainfall, is increasingly problematic due to urban and 
agricultural demand for freshwater, drastically altered sur-
face flow, and sea-level rise (FDEP 2006, SFWMD 2013). 

Prior to human development much of the mainland 
coastal region was dominated by Cladium jamaicense 
(sawgrass) and other freshwater plants (USFWS 1999b, 

CERP 2005, FDEP 2006).The construction of the In-
tracoastal Waterway in 1912 and the dredging of inlets 
through the barrier islands altered hydrology and led to 
a brackish nearshore environment, killing freshwater spe-
cies (FDEP 2006). The hydrology of the region was sig-
nificantly altered when the U.S. Army Corps of Engineers 
constructed drainage canals connecting Lake Okeechobee 
to the Atlantic Ocean as part of the Central and Southern 
Florida Project in the 1950s and 1960s. Mosquito ditches 
and impoundments also altered local hydrology, although 
in many regions these ditches have since been filled and 
more natural topography and hydrology has been re-
stored (FDEP 2012, LWLI 2013).

Palm Beach and Broward counties have lost the majori-
ty of their coastal wetlands to extensive urban development 
(Figures 11.1 and 11.2). Approximately 87% of mangroves 
were removed between 1940 and 1975 due to widespread 
construction during this period (Harris et al. 1983). South 
Florida Water Management District (SFWMD) mapping 
shows an increase in mangrove extent in recent decades 
(Figure 11.3, Table 11.1). The Palm Beach County De-
partment of Environmental Resources Management (PB-
CERM) restoration efforts have expanded mangrove hab-
itat in Palm Beach County by removing exotic vegetation 
and planting native species (Table 11.2). At the same time, 
the extent of remaining salt marsh has declined slightly 
(Figure 11.3). The decline in salt marsh extent is linked to 
loss of habitat and mangrove encroachment due to mild 
winters (Saintilan et al. 2014). When mangrove growth is 
not restricted by cold temperatures, mangroves can shade 
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Figure 11.1. Salt marsh and mangrove extent in Palm Beach County. Data source: SFWMD 2008–2009 land use/
land cover data, based upon FLUCCS classifications (FDOT 1999, SFWMD 2009a).
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Figure 11.2. Salt marsh and mangrove extent in Broward County. Data source: SFWMD 2008–2009 land use/land 
cover data, based upon FLUCCS classifications (FDOT 1999, SFWMD 2009a).
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and eventually replace salt marsh vegetation (Stevens et al. 
2006). Studies of the salt marsh species Spartina alterni-
flora (smooth cordgrass) also suggest that nutrient enrich-
ment in developed coastal systems may be a driver for salt 
marsh loss (Deegan et al. 2012), although coastal wetland 
responses to eutrophication are widely variable (Kirwan 
and Megonigal 2013).

Loxahatchee River 
The Loxahatchee River crosses through Martin and 

Palm Beach counties before it reaches the Atlantic Ocean 
at the Jupiter Inlet (the downstream portion of the riv-
er is visible in Figure 11.1). The Northwest Fork of the 
Loxahatchee River (Figure 11.4) is composed of sub-
tropical cypress swamp, mesic and hydric hammocks, 
and mixed hardwood forest. In 1985, it was designated 
Florida’s first National Wild and Scenic River (SFWMD 
2006). This swamp contains Taxodium distichum (bald 
cypress) trees that are at least 300 years old and is one of 
the last remaining bald cypress swamps in Southeast Flor-
ida. The Loxahatchee River is also Southeast Florida’s 
last free-flowing river system (SFWMD 2006). Addition-
ally, the tidal floodplains and estuary with its seagrasses, 
mangroves, and oyster beds are valuable ecological re-
sources in the Loxahatchee River watershed. Mangroves 
are found fringing natural shorelines of the Loxahatchee 
River estuary, occasionally expanding landward as a full 
mangrove forest (SFWMD 2006). Rhizophora mangle 
(red mangrove) and Laguncularia racemosa (white man-
grove) are dominant, while Avicennia germinans (black 
mangrove) is found along the Intracoastal Waterway. 

Historically, the Jupiter Inlet opened and closed nat-
urally due to storms and river flow. Altered hydrology as 
a result of the construction of the Intracoastal Waterway 
and the Lake Worth Inlet caused it to frequently remain 
closed. In 1947, Jupiter Inlet was permanently opened 
through dredging operations and the construction of 
jetties and sand traps (SFWMD 2006). The Loxahatchee 
River watershed has been permanently altered by the sta-
bilization of the Jupiter Inlet, which heightens the effects 
of tidal amplitude and saltwater intrusion. The construc-
tion and operation of drainage canal systems also alters 
the natural pattern of freshwater flow and inundation of 
the floodplain. The increased surface water, soil salinity, 
and tidal inundation are major concerns for the survival 
of the remaining floodplain communities.

Lake Worth Lagoon
Lake Worth Lagoon (LWL) is a 22-mi-long (35 km), 

narrow estuary that extends along Palm Beach County 

Figure 11.3. Acreages of mangrove swamp and salt 
marsh in Palm Beach and Broward counties. Data 
source: SFWMD 2009a. 

Year Mangrove Salt marsh 

1995 1612 55

1999 1947 56

2004–2005 2015 28

2008–2009 2042 21

Table 11.1. Acreages of mangrove swamp (FLUCCS 
6120) and salt marsh (FLUCCS 6420) in Palm Beach 
and Broward counties. Data source: SFWMD 2009a.

Table 11.2. Mangrove and cordgrass acreage in the 
Lake Worth Lagoon (LWL) and Intracoastal Waterway 
(ICW) of Palm Beach County (PBC). Data source: PBC 
2008. No cordgrass data available in 1985 and 2001.

Habitat Region 1985 2001 2007 

Mangrove North ICW 231 243 266

North LWL 119 134 153

Central LWL 52 56 58

South LWL 76 73 73

South ICW 152 147 162

Total PBC 631 654 711

Cordgrass North ICW 0.00

(Spartina 
spp.) North LWL 0.00

Central LWL 1.35

South LWL 0.16

South ICW 0.00

Total PBC 1.51
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(Figure 11.1, detailed extent in Figure 11.5). Historical-
ly Lake Worth was a freshwater lake that received sheet 
flows of fresh surface water from the Everglades, but the 
construction of artificial inlets in the early 1900s caused the 
water to become brackish (USFWS 1999b, CERP 2005). 
More than 81% of the lagoon’s shoreline is lined by urban 
development (PBCERM 2008), but mangroves do occu-
py some shorelines of the northern lagoon, islands, and a 
few patchy regions around the southern end of the lagoon 
(Figure 11.5, USFWS 1999b). LWL receives considerable 
freshwater input from the Earman River, West Palm Beach 
Canal, and Boynton Canal (C-17, C-51, and C-16 canals, 
respectively) (Figure 11.1, SFWMD 2013). This freshwater 
input decreases salinity in LWL and increases sedimenta-
tion. SFWMD regulates freshwater discharges in attempts 
to limit high-volume outflows and maintain estuarine sa-
linities above 15 (SFWMD 2013).

Based upon 2007 habitat mapping (Table 11.2, PBC 
2008) and additional mapping of PBCERM restoration 
projects between 2007 and 2012, the LWL has approxi-

mately 3.17 acres (1.28 ha) of salt marsh habitat (Figure 
11.5). These patches of S. alterniflora salt marsh were cre-
ated as part of PBCERM restoration projects and are of-
ten planted alongside or mixed with mangrove seedlings. 
Although S. alterniflora tends to be outcompeted by man-
groves over time, it is an important pioneer species that 
will increase the chances for success of emergent vegeta-
tion (Lewis and Dunstan 1975, Crewz and Lewis 1991).

The North Palm Beach County portion of the Com-
prehensive Everglades Restoration Plan (CERP), now 
called the CERP Loxahatchee River Watershed Resto-
ration Project, seeks to reduce freshwater flow to LWL 
by diverting it to the Loxahatchee Slough and Grassy 
Waters Preserve. The project aims to moderate freshwa-
ter flow and improve hydroperiods to the region. Other 
CERP projects in this region included the construction 
of sediment traps along the West Palm Beach Canal and 
the addition of sand near Ibis Isle in LWL to provide suf-
ficient elevation for mangrove and salt marsh planting 
(SFWMD 2013). 

Figure 11.4. 1995 Floodplain vegetation along the upper Loxahatchee River (Martin County). Data source: 
Hedgepeth and Roberts 2009.
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Broward County West Lake Park 
Mangroves are present in a few parks and barrier is-

lands along the coast of Broward County, such as John U. 
Lloyd Beach State Park and Hugh Taylor Birch State Park 
(Figure 11.2). The largest mangrove habitat in the county 
is found at Broward County West Lake Park in Hollywood 
(USFWS 1999b). In the 1920s, the region surrounding the 
park was dredged and filled to prepare for development 
(MacAdam et al. 1998). The land was never developed and 
was later purchased for conservation in 1980. From 1985 
to 1996, a restoration effort removed exotic vegetation and 
decreased land elevation to encourage natural recruitment 
of mangroves (MacAdam et al. 1998). The region is now a 
1,400-acre (566 ha) coastal wetland and mangrove preserve 
that includes two salt marshes dominated by Borrichia ar-
borescens (seaside tansy) and B. frutescens (sea oxeye dai-
sy) (USFWS 1999b). 

Threats to coastal wetlands
•	Coastal development: Palm Beach and Broward coun-

ties have lost the vast majority of their coastal wetlands to 

urban development, primarily from coastal construction 
between 1940 and 1970 (Harris et al. 1983). The coastal 
wetlands that remain are found primarily on protected 
public lands and so are less susceptible to the direct threat 
of development, though indirect impacts (discussed be-
low) of a large human population impact these wetlands.

•	Hydrologic alterations: The region has already under-
gone a major shift from freshwater to estuarine wet-
lands due to the dredging of inlets through the barrier 
islands and the rerouting of surface water. While ex-
tending the inland range of the tides did increase the 
extent of estuarine wetlands in the area, salinity is high-
ly variable. Channelization led to the concentration of 
runoff while other regions were starved of freshwater, 
both of which hinder optimal salinity for estuarine wet-
lands (FDEP 2012, LWLI 2013). More localized hydro-
logic issues include stagnant water caused by remnant 
mosquito ditches, which are suboptimal for coastal 
wetlands because they lack complete tidal flushing 
(FDEP 2006, LWLI 2013).

•	Climate change and sea-level rise: Extensive urban de-
velopment along the shoreline restricts the extent of buf-

Figure 11.5. Emergent saltwater vegetation surrounding Lake Worth Lagoon, 2013. Data source: LWLI 2013. 
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Figure 11.6. Detail of 2007 mangrove extent along the Intracoastal Waterway of the 
northern and southern portion of Palm Beach County. Data Source: PBC 2008. 

fer zones and hinders landward migration. Sea-level rise 
threatens coastal habitats in this region as mangroves 
fringing seawalls or other hardened shorelines will likely 
be lost due to inundation. This region is also vulnera-
ble to inundation due to storm surge from hurricanes, 
which are exacerbated by higher sea levels (LWLI 2013). 

•	Water quality and pollution: Runoff from the dense 
urban development in this region is detrimental to 
local water quality. Pollutants in freshwater runoff, 
including fertilizers and pesticides, often flow directly 
into coastal wetlands and lagoons. There is also the 

potential for hazardous spills due to high boat traffic 
and shipping (FDEP 2012). 

•	 Invasive vegetation: Like much of coastal Florida, 
invasive vegetation such as Melaleuca quinquenervia 
(melaleuca), Schinus terebinthifolius (Brazilian pepper) 
and Casuarina spp. (Australian pines) compete with na-
tive vegetation for space and freshwater (FDEP 2012).

•	Erosion: Much of the mangrove habitat lines the Intra-
coastal Waterway; bank erosion from prop wash and 
wake from heavy boat traffic threatens these mangroves 
(FDEP 2012).
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Figure 11.7. 2012 Shoreline characteristics along Lake Worth Lagoon. Data source: LWLI 2013.

Mapping and monitoring efforts

Water management district mapping
SFWMD conducts fairly regular surveys of land use 

and land cover (LULC). Salt marsh and mangrove extent 
is available for the LULC years 1995, 1999, 2004–2005, and 
2008–2009 (see Table 11.1). Land cover classifications for 
2008–2009 were based on a SFWMD-modified FLUCCS 
classification system (FDOT 1999, SFWMD 2009b). Min-
imum mapping units were 5 acres (2 ha) for uplands and 2 
acres (0.8 ha) for wetlands. Maps were made by interpret-

ing county-based aerial photography updating 2004–2005 
vector data (SFWMD 2009a). 

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

Project used aerial photography to identify the extent 
of seagrass, mangrove, salt marsh, and oyster habitat in 
LWL and the Intracoastal Waterway in the northern and 
southern portions the county (PBC 2008). Aerotriangu-
lation, digital orthophotography, field work, photoint-
erpretation, and trend analyses were used to map these 
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coastal resources. Mangrove extent from this project for 
the Intracoastal Waterway in the northern and southern 
portions of Palm Beach County is shown in Figure 11.6; 
shoreline characteristics of LWL are shown in Figure 11.7. 
This effort updated older maps from 1985 and 2001–2003 
(PBC 2004). There has not been an update since 2007, 
although an extensive seagrass mapping effort was com-
pleted in 2013 for LWL, Lake Boca, and Jupiter Sound. A 
more recent mangrove assessment was completed as part 
of the Lake Worth Lagoon Management Plan in 2012 
(Figure 11.5); the extent of mangroves along the LWL was 
found to have increased 8% from 1985 to 2012 (LWLI 
2013). The increase in acreage of mangroves in LWL from 
2007 to 2013 was determined by mapping mangroves at 
PBCERM restoration sites; this calculation was added to 
total acreage (LWLI 2013). 

Loxahatchee River floodplain vegetation study
In 2003, SFWMD and the Florida Park Service estab-

lished four new vegetative belt transects and studied six 
transects from previous studies for a total of 138 vegeta-
tive plots in the Loxahatchee River floodplain (Hedgepeth 
and Roberts 2009, Kaplan et al. 2010). These data were 
collected in preparation for establishing the minimum 
flow and levels requirements for the Northwest Fork of 
the Loxahatchee River. Since then, canopy has been ex-
amined every six years and shrub and groundcover every 
three years. 

The study focused on the stability of floodplain plant 
communities. Due to inadequate hydroperiods, these 
floodplain plants were at risk of displacement by upland 
and transitional communities in the inland regions. In the 
tidal reaches, reduction in freshwater flow led to increased 
salinity, prompting the establishment of salt-tolerant spe-
cies such as mangroves (Hedgepeth and Roberts 2009, Ka-
plan et al. 2010). The study concluded that T. distichum 
should be the primary species of concern for restoration 
and enhancement in this riverine swamp, while Acer ru-
brum (red maple) and Carya aquatica (water hickory) 
should be the primary species of concern for bottomland 
hardwood communities and Sabal palmetto (cabbage 
palm) for hydric hammock (SFWMD 2006, Hedgepeth 
and Roberts 2009). Restoration of the Loxahatchee River 
focuses on reducing salinities to less than 2 in the upper 
tidal reaches and improving hydroperiods on the riverine 
floodplain, which should in turn improve habitat quality 
for freshwater seed production, germination, and even-
tually reforestation throughout the river system. Contin-
ued vegetation, surface water, and soil monitoring of the 
floodplain will be necessary to ensure that the hydrologic 

conditions necessary for the long-term health of these 
vegetative communities are maintained. SFWMD has 
ongoing monitoring for freshwater flow, water quality, 
vegetation, seagrasses, and various animals in the North 
Fork of the St. Lucie River and the Loxahatchee River 
Floodplain and Watershed (SFWMD 2006). The Resto-
ration Plan for the Northwest Fork of the Loxahatchee 
River (SFWMD 2006) chronicles these problems and pro-
vides ecological target species, performance measures, 
and monitoring requirements needed to track the success 
of restoration and guide future adaptive management and 
operational practices.

Recommendations for protection, 
management, and monitoring
•	Because the construction of inlets and the resulting in-

crease in tidal influence has caused expansion of man-
groves into regions previously occupied by freshwater 
vegetation, management practices will vary depending 
on whether the overall objective is to protect existing 
coastal wetlands (LWLI 2013) or remaining freshwater 
vegetation (SFWMD 2006). 

•	Restore connectivity between isolated habitats and 
develop a monitoring program to assess impacts of 
sea-level rise on coastal ecosystems. Install living shore-
lines such as mangroves or other native vegetation in 
place of bulkheads or other artificial shorelines. Land-
ward migration of mangroves and salt marshes should 
be facilitated with buffer zones adjacent to coastal wet-
lands habitats (SFRCC 2012). Further recommended re-
sponses to climate change are outlined in the Southeast 
Florida Regional Climate Change report (SFRCC 2012).

•	 Several regions, including parts of John U. Lloyd Beach 
State Park and Lantana Nature Preserve, were once 
ditched in an attempt to curb mosquito population 
growth (FDEP 2012, LWLI 2013). Although many 
ditches were filled in, water stagnates in remaining 
ditches and continued filling and restoration are recom-
mended (FDEP 2012, LWLI 2013). Mangroves in Hugh 
Taylor Birch State Park would also benefit from in-
creased circulation and tidal flushing, and spoil regions 
have been recommended for restoration to mangrove 
forest (FDEP 2006). 

•	 Invasive vegetation continues to be a major threat to 
Florida wetlands. Efforts should be made to control the 
introduction of exotic species and to educate landown-
ers about planting native species. Restoration efforts 
should continue to remove invasive vegetation that en-
croaches on salt marshes and mangroves. 
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•	Goals in the Lake Worth Lagoon Management Plan in-
clude reducing sediment load, nutrient input, and con-
taminant input into the lagoon. The Action Plan also 
specifically aims to restore, create, and protect man-
grove habitats (LWLI 2013). This result will be achieved 
through the education of landowners, installation of 
living shorelines, and collaboration with local partners 
and governmental agencies to complete habitat resto-
ration projects.

•	Goals in the John D. MacArthur Beach State Park 
Management Plan include the continued exotic vegeta-
tion removal, restoration of the beach dune community, 
updating plant and animal inventories, and improved 
mapping, monitoring, and management of designated 
species (FDEP 2005). 
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