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Description of the region

The Indian River Lagoon (IRL) system extends 156 mi
(250 km) along Florida’s east coast from the Ponce de Leon
Inlet in Volusia County to the Jupiter Inlet in Palm Beach
County. The large latitudinal extent of the IRL contrib-
utes to its high level of biodiversity, as the estuary strad-
dles temperate and tropical-subtropical climates (Swain
et al. 1995, FDEP 2015). The IRL system consists of a se-
ries of coastal lagoons (Mosquito Lagoon, Banana River
Lagoon, and Indian River Lagoon, Figure 12.1) bound-
ed by barrier islands, and the St. Lucie River Estuary at
the southern end (Figure 12.2). Watershed and resource
management in the region is split between the jurisdic-
tions of the St. Johns River Water Management District
(SJRWMD) and the South Florida Water Management
District (SFWMD) at the boundary of Indian River and
St. Lucie counties. There are also five Florida Department
of Environmental Protection (FDEP) Aquatic Preserves in
the IRL system: Mosquito Lagoon, Banana River, Indian
River—Malabar to Vero Beach, Indian River—Vero Beach
to Fort Pierce, and Jensen Beach to Jupiter Inlet.

Sandy barrier islands, dunes, and paleoshorelines run
parallel to the shoreline, and large shell middens from
indigenous people provide some local elevation (FDEP
2015). Historically, the region was in a state of natural flux
due to ephemeral inlets and seasonally variable freshwa-

ter runoff. Periodic tropical storms and hurricanes shifted
barrier islands and caused inlets to open, close, or migrate
(FDEP 2015). Humans have attempted to restrict and sta-
bilize this variability with the construction of seawalls,
dikes, canals, and fill. Constructed hydrologic alterations
include 16 causeways, the Atlantic Intracoastal Waterway,
many drainage canals, and five permanent inlets (Ponce,
Sebastian, Fort Pierce, St. Lucie, and Jupiter inlets). Ad-
ditionally, the Cape Canaveral Lock connects the Banana
River Lagoon with the Atlantic Ocean, and the C-44 ca-
nal connects the St. Lucie River with Lake Okeechobee.

Human population in the region grew rapidly from
the 1950s through the 1970s with the expansion of tour-
ism, the space industry, and agriculture (FDEP 2015).
From 2010 to 20135, the population of Volusia and Brevard
counties was projected to grow at a rate of about 4.6%.
Indian River, St. Lucie and Martin counties were project-
ed to grow 6.4-7.7% during the same period, approach-
ing the statewide average of 7.8% (U.S. Census 2015).

Coastal wetlands

Juncus roemerianus (black needlerush) and Spartina
alterniflora (smooth cordgrass) dominate the salt marsh-
es found in the northern IRL (Figure 12.1), while man-
groves and marsh succulents (Salicornia bigelovii, Sarco-
cornia ambigua, and Batis maritima) are more abundant
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Figure 12.1. Mangrove and salt marsh extent in the northern Indian River Lagoon. Data source: SJRWMD 2009

land use/land cover data, based upon FLUCCS classifications (FDOT 1999, SJRWMD 2009a).
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in the central and southern IRL (Figure 12.2, Lewis et al.
1985). Rhizophora mangle (red mangrove), Avicennia
germinans (black mangrove), and Laguncularia racemo-
sa (white mangrove) intermix rather than forming spe-
cies-specific elevation zones due to the microtidal nature
of much of the estuary (FDEP 2015). Conocarpus erectus
(buttonwood) is also found at higher elevations. R. man-
gle has become more abundant in the northern Mosqui-
to Lagoon as a result of the lack of recent cold events,
overtaking regions previously dominated by the more
cold-tolerant A. germinans (FDEP 2009a). The overall
area of mangrove forests in the region has also increased
significantly since the extensive cold event mortalities in
the 1960s—1980s (Cavanaugh et al. 2014, Giri and Long
2014). This increase in mangrove habitat correlates with
the reduced frequency of cold events with air tempera-
tures less than —4°C (Cavanaugh et al. 2014). Neighbor-
ing ecosystems include seagrass beds, blackwater streams,
and freshwater tidal wetlands that are predominantly low
salinity, yet are flooded at high tide.

In the 1950s through the 1970s, 75-90% of the salt
marshes and mangroves along the IRL were lost to devel-
opment (Figure 12.3), impounded, or ditched in attempts
to control the salt marsh mosquito population (Taylor
2012). These impoundments were generally created us-
ing dragline excavators. During this process, sediment
was removed from an adjacent parallel ditch and used to
create an impoundment, effectively isolating coastal wet-
lands from neighboring marshes and tidal flow. Dragline
ditches, networks of deep ditches and spoil piles, were
also used to combat mosquitoes. These ditches were open
to tidal flushing, but the higher elevation of the adjacent
spoil piles facilitated the establishment of invasive vege-
tation such as Schinus terebinthifolius (Brazilian pepper)
(Rey et al. 2012). This impoundment and ditching of salt
marshes and the accompanying hydrologic alteration
likely promoted mangroves at the expense of the histor-
ically abundant marsh succulents in many areas.

Recent efforts by SFEWMD, SJRWMD, and county
mosquito control districts to mitigate and restore im-
poundment hydrology include installing culverts through
the impoundments or removing impounded sections. Ro-
tational impoundment management is now used in much
of the region, allowing seasonal connection to the estuary
while continuing to control mosquito populations (Cle-
ments and Rogers 1964, Taylor 2012). In this process, the
wetlands are isolated and flooded via pumps during the
mosquito’s summer breeding season (approximately May
to October) and are left open to the estuary the remainder
of the year. This management option has been found to
improve water quality, plant diversity, and fish movement
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(Rey et al. 1990, Brockmeyer et al. 1997).

Approximately 80% of the impounded wetlands
have been reconnected either seasonally or permanently
(FDEP 2015). Wetland reconnection and restoration are a
major part of the Surface Water Improvement and Man-
agement Plan (SWIM) for the IRL (SJRWMD and SFW-
MD 2002). Other efforts include the planting of native
species, removal of invasive species, and the preservation
of wetlands through land acquisition (SJRWMD and SF-
WMD 2002).

Hydrology and water quality

Historically, the IRL drainage basin was much small-
er, and its boundary followed the Atlantic Coastal Ridge.
Numerous canals were constructed from 1916 through
the 1950s in order to drain much of the adjacent wet-
lands for agriculture (primarily for cattle ranging and
citrus orchards). These canals greatly increased both the
size of the IRL watershed and the rate at which water
was delivered to the lagoon. The canals increased fresh-
water flow in the rainy season, concentrating stormwater
runoff and dumping large quantities of freshwater and
associated land pollutants into the lagoon (FDEP 2015).
Overall flow in the dry season has decreased due to ag-
ricultural and urban consumption. The lagoons receive
freshwater input from surface runoff and groundwater
seepage, as well as minor inputs from precipitation,
natural tributaries, and wastewater-treatment plants.
In the 1960s and 1970s poorly treated wastewater was
discharged into the IRL, resulting in poor water quali-
ty in the system, particularly near urban centers (FDEP
2015). Septic systems are still widely used in much of the
area, and seepage of bacteria, phosphorus, and nitrogen
from old systems that are not properly maintained are
of particular concern (FDEP 2009a).

Groundwater sources in the region include the Flor-
idan Aquifer, intermediate aquifer, and surficial aquifer.
The Floridan Aquifer and the surficial aquifer are used
for agricultural and public water supplies, although the
Floridan aquifer becomes brackish in the southern IRL.
The surficial aquifer contributes around 10% of all
freshwater inputs into the IRL (Pandit and El-Khazen
1990). The SJRWMD and SFWMD have reduced permit-
ted withdrawals from the surficial aquifer in attempts to
protect wetlands and prevent saltwater intrusion (FDEP
2015).

The barrier islands that border the east side of Mos-
quito Lagoon, Banana River Lagoon, and Indian River
Lagoon restrict tidal flushing and currents, resulting in
high water-residence times and making the region sus-
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Figure 12.2. Mangrove and salt marsh extent in the southern Indian River Lagoon. Data sources: SJRWMD 2009
and SEWMD 2008-2009 land use/land cover data, based on FLUCCS classifications (FDOT 1999, SEFEWMD
2009a, SJRWMD 2009a).
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Figure 12.3. Changes in land use along the Indian River Lagoon from 1920 to 1995. Data source: SJRWMD

ceptible to impaired water quality (FDEP 2009a, FDEP
2009b, FDEP 2015). Water-level changes in the Mosquito
Lagoon are generally driven by wind more than by tidal
currents or rainfall (FDEP 2009a). Banana River Lagoon
requires two years for complete flushing (FDEP 2013). In
extreme summer drought conditions, evaporation, limit-
ed freshwater input, and limited flushing have caused sa-
linity levels to reach 45 in Banana River Lagoon and parts
of the northern IRL and southern Mosquito Lagoon
(FDEP 2015). The average depth of the IRL is 4 ft (1.2
m); the water quickly warms in the summer, decreasing
dissolved oxygen and facilitating the development of hy-
poxic or anoxic conditions (FDEP 2015). Flushing in the
southern IRL is 10-15 times higher than in the northern
lagoons (FDEP 2009b, EDEP 2015).

In 20102011, phytoplankton blooms, including a
superbloom of algae in the class Pedinophyceae, result-
ed in extensive losses of seagrass in Brevard and Indian
River counties with the largest percentage loss in Banana
River Lagoon (SJRWMD et al. 2012). These blooms were
followed by brown-tide blooms (caused by the alga Au-
reoumbra lagunensis), centered in the northern IRL and
Mosquito Lagoon in 2012 and 2013, with numerous oth-
er local blooms throughout the system. The region also
had unusual mortality events in July 2012 and April 2013
with extensive deaths of dolphins, manatees, and brown
pelicans (FDEP 2015). Research into the ecosystem-wide
relationships that led to these algal blooms and mortality
events are forefront in scientific and management efforts
in the region (SJRWMD et al. 2012).

St. Lucie Estuary

The St. Lucie Estuary (SLE), which connects to the
southern IRL, was a freshwater river until the St. Lucie
Inlet was dug in 1892, resulting in saltwater intrusion up
to 16 mi (26 km) away at Midway Road in Fort Pierce
(FDEP 2009¢). Construction of the St. Lucie Canal (C-
44 Canal) was completed in the 1920s, draining large
areas west of the SLE and connecting water flow from
Lake Okeechobee to the south fork of the SLE (FDEP
2015). These freshwater inputs drastically increased the
sediment and nutrient load to the SLE. Depending on
the duration and magnitude of freshwater releases from
Lake Okeechobee, the estuarine salinity may become oli-
gohaline, stressing or killing estuarine plants and animals
(FDEP 2015). The Lake Okeechobee Watershed Project
and IRL South Feasibility Plan components of the Com-
prehensive Everglades Restoration Plan (CERP) empha-
size decreasing the amount of large freshwater discharges
from Lake Okeechobee into the SLE (Bartell et al. 2004,
CERP 2013). The SWIM plan for the IRL, including the
SLE, is also focused on improving the quality of water en-
tering the system (SJRWMD and SFWMD 2002).

The North Fork of the St. Lucie River was dredged
and bermed for flood control and agriculture from the
1920s to the 1940s (FDEP 2009¢). This straightening of
the river isolated much of the flood plain and the oxbows
from the main river channel, resulting in a faster-flowing
river channel with regions of stagnation and sedimenta-
tion in the former oxbows (FDEP 2009¢). The North Fork
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was connected to the C-23/C-24 canal system in the 1950s
as a part of the Central and Southern Florida Project, fur-
ther increasing the amount of freshwater diverted into the
SLE (SFWMD 2009b). Tidal wetlands and mangrove for-
ests along the St. Lucie estuary are dominated by R. man-
gle, with minor contributions from Acrostichum danaei-
folium (giant leather fern) and Salix caroliniana (coastal
plain willow) (FDEP 2009c¢). S. terebinthifolius has over-
taken much of the mangrove habitat on the North Fork of
the St. Lucie River, in part due to the straightening of the
river channel (FDEP 2009c). A portion of the IRL South
Feasibility Plan includes the reconnection of isolated ox-
bows along the North Fork in order to improve water fil-
tration and habitat utilization in the remnant floodplain
communities (Bartell et al. 2004).

Threats to coastal wetlands

e Hydrologic alteration and water quality: The hy-
drology of the IRL system has been significantly al-
tered by the construction of drainage canals, increas-
ing both the size of the watershed and the rate of
surface water delivery. Impoundments and dragline
ditching also decreased the functionality of coastal
wetlands, hindering their ability to improve the qual-
ity of surface water. This combination of altered wa-
tershed hydrology, increased freshwater inflow, pollut-
ed runoff, loss of wetlands, and low flushing make the
IRL highly susceptible to impaired water quality. The
buildup of pollutants, strong temperature changes,
hypoxic conditions, and superblooms have ecosys-
tem-wide impacts on the estuary.

e Urban development: The rate of urban development
and the draining of wetlands surrounding the IRL
have slowed since their peak in the 1950s to 1970s,
but the population continues to grow, and some of
the remaining impounded coastal wetlands remain
in private ownership. This limits restoration efforts,
and these wetlands are still vulnerable to development
(IRLNEP 2008).

e Sea-level rise and climate change: Sea-level rise will
likely drive a landward migration of coastal wetland
vegetation. Wetland extent will therefore decline in
regions of urban development that lack appropriate
buffer-zone habitat (IRLNEP 2008). The shallow ex-
tent of the lagoons makes them susceptible to warm
temperatures and may drive the region toward dom-
inance by tropical and subtropical species over more
temperate species (IRLNEP 2008). In recent decades,
since the last major freezes, the area occupied by man-
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groves has expanded at the expense of salt marsh and
other adjacent habitats (Cavanaugh et al. 2014). If
cold events continue to be infrequent, this pattern will
likely result in continued encroachment of mangroves
into salt marsh habitat.

e Invasive vegetation: Invasive vegetation, most notably
the exotics S. terebinthifolius and Casuarina spp. (Aus-
tralian pines), encroach on the edges of coastal wetland
habitat, particularly on impoundments or on spoil is-
lands (FDEP 2015). S. terebinthifolius is particularly
prevalent along dragline ditches and on the bermed and
straightened portion of the North Fork of the St. Luc-
ie Estuary (FDEP 2009¢). Also, native species such as
Juniperus virginiana (red cedar) and Baccharis angusti-
folia (saltwater false willow) have colonized these areas
of high ground, and thus woody species now inhabit
regions of the marshes historically dominated by her-
baceous vegetation.

Mapping and monitoring efforts

Water management district mapping

Since 1990 SJRWMD has conducted regular land
use/land cover (LULC) sampling using aerial orthopho-
tography. These mapping efforts also used wetland as-
sessments from the late 1980s with the assumption that
regions identified as wetlands were still wetlands if they
had not been developed. Exceptions occurred in areas in
which wetlands had been drained or experienced pro-
longed dry conditions (SJRWMD 2009a). In 2004, im-
agery had a ground sample distance resolution of 2 ft
(0.62 m), captured from a height of 20,000 ft (6096 m).
The minimum mapping unit for wetlands was 0.5 acre
(0.2 ha). Land features were categorized according to
the Florida Land Use and Cover Classification System
(FLUCCS) (FDOT 1999) and outlined in the SJRWMD
photointerpretation key (SJRWMD 2009b). Salt marsh
acreage increased from 1990 to 2009 in the SJRWMD,
largely due to impoundment removal and the reconnec-
tion of marshes to tides. These reconnections caused
regions of predominantly freshwater vegetation to shift
back to a tidal wetland ecosystem.

SFWMD also conducts regular LULC surveys within
its boundaries. Land-cover classifications for 20082009
were based on SFWMD modifications to FLUCCS cat-
egories (FDOT 1999, SFWMD 2009¢). Minimum map-
ping units were 5 acres (2 ha) for uplands and 2 acres (0.8
ha) for wetlands. The most recent maps were made by in-
terpreting county-based aerial photography and updating
2004-2005 vector data (SFWMD 2009a).
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North Fork St. Lucie River Floodplain
vegetation study

In 2009, four transects were established through veg-
etation in the North Fork St. Lucie River Floodplain to
study canopy, shrub, and groundcover communities in
conjunction with soil conductivity and soil moisture in
the floodplain (SFWMD 2015). This research was a co-
operative effort between the Coastal Ecosystems Section
of SFWMD, FDEP’s Florida Park Service at the Savan-
nas Preserve State Park, and the IRL Aquatic Preserve
Office. The results of the survey indicated that most of
the remaining floodplain consisted of hammock and
bottomland hardwood communities (SFWMD 2015).
Swamp communities had been limited by the placement
of spoil material along much of the shoreline and at the
openings of several oxbows. Most of what remains of
the floodplain suffers from reduced hydroperiods. Salt-
water intrusion was evidenced by the higher soil con-
ductivity values downstream, in areas dominated by L.
racemosa. Water managers are examining means of re-
storing upstream freshwater inflow and enhancing the
floodplain habitat for fish and wildlife as CERP plans
are implemented and adaptive management decisions
are made.

North Fork St. Lucie River
mangrove mapping

St. Lucie County mapped the extent of mangroves
along the North Fork St. Lucie River from Port St. Lucie
Boulevard northward to the fork of Ten Mile Creek and
Five Mile Creek during January—February 2013 (Figure
12.4). Observations were made on intensive shoreline
scouting trips, primarily by boat but also by land. Near-
ly all mangroves observed were R. mangle, with a few A.
germinans at the southern end. Heights of some isolated
trees were also recorded.

Salt marsh restoration at New Smyrna Beach

Using NOAA Habitat Restoration funding, FWC and
SJRWMD restored 5 acres (2 ha) of salt marsh in 2014
in New Smyrna Beach by removing spoil from the site
(Figure 12.5). The marsh is directly accessible by land
and supports numerous programs for monitoring and
research in conjunction with the nonprofit Marine Dis-
covery Center located on the property. The site serves as
a hub for regional restoration providing opportunities for
developing monitoring techniques and harvesting plants
for regional projects.
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Figure 12.4. Density of mangroves along the North
Fork of the St. Lucie River.

Recommendations for protection,
management, and monitoring

o Continue efforts toward hydrologic reconnection by es-
tablishing breaches or culverts through impoundments,
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Figure 12.5. Restored salt marsh at New Smyrna
Beach, on property of the Florida Fish and Wildlife
Conservation Commission.

enabling aquatic species to travel between lagoon and
wetland habitats (IRLNEP 2008). Where practical, fully
restore impoundments by returning dike material to the
borrow ditch and grading to adjacent wetland elevation
(Rey et al. 2012). Likewise, continue restoration of ar-
eas with dragline ditches and spoil piles to re-establish
more natural wetland elevations. Encourage wetland
protection, restoration, and management on private
lands; pursue land purchases if necessary (IRLNEP
2008, Rey et al. 2012).

o Continue installation of living shorelines with native veg-
etation, which helps to prevent erosion, stabilize shores,
and improve water quality (FDEP 2015). Nutrient reduc-
tion and improvement of water quality are focus areas
in many IRL management plans; coastal wetlands act as
vegetative buffers and assist in achieving these goals (SJR-
WMD and SFWMD 2002, BMAP 2013, FDEP 2015).

o The susceptibility of the IRL ecosystem to water qual-
ity issues, superblooms, and subsequent unusual mor-
tality events highlights the need for further study to
fully elucidate the cause-and-effect relationship in the
overall ecosystem.

e The water quality of the St. Lucie Estuary is tightly
linked to freshwater releases from Lake Okeechobee.
Freshwater releases should be managed to reduce the
frequency and duration of extreme salinities and high
nutrient loads in the St. Lucie Estuary (SJRWMD and
SEWMD 2002).

o As a part of urban planning, establish or enhance up-
land buffers along coastal wetlands to enable shore-
ward migration of coastal vegetation in the face of

sea-level rise (IRLNEP 2008). Where needed, restore a
natural gradient by removing dikes or berms between
wetlands and adjacent uplands. Further research is also
recommended to determine best ecosystem-level man-
agement practices in the face of changing coastal con-
ditions IRLNEP 2008).

e Continue efforts to remove invasive species, and encour-
age or plant native vegetation. Restoration efforts that
re-establish proper wetland elevations facilitate the recol-
onization of native coastal wetland vegetation. Educate
residents about invasive vegetation and continue efforts
to rapidly recognize and address new invasive species.
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General references and
additional regional information

SJRWMD coastal wetlands restoration:
www.sjrwmd.com/coastalrestoration/

Indian River Lagoon Protection Initiative:
www.sjrwmd.com/indianriverlagoon/initiative.html

Regional contacts

Ron Brockmeyer, St. Johns River Water Management
District, rbrockmeyer@sjrwmd.com

Jeff Beal, Florida Fish and Wildlife Conservation Com-
mission, jeff.beal@myfwc.org

Marion Hedgepeth, South Florida Water Management
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Hyun Jung Cho, Bethune-Cookman University,
choh@cookman.edu
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