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SUMMARY OF FINDINGS  

SEAGRASS AND MACROALGAE  

BACKGROUND 
�x There are seven species of seagrass in the IRL that provide numerous ecosystem services. 

Considered critical habitat for several listed species, seagrass provides important spawning 
grounds for fish and are a key source of food for the Florida manatee and green sea turtle. 
Seagrasses also sequester water column nutrients and reduce sediment resuspension.  

�x There are over 212 unique species of macroalgae in the IRL, which can directly compete with 
seagrass for habitat. Of particular concern is Caulerpa prolifera which is more resilient to poor 
water quality and substrate conditions than seagrasses.  

�x The Total Maximum Daily Loads (TMDLs) for the sublagoons are based on seagrass light 
requirements assessed by using a join of transect data and areal coverage to estimate the deep 
edge for three species, Halodule wrightii, Syringodium filiforme, and Thalassia testudinum. The St. 
Johns River Water Management District and South Florida Water Management District perform 
bi-annual aerial surveys of seagrass coverage and semi-annual field measurements along 97 fixed 
transects to determine the status of the IRL seagrass. 

�x In 2011 there was a major algal “superbloom” which reduced water clarity for several months, 
resulting in a substantial loss of seagrass coverage. Additional blooms have occurred since then in 
2012, 2016, 2018, and 2020, reducing seagrasses further. 

KEY FINDINGS 
STATUS 

�x Seagrass beds throughout the IRL have severely declined from their historical range in 1943. The 
largest seagrass losses occurred in the Banana River, Central IRL north of the Sebastian Inlet, and 
North IRL. The Mosquito Lagoon, Central IRL south of the Sebastian Inlet, and South IRL have 
77% of the remaining seagrass coverage.  

�x Seagrass species diversity has also declined with only Halodule wrightii and Halophila 
engelmannii identified along the established monitoring transects in recent years.  

�x The amount of drift macroalgae biomass showed substantial annual and seasonal variations, with 
generally more biomass recorded in the North IRL in the summer and in the South IRL in the 
winter.  

�x No comprehensive estimation of macroalgae spp, especially Caulerpa prolifera coverage, has been 
performed in the IRL to date, however efforts are underway at SJRWMD to initiate a 
comprehensive Caulerpa monitoring method.   

TRENDS 

�x In the 1940s, approximately 72,900 acres of seagrass were present in the IRL, which varied over 
time and reached a maximum extent of 79,600 acres in 2009, exceeding the 1940s benchmark.  

�x Following the 2011 algal “superbloom” over 33,860 acres of seagrass were lost, bringing 
estimated coverage to an estimated 45,710 acres. After the extensive brown tide, Aureoumbra 
lagunensis, algal bloom in 2017, seagrass coverage declined further to 38,209 acres. By 2021, 
seagrass in the IRL reached its lowest coverage (<20,000 acres) with a slight rebound in 2023 to 
24,500 acres of total seagrass coverage.  

�x Reductions in drift macroalgae biomass in 2010-2012 and 2016 were likely caused by reduced 
light availability and extreme temperatures, and subsequently allowed for the uptake of nutrients 
by phytoplankton during bloom events. 
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OYSTER REEFS, INFAUNA , AND EPIFAUNA  

BACKGROUND 
�x Clams and oysters were once important local fisheries in the IRL, contributing $Millions to the 

local economy annually until the early 1990s when both fisheries collapsed, potentially due to 
extensive overfishing, changes in salinity, water and sediment conditions, or a combination 
thereof.  

�x In addition to being a food source, oysters are ecological engineers that build reefs which are also 
essential habitat for other organisms, including fish and birds. Oysters are efficient filter-feeders 
that can help mitigate harmful algal blooms by improving water clarity. 

�x Oyster research in the IRL has been focused primarily in the Mosquito Lagoon with some 
additional research conducted in the St. Lucie Estuary and Loxahatchee River. Research on 
infauna and epifauna has been focused in the St. Lucie Estuary and South IRL.  

�x Benthic infauna burrow into soft sediment and benthic epifauna reside on substrates. Together 
they make up the foundational role in nutrient and carbon cycling that provides the basis of the 
food web. They also improve sediment stability and quality.  

KEY FINDINGS 
STATUS 

�x There are over 400 species of mollusks in the IRL, including five endemic species, one of which 
that is presumed extinct  

�x Increased wave energy caused by boat wake activity and harmful algal blooms negatively affect 
the recruitment and survival of oysters in the IRL. The presence of fine, organic rich sediments 
also prevents the settlement and recruitment of oysters. 

�x Infauna and epifauna species richness and abundance are most affected by salinity and sediment 
grain size, with high salinities and course sediments associated with increased species richness 
and abundance. 

TRENDS 

�x Live oyster reef coverage in the Mosquito Lagoon has decreased since 1943, but recent 
restoration efforts have improved the ratio of live to dead reefs. 

�x The introduction of fine sediments, cyanobacteria blooms and toxins, and decreased salinities 
have resulted from increased freshwater inputs from drainage canals and storm events that have 
negatively affected the species richness and abundance of infauna and epifauna species in the St. 
Lucie Estuary, including oysters. 
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W ETLANDS  

BACKGROUND 
�x Wetlands are diverse ecosystems that provide essential wildlife habitat and a wide array of 

ecosystem services. Wetlands can stabilize shorelines, store floodwater, filter contaminants, 
improve water quality, and serve as essential habitats for fish, crustaceans, and birds.  

�x Prior to the 1970s, a significant number of wetlands in the IRL basin were lost to development 
and impoundment. 

�x To provide a picture of recent and current trends, this chapter investigates the changes to 
wetlands in the IRL watershed over the period of record from 1999 to 2020 using available 
Florida land use/land cover data. 

�x In the IRL, intertidal wetlands include salt marshes and mangrove swamps, which provide 
habitat and nursery grounds for marine and intertidal animal and plant species. 

KEY FINDINGS 
STATUS 

�x There are approximately 242,391 acres of wetlands in the IRL, covering about 15% of the 
watershed. 

�x There has been a net increase in wetland acreage of 5,883 acres from 1999 to 2020. The St. Lucie 
basin had the highest total gain of 6,394 acres from 1999 to 2020, while the North IRL has 
experienced the most loss in wetlands with nearly a 3,000-acre decrease. 

�x Wetland hardwood forest is the most dominant type of wetland in the IRL watershed and has 
seen the highest increase in acreage since 1999, gaining roughly 8,372 acres. Saltwater marsh 
has decreased by 9,359 acres since 1999, which is the greatest wetland loss among the wetland 
types. 

�x Approximately 72% of remaining salt marsh is impounded, along with 48% of the mangrove 
swamp. 

�x Wetlands in the IRL basin have decreased in number of patches and density. However, total 
wetland edge distances and the average patch size have increased. These findings suggest that 
although development has likely decreased the number of wetland areas, restoration and 
mitigation have compensated for wetland loss and resulted in a net gain in wetland area within 
the IRL basin. 

TRENDS 

�x From 1999 to 2020, roughly 26,448 acres of wetlands were lost, 32,328 acres were gained, and 
209,835 acres persisted, resulting in an overall gain in wetland acreage of roughly 5,880 acres. 

�x Recent wetland loss in the IRL basin has occurred primarily due to land development, while 
recent wetland gain has been a result of ecosystem restoration projects and permit -required 
wetland mitigation.  

�x Saltwater marsh in the IRL appears to be rapidly declining, most notably as a result of succession 
to mangroves as the mangrove freeze line moves north. 

�x Small, isolated wetlands appear to be decreasing throughout the watershed in favor of additions 
to large, contiguous wetlands.  
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SHORELINES  

BACKGROUND 
�x Healthy, natural shorelines are important for the overall health of the IRL to maintain good water 

quality and habitat for a diverse assemblage of organisms. 
�x Shoreline research has been limited in the IRL, with few widespread mapping efforts performed 

over the last few decades. Limited, in-depth research has been focused in and around protected 
areas in the Mosquito Lagoon. 

KEY FINDINGS 
STATUS 

�x Most shorelines throughout the IRL are natural, though many of the natural shorelines exhibit 
anthropogenic influence. 

�x Restoration of artificial shorelines through the installation of living shorelines has helped 
improve the quality of IRL shorelines and restore their ecological functions. 

TRENDS 

�x Increases in urban development along the shores of the IRL have steadily disrupted the natural 
shorelines of the IRL through shoreline hardening and habitat fragmentation. 
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INTRODUCTION  

Water quality conditions in the IRL, like salinity and clarity, have a profound impact on the ecosystem that 
is reflected in the health of its habitats. In this chapter, four major categories of habitats in the IRL are 
introduced and analyzed: Seagrass and macroalgae; Oyster reefs; infauna and epifauna; wetlands; and 
shorelines. These habitats conditional represent ecologically, culturally, and economically important 
indicators of health for the IRL system.   

The IRL ecosystem is affected by landscape changes, pollutant pressures, and climate change stressors 
discussed in other sections of this report. Nutrient loading (a landscape stressor) and climate change have, 
arguably, the largest impacts on the ecosystem. Excessive nutrient loading is driving eutrophication 
causing a suite of negative impacts such as hypoxia, fish kills, decreased water clarity, seagrass losses, and 
excessive amounts of accumulated organic sediment matter onto benthic habitats. Increased temperature, 
precipitation, and sea levels as a result of climate change can reduce diversity within the habitats, change 
species composition, change the amounts of primary production (thus affecting dissolved oxygen levels and 
water clarity), and alter habitats through flooding. 

The chapters in this section present findings about past trends and recent status of the four IRL habitats. 
For some of these indicators, the data reveal clear trends, while for others  the available data are limited 
and contain high amounts of variability that make it difficult to discern long-term trends. Moving forward, 
the indicators presented here can be used to assess how habitats in the IRL are responding to management 
actions and climate change. 
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SUBCHAPTER – SEAGRASS AND MACROALGAE  

INTRODUCTION  

Seagrass  
Seagrasses are flowering plants that live submerged in marine and estuarine environments. They provide 
numerous ecosystem functions, from fisheries enhancements and coastal erosion reduction/sediment 
stabilization to water quality improvement and carbon storage (Reynolds et al., 2019; Rezek et al., 2019). 
Because of their capacity for storing large amounts of organic carbon in their leaves and rhizomes, seagrass 
beds are an important long-term carbon sink that can help mitigate climate change (blue carbon) 
(Mazarrasa et al., 2018). In the Indian River Lagoon (IRL), seagrasses provide critical fish habitat, stabilize 
benthic sediments, and maintain nutrient dynamics.  

It is not surprising that all seven of Florida’s seagrass species occur in the IRL, considering the estuary’s 
location across warm-temperate and sub-tropical biogeographic regions and its tremendous diversity of 
depths, temperature, salinity, and light conditions (Virnstein, 2000; Morris et al., 2021). The seagrass 
species occupy different ecological niches, with some found in more southern areas and others northern, 
some in shallow water and others in somewhat deeper water. Therefore, it is important to view each basin 
and each seagrass species separately and not just look at the big picture. Details on the seven seagrass 
species in the IRL are provided below and images are included in Figure 1.   

�x Thalassia testudinum , or turtle grass, can be found south of Sebastian Inlet, with blades that are 
flat and wide growing up to 14 inches long. This species has the highest requirement for light of all 
the IRL seagrasses, however, it is an indicator of excellent water quality conditions. As its name 
suggests, it is an important food source for sea turtles in the IRL. 

�x Syringodium filiforme , or manatee grass, is consumed preferentially by manatees when available. 
Its blades are cylindrical with two to four blades that come up from each node and grow up to 14 
inches. It is typically found at depths of around 5 feet (ft), and not commonly found in shallow 
water. 

�x Halodule wrightii , or shoal grass, is the most common of the seven seagrass species, and 
historically can be found lagoon-wide. It can tolerate a range of salinities and grows in less than 6.5 
ft depths. It grows in clusters originating from a single node, reaching up to 10 inches long, with 
notches at the tips. 

�x Ruppia maritima , or widgeon grass, generally grows in shallower water, commonly found in less 
than 1 ft depths. The blades grow from a sheath, and are characteristically wider at the base and 
taper to a long point at the tip. This species closely resembles H. wrightii, however lacks the notches 
at the tips. 

�x Halophila engelmannii , or star grass, is typically found in the northern portion of the IRL. It grows 
in spirals of 4 to 8 blades, with smaller blades than other seagrass species, reaching about 1 inch 
long. As the name suggests, this species grows from a single stem in a star-like pattern. 

�x Halophila decipiens , or paddle grass, is unique in that it is an annual species, growing only in the 
warmer months. It is typically found south of the Sebastian Inlet at deeper depths. The blades are 
smaller than most species, growing to about 1 inch in length, and have a paddle-like shape.  

�x Halophila johnsonii , or Johnson’s grass, grows only in the southern half of the lagoon. The blades 
grow in short pairs from a single node, reaching up to 2 inches long, and can form in dense patches 
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in shallow or deep depths. The species name was chosen in honor of J. Seward Johnson Sr., founder 
of Harbor Branch Oceanographic Institution in Fort Pierce, FL. 

 

Figure 1. Seagrass species found in the Indian River Lagoon (from Sargent et al. , 1995, based on drawings by 
Mark D. Moffler).  
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A seagrass monitoring program was established by the SJRWMD and the SFWMD that relies on both aerial 
mapping paired with field transect surveys for ground truthing and refinement, a method developed by 
Virnstein and Cairns (1986).    

Starting in 1992, aerial imagery was collected almost every other year to estimate lagoon-wide seagrass 
coverage using stereoscopic analysis and photo-interpretation keys. Aerial imagery was collected in 1992, 
1994, 1996, 1999, and 2003 and every 2 years thereafter. In 1994, seventy-two (72) fixed seagrass 
monitoring transects were established in the IRL that have been surveyed at least twice a year in summer 
and winter to capture the maximum and minimum seagrass abundance (Morris et al., 2022; Virnstein and 
Morris, 1996). In 2011, the number of transects was increased to 97. The goal of the fixed transects was to 
quantitatively, non-destructively, and rapidly sample seagrass species density and depth of occurrence. 
Each seagrass transect is a graduated line that extends perpendicular to shore out to the deep end of the 
seagrass canopy (EOC), defined as the point beyond which percent cover in 1 m2 �“�—�ƒ�†�”�ƒ�–�•���†�”�‘�’�•���–�‘���¶���s�¨��
cover for 30 m (Morris et al., 2022). Measurements are taken from each 1 m2 quadrat along the transect 
that include percent occurrence for each species and quadrat cover for each species and beginning in 1998, 
also included water depth, and the total transect length from the shore to the EOC (Morris et al., 2021; 
Morris et al., 2001). The established seagrass transects are surveyed more frequently to provide more fine-
scale data on species composition and temporal changes as well as to verify and ground truth the coverage 
estimates from the aerial imagery (Morris et al., 2022). Seagrass coverage estimates from SJRWMD 1943 
and SFWMD 1940 aerial imagery were used to establish benchmarks for restoration.  

Like canaries in the coalmine (Orth et al, 2006), seagrasses act as an indicator of ecosystem health, 
providing a functional link between water quality and biota (Virnstein, 2000). Because they are sensitive to 
environmental changes and require abundant light, established seagrass depth targets were used to inform 
state and federal regulations (Steward et al., 2005). As part of the TMDLs established for areas of the IRL, 
nutrient targets were established based on the light requirements for seagrass (Gao, 2009; Gao and Rhew, 
2013), integrating the ecological driver (nutrient pollution) and condition (sea grass depth) into the 
management framework.  

Seagrass monitoring in the IRL has shown dramatic shifts in coverage since monitoring began in 1992. The 
1943 benchmark goal of 72,900 acres of seagrass was surpassed in the 2009 (79,074) right before a cycle 
of regular algal blooms intensified, effectively shading out and killing  over 60% of seagrass beds and 
reducing seagrass coverage overall to less than 20,000 acres by 2021 (Lapointe et al., 2020; Morris et al., 
2021). The seagrass decline started with the first algal “superbloom” in the North IRL and Banana River 
Lagoon (BRL) that started in the South Mosquito Lagoon (ML) in late winter of 2010, reached maximum 
coverage of the ML, BRL, and North IRL by October 2011, and was completely gone (along with over 33,000 
acres of seagrass) by March of 2012 (Figure 2). After the superbloom there was a minor recovery of 
seagrass acreage in the IRL, with an increase of nearly 25,000 acres of seagrass by the year 2015, when 
another series of algal blooms initiated including an unprecedented brown tide bloom (Aureoumbra 
lagunensis) that caused a widespread fish kill covering the southern ML, BRL, and part of the North IRL in 
2017.  
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Figure 2. Aerial imagery over time of the 1st algal superbloo m in the IRL. 

Macroalgae  
Historically, macrophyte research in the IRL has focused extensively on seagrasses with very few studies 
on macroalgae. Macroalgae provide important habitat and are generally considered extensions of seagrass 
beds as they are often found growing together (Virnstein and Howard, 1987). Some of the first studies to 
characterize macroalgae diversity in the IRL occurred 40-60 years ago, with collections focused mostly 
near the Fort Pierce and Saint Lucie Inlets (Hanisak, 2021; Phillips and Ingle, 1960). Monthly sampling to 
evaluate the abundance and diversity of macroalgae and seagrasses in the central Mosquito Lagoon for a 
two-year period was conducted by Abgrall and Walters (2003), though no consistent temporal patterns 
were identified. An analysis carried out by Breithaupt et al. (2019) of the vegetative wrack that 
accumulated on the shoreline in the central Mosquito Lagoon reported that red and green algae were the 
most abundant during the winter and spring, but negligible in the summer and fall. In 2008, Littler et al. 
published the book Submersed Plants of the Indian River Lagoon, which provided a better picture of 
macroalgae diversity in the IRL and identified data gaps. Overall, 212 species of marine macroalgae were 
identified, which included 130 newly recorded species (Hanisak, 2021). 
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The macroalgae in the IRL can be classified into three taxonomic groups: Phylum Rhodophyta (‘‘red algae’’), 
Phylum Chlorophyta (‘‘green algae’’), and Phylum Ochrophyta Class Phaeophyceae (‘‘brown algae’’) 
(Hanisak, 2021). In general, drift macroalgae in the IRL are dominated by red algae, specifically Gracilaria 
spp. (Figure 3), though drift macroalgae are more difficult to sample because they are moved by wind and 
water currents (Hanisak, 2021; Benz et al., 1979). Attached rhizophytic macroalgae, e.g., the chlorophyte 
Caulerpa prolifera (Figure 3), are also commonly occurring in the IRL (Taplin et al., 2005). 

Drift macroalgae play an important role in the ecology of estuarine systems, providing habitat for 
organisms as well as carrying out their roles as primary producers that cycle carbon, nitrogen, and 
phosphorus (Hall et al., 2022). Excess nutrients, however, can lead to high drift macroalgae biomass where 
it acts as a nutrient sink until decomposition when it becomes a source of recycled nutrients that can fuel 
phytoplankton blooms and lead to habitat destruction, oxygen depletion, and changes to biogeochemical 
cycling (Whitehouse and Lapointe, 2015). Drift macroalgae can become abundant at certain times, 
accumulating as thick mats that shade and decrease seagrass coverage (Steward et al., 2005). 

In the southern region of the BRL and portions of the Central IRL, certain attached macroalgae like C. 
prolifera can be a management issue and may compete with seagrass beds for deep-edge space or light 
(Steward et al., 2005), as it is widely distributed, grows attached in sediments, and structurally resembles 
seagrass (Figure 3 ) (Taplin et al., 2005; Nelson et al., 2022). Monitoring by SJRWMD showed that C. 
prolifera is more abundant at greater depths, suggesting it might be better equipped for low light 
conditions. Because Caulerpa can thrive in low light and nutrient-rich conditions, there is a concern that as 
water quality declines, there will be a community shift with H. wrightii being replaced by C. prolifera 
(Taplin et al., 2005).  

 

 
 

Caulerpa prolifera Gracilaria verrucosa 

Figure 3. Example specimens of macroalgae found in the Indian River Lagoon (IRL Species Inventory, 2022). 
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Because of the fundamental roles seagrasses and macroalgae play in ecosystem health and diversity as 
ecosystem engineers, adequately monitoring trends in the extent and condition of these macrophytes is 
vital. Changes in the abundance and distribution of seagrass and macroalgae can indicate ecosystem 
degradation and loss of functional services, potentially resulting in an overall habitat regime shift from 
seagrass to macroalgae. In this chapter, findings on the historical and current spatial and temporal trends 
in seagrass plus macroalgae abundance and diversity throughout the Indian River Lagoon are reported. 
The chapter also discusses stressors that impact the macrophyte communities and the shift from a 
seagrass-dominated estuary to a macroalgae-dominated system. 

METHODS 

Seagrass  
Seagrass is monitored in the IRL by SJRWMD at different spatial and temporal scales. Aerial imagery is used 
to map seagrass on a large scale (lagoon-wide) at a frequency of every 2 years and fixed transects are 
sampled seasonally (summer and winter) at a finer scale (Morris et al., 2022). The lagoon-wide maps from 
the aerial imagery show the areal extent of seagrass, and the fixed transects evaluate the distribution of 
seagrass species and the percent cover of seagrass within the areal extent. 

For this analysis, the geospatial data of areal extents were retrieved from SJRWMD and SFWMD Open Data 
Portal as individual shapefiles to show areal spatial changes over time. SJRWMD covers seagrass extent 
from 1943 to 2021, and SFWMD covers 1940 seagrass coverage in the South IRL and Loxahatchee River, as 
seagrass monitoring was not yet conducted by SJRWMD in 1943. Esri ArcMap 10.8 Summary Statistics Tool 
was used to calculate the seagrass acreages by sublagoon as well as coverage (i.e., patchy versus 
continuous) and graph temporal changes in distribution. Continuous seagrass is referred to as beds that are 
consistent without interruption, while patchy seagrass refers to isolated sections of seagrass. The complete 
dataset of annual mean percent cover by seagrass transect in the summer monitoring period was provided 
by SJRWMD for the period of record (1998 to 2023). The species composition, distribution , and mean 
percent seagrass cover over time were summarized by year and sublagoon. Spatial and temporal coverages 
of aerial imagery and transect locations are presented in Table 1, and a map of fixed transect locations is 
shown in Figure 4. The Halifax River basin has not been monitored for seagrass by either aerial imagery or 
monitoring transects. 

Table 1. The available years of various seagrass data from St. Johns River Water Management District 
(SJRWMD) and South Florida Water Management District (SFWMD).  

Data Type Data Source Spatial Coverage Temporal Coverage  

Aerial Imagery  SJRWMD/SFWMD 
Mosquito Lagoon to 

Jupiter Inlet 

1940*, 1943**, 1992, 1994, 
1996, 1999, and every 2 years 

from 2003 to 2021 

Fixed Transects  SJRWMD Mosquito Lagoon to 
Jupiter Inlet 

1998 - 2023 

*1940 data from SFWMD only 
**1943 data from SJRWMD only 
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Figure 4. Location of the seagrass transects of the Indian River Lagoon within each sublagoon.  
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Macroalgae  
Drift macroalgae are generally more difficult to sample efficiently and effectively, as unattached drift algae 
move with currents. Data can be generated, however, based on visual surveys of fixed transects. 
Measurements taken along the seagrass transects as a part of the SJRWMD seagrass monitoring efforts 
include the percent cover of drift macroalgae and an empirical index that characterizes its biomass (Morris 
et al., 2001). The drift macroalgae suspended in the water column are not included in these efforts; only the 
unattached drift macroalgae that have settled along the bottom are included, so the data collected are an 
underrepresentation of the true extent of drift macroalgae in the IRL. Caulerpa spp. are also monitored as a 
part of the SJRWMD seagrass monitoring efforts and include percent cover of Caulerpa spp. along the 
transects. 

The SJRWMD evaluates macroalgae in nine subdivided areas, referred to as “reaches,” delineated by their  
similarities in water quality (Morris et al., 2021) (Table 2). The seagrass transect locations within each 
macroalgae reach are shown in Figure 5. The complete dataset of seasonal (summer and winter) mean 
biomass by dry weight of drift  macroalgae by reach was provided by SJRWMD for the period of record 
(1998 to 2023). The mean biomass by dry weight of drift macroalgae over time was summarized by season, 
year, and reach. Caulerpa spp. percent cover data were also provided by SJRWMD for the summer seasons 
of 2018 to 2023. The mean percent cover of Caulerpa spp. was summarized by year and sublagoon. 

 

Table 2. Reaches distinguished by SJRWMD with their corresponding sublagoon.  

Reach Corresponding Sublagoon  Method   Frequency  Period of Record  

1 North Mosquito Lagoon 
Fixed 

Transect 
Summer and Winter  1998-2023 

2 Mosquito Lagoon and  
North Indian River Lagoon 

Fixed 
Transect 

Summer and Winter  1998-2023 

3 North Indian River Lagoon Fixed 
Transect 

Summer and Winter  1998-2023 

4 Banana River Lagoon 
Fixed 

Transect Summer and Winter  1998-2023 

5 
North/Central Indian River 
Lagoon 

Fixed 
Transect Summer and Winter  1998-2023 

6 
Central Indian River 
Lagoon 

Fixed 
Transect 

Summer and Winter  1998-2023 

7 
South/Central and  
South  Indian River Lagoon 

Fixed 
Transect 

Summer and Winter  1998-2023 

8 South Indian River Lagoon Fixed 
Transect 

Summer and Winter  1998-2023 

9 South Indian River Lagoon 
and Loxahatchee River 

Fixed 
Transect 

Summer and Winter  1998-2023 
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Figure 5. Locations of the seagrass transects and macroalgae reach es. 
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RESULTS 

Seagrass  

Overall IRL Seagrass Status and Trends  
More than two decades of aerial mapping and fixed transects surveys has captured substantial variability of 
seagrasses throughout the IRL. According to extensive monitoring and mapping from SJRWMD and 
SFWMD, in the 1940s there were an estimated 72,956 acres of seagrass within the IRL (Figure 6 ). By 2021, 
the areal extent of seagrass was 19,811 acres, resulting in a loss of 53,145 acres. There was some recovery 
in 2023 to 24,512 acres- a 23.7% increase from 2021. 

 

Figure 6. Areal extent, mean transect length, and mean percent cover over time across the IRL. Adapted from 
Morris et al. (2021).  
 

Although aerial seagrass data were collected in the 1940s, seagrass extent was not mapped again until 
1992. There were reports of seagrass loss in these early years of mapping. Seagrass acreage decreased 
from 72,956 in the 1940s to 65,044 acres in 1992, although the timeline of this loss was not fully 
determined due to a lack of data (Morris et al., 2022). Areal extent increased after 1993, and in 2007 and 
2009 (80,400 acres and 79,556 acres, respectively) the extent was higher than historical 1940s levels. 

Seagrass transect length and percent cover were surveyed regularly along fixed transects beginning in 
1994. From 1994 to 2010, the transect lengths of the seagrass beds generally increased throughout the IRL 
indicating that seagrass was found at deeper depths (Figure 6). The longest mean transect lengths to date 
were 184 m in 2009 and 183 m in 2010. After 2010, mean transect lengths decreased to an all-time low of 
36 m in 2020 (an 80% decrease from 2009), indicating that the areal extent of seagrass did not extend as 
far from shore as it had in the past.  
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Seagrass percent cover along transects is used to estimate mean seagrass percent cover and to characterize 
it as sparse or dense using a method described by Morris et al (2022). Based on the transect analysis, 
seagrass cover has continuously declined since 1998, indicating that seagrass beds have become more 
sparse and less dense over time (Figure 6). The mean percent cover of seagrass has decreased immensely 
over time, from 29.3% of dense cover in 1998 to 1.3% in 2021. There has been a slight increase in mean 
percent cover of seagrass in the IRL since 2021, reaching 2.8% of dense cover in 2023.  

Mosquito Lagoon  
The areal extent of seagrass in the Mosquito Lagoon (ML) ranged from a high of 18,311 acres in 1943 to a 
record low of 9,847 acres in 2021 (Figure 7 ). In 1943, 11% of the seagrass beds were reported as patchy 
and 89% were found to be continuous, suggesting large seagrass beds existed at the time. However, by 
2021 there were no patchy seagrass beds found in the ML with the northern portion closest to Ponce Inlet 
experiencing the greatest loss from 1943 to 2023 (Figure 8, Figure 9). Surprisingly, the 2011 algal 
superbloom did not cause a severe loss of seagrass extent in the ML, nor did the excessive grazing that 
occurred thereafter, when seagrasses disappeared in the other basins. It wasn’t until the 2016 algal bloom 
that a decrease in seagrass acreage was observed – a loss of approximately 2,000 acres. Algal blooms in 
2020 led to a further decrease in areal extent to just 9,847 acres in 2021, but the seagrass made some 
recovery by 2023 to an areal extent of 15,109 acres, the highest extent in the ML since 2015. 

 

 

Figure 7. Areal extent of seagrass by coverage class (acres) in the Mosquito Lagoon. 
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Figure 8. Estimated 1943 seagrass areal extent  in the Mosquito Lagoon. 
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Figure 9. Estimated 2023 seagrass areal extent  in the Mosquito Lagoon. 



THE STATE OF THE INDIAN RIVER LAGOON TECHNICAL REPORT 
CHAPTER 6: HABITATS 

27 | P a g e 

Four of the seven seagrass species have been present in the ML since monitoring began: H. wrightii, S. 
filiforme, R. maritima, and H. engelmannii (Table 3). Since the beginning of fixed transect surveys, the total 
mean percent cover of all species has declined from a high of 32.2% cover in 1999 to a low of 0.7% in 2021. 
Some recovery has been observed since 2021 in the ML, with percent cover reaching 15.8% in 2023.  

Table 3. Mean percent cover of seagrass species along monitoring transects in  the Mosquito Lagoon along from 
1998 to 2023. 

Year 
Halodule 
wrightii  

Syringodium 
filiforme  

Thalassia 
testudinum  

Ruppia 
maritima  

Halophila 
engelmannii  

Halophila 
decipiens 

Halophila 
johnsonii  

TOTAL 
% 

1998  23.42 3.29 0.00 0.06 0.00 0.00 0.00 26.77 
1999  29.27 2.93 0.00 0.00 0.00 0.00 0.00 32.20 
2000  23.87 2.00 0.00 0.07 0.01 0.00 0.00 25.94 
2001  15.50 1.69 0.00 0.00 0.11 0.00 0.00 17.30 
2002  14.91 4.49 0.00 0.00 0.07 0.00 0.00 19.47 
2003  16.70 5.11 0.00 0.10 0.00 0.00 0.00 21.92 
2004  19.84 4.45 0.00 0.29 0.01 0.00 0.00 24.59 
2005  13.96 3.97 0.00 0.30 0.00 0.00 0.00 18.23 
2006  10.59 1.14 0.00 0.00 0.00 0.00 0.00 11.73 
2007  14.31 1.39 0.00 0.04 0.00 0.00 0.00 15.74 
2008  21.13 1.50 0.00 0.00 0.00 0.00 0.00 22.63 
2009  23.89 1.86 0.00 0.00 0.03 0.00 0.00 25.78 
2010  25.08 0.49 0.00 0.09 0.00 0.00 0.00 25.66 
2011  25.16 0.70 0.00 0.00 0.00 0.00 0.00 25.86 
2012  19.37 0.52 0.00 0.00 0.00 0.00 0.00 19.89 
2013  18.17 0.10 0.00 0.02 0.00 0.00 0.00 18.29 
2014  20.56 0.22 0.00 0.00 0.00 0.00 0.00 20.79 
2015  12.48 0.21 0.00 0.00 0.00 0.00 0.00 12.69 
2016  11.31 0.03 0.00 0.00 0.00 0.00 0.00 11.34 
2017  6.95 0.00 0.00 0.00 0.00 0.00 0.00 6.96 
2018  6.66 0.00 0.00 0.00 0.00 0.00 0.00 6.67 
2019  3.56 0.00 0.00 0.00 0.01 0.00 0.00 3.57 
2020  1.00 0.00 0.00 0.00 0.01 0.00 0.00 1.01 
2021  0.70 0.00 0.00 0.00 0.00 0.00 0.00 0.71 
2022  4.43 0.00 0.00 0.00 0.07 0.00 0.00 4.50 
2023  15.47 0.00 0.00 0.00 0.34 0.00 0.00 15.81 

 

Halodule wrightii was the dominant species of seagrass present in the ML throughout the monitoring 
period followed by S. filiforme. In 1999, the highest mean cover of H. wrightii was measured along the 
seagrass monitoring transects at 29.3%. By 2021, H. wrightii cover experienced a record low of 0.7%. The 
data following this severe decline indicate a potential recovery of H. wrightii cover, with a mean percent 
cover of 15.5% in 2023. 

Syringodium filiforme was the second dominant species for the period of record. In 2003, the highest mean 
percent cover was measured at 5.1% along the seagrass transects. However, S. filiforme has declined each 
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year since 2003, and was reported to have 0.0% mean coverage by 2017 following the algal blooms of 
2016. 

Ruppia maritima and H. engelmannii have been consistently observed at low mean percent cover, less than 
1%, since fixed transect monitoring began. Ruppia maritima has not been observed in the ML since 2013, 
when the mean percent cover measured 0.02%. Halophila engelmannii was also not observed in the ML 
during several years, with the longest absence occurring from 2015 to 2018. However, in 2023 H. 
engelmannii measured 0.34% cover, which is the highest mean percent cover of this species on record of all 
sublagoons, and may suggest potential recovery of this species in the ML. 

North IRL  
Seagrass extent in the North IRL has experienced tremendous loss compared to the 1943 benchmark, the 
majority of which occurred over the last decade. The areal extent of seagrass in the North IRL ranged from 
21,710 acres in 1943 to only 66 acres in 2021 (Figure 10 ). In 1943, the ratio of patchy to continuous 
seagrass was roughly 50/50, however by 2019 the patchy extent was 0% and only small areas of 
continuous seagrass have been reported since then (Figure 11, Figure 12 ). Patchy seagrass declined 
visibly after the 2011 superbloom and eventually diminished completely, as no patchy seagrass extent was 
reported in 2021, and only 58 acres of patchy seagrass was reported in 2023. Continuous seagrass was at 
its highest extent in 1999 when it reached 19,000 acres. Since then, continuous seagrass declined to an 
astonishing low 66 acres in 2021 and made some recovery in 2023 to 521 acres in the North IRL.  

 

 

Figure 10. Areal extent of seagrass by coverage class (acres) in the North Indian River  Lagoon. 
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Figure 11. Estimated 1943 seagrass areal extent  in the North IRL. 
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Figure 12. Estimated 2023 seagrass areal extent  in the North IRL. 
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In the North IRL, four out of the seven species of seagrass have been present throughout the period of 
record: H. wrightii, S. filiforme, R. maritima, and H. engelmannii (Table 4). Over the surveying period, mean 
percent cover of all species started at 23.0% in 1998, reached its highest mean percent cover in 2000 
(24.9%), its lowest cover in 2021 (0.01%) and rebounded slightly to its most recent mean percent cover    
to 0.4% in 2023. The maximum observed percent cover was 24.9% in 2000, and the minimum was 0.01% 
cover in 2021.  

Table 4. Mean percent cover of seagrass species along monitoring transects in the North Indian River Lagoon 
from 1998 to 2023.  

Year 
Halodule 
wrightii  

Syringodium 
filiforme  

Thalassia 
testudinum  

Ruppia 
maritima  

Halophila 
engelmannii  

Halophila 
decipiens 

Halophila 
johnsonii  

TOTAL 
% 

1998  14.05 1.41 0.00 7.28 0.24 0.00 0.00 22.97 
1999  18.43 0.22 0.00 1.81 2.88 0.00 0.00 23.34 
2000  22.23 0.57 0.00 1.26 0.82 0.00 0.00 24.88 
2001  17.18 0.57 0.00 0.27 1.59 0.00 0.00 19.60 
2002  10.95 1.40 0.00 1.23 0.82 0.00 0.00 14.39 
2003  15.56 3.07 0.00 0.55 0.57 0.00 0.00 19.75 
2004  18.43 0.80 0.00 0.17 0.37 0.00 0.00 19.76 
2005  8.32 1.83 0.00 2.21 0.06 0.00 0.00 12.42 
2006  12.39 1.83 0.00 2.66 0.31 0.00 0.00 17.20 
2007  9.56 0.85 0.00 0.01 0.67 0.00 0.00 11.10 
2008  12.46 0.54 0.00 0.22 0.39 0.00 0.00 13.62 
2009  14.69 1.55 0.00 0.30 1.68 0.00 0.00 18.22 
2010  15.71 2.70 0.00 0.37 2.47 0.00 0.00 21.26 
2011  11.38 3.59 0.00 0.01 0.02 0.00 0.00 15.00 
2012  6.72 0.36 0.00 0.01 0.02 0.00 0.00 7.11 
2013  13.93 0.58 0.00 0.02 0.02 0.00 0.00 14.54 
2014  15.57 0.56 0.00 0.01 0.05 0.00 0.00 16.18 
2015  11.08 0.61 0.00 0.33 0.07 0.00 0.00 12.09 
2016  1.51 0.01 0.00 0.01 0.00 0.00 0.00 1.53 
2017  3.02 0.00 0.00 0.00 0.00 0.00 0.00 3.02 
2018  2.09 0.00 0.00 0.05 0.01 0.00 0.00 2.15 
2019  0.54 0.00 0.00 0.00 0.04 0.00 0.00 0.58 
2020  0.04 0.00 0.00 0.01 0.01 0.00 0.00 0.06 
2021  0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 
2022  0.02 0.00 0.00 0.02 0.00 0.00 0.00 0.04 
2023  0.21 0.00 0.00 0.18 0.02 0.00 0.00 0.40 

 

Halodule wrightii  was the dominant species of seagrass present in the North IRL throughout the period of 
record. Halodule wrightii  cover in the North IRL was highest in the year 2000 when it reached 22.2% along 
monitoring transects and nearly diminished in 2021 with a record low mean percent cover of 0.001%. Data 
from 2023 report 0.2% coverage of H. wrightii in the North IRL seagrass beds.  

Syringodium filiforme has not been observed in the North IRL since 2020. A notable decrease in S. filiforme 
was reported after the superbloom in 2011, when mean percent cover decreased from 3.6% in 2011 to 
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0.4% in 2012. Syringodium filiforme declined in years following the superbloom and subsequent blooms 
until it was no longer found in surveys. 

Ruppia maritima was at its highest percent cover in 1998 (7.3%) and experienced its most dramatic 
decrease from 2006 to 2007 when cover dropped from 2.7% to 0.01%. Percent cover of R. maritima 
remained low from 2016 to 2022 and showed a minor recovery in 2023 (0.2% coverage).  

Historically, H. engelmannii was present in small percentages throughout the North IRL but was not present 
at all in the 2016-2017 and 2021-2022 surveys. 

Banana River Lagoon  
The BRL has experienced variable patterns in seagrass areal extent that differ from other sublagoons. In 
1992, 1999, and from 2003 to 2009, the BRL exceeded the 1943 benchmark of 16,396 acres of seagrass 
(Figure 13). The highest area of seagrass was recorded in 2007 with a total of 24,015 acres. Since then, 
areal extent decreased to a record low of 153 acres of seagrass in 202 with the most dramatic loss between 
2009 to 2011, when seagrass extent dropped from 23,777 acres to 3,143 acres. The 2011 superbloom 
began in the BRL before moving to other sublagoons (Kamerosky et al., 2015), likely contributing to the 
dramatic loss of seagrass.  

Overall, seagrass recorded in the BRL has been in continuous beds. Patchy seagrass was observed at its 
highest extent in 1992 (5,464 acres) but has not been observed since the algal superbloom of 2011. The 
167 acres of seagrass reported in 2023 were located north and south of Port Canaveral, FL (Figure 14, 
Figure 15). 

 

Figure 13. Areal extent of seagrass by coverage class (acres) in Banana River Lagoon. 

0

5,000

10,000

15,000

20,000

25,000

19
43

19
86

19
89

19
92

19
94

19
96

19
99

20
01

20
03

20
05

20
07

20
09

20
11

20
13

20
15

20
17

20
19

20
21

20
23

A
re

al
 E

xt
en

t (
A

cr
es

)

Areal Extent of Seagrass by Coverage Class for the Banana River Lagoon

Continuous Patchy



THE STATE OF THE INDIAN RIVER LAGOON TECHNICAL REPORT 
CHAPTER 6: HABITATS 

33 | P a g e 

 

Figure 14. Estimated 1943 seagrass areal extent  in the Banana River Lagoon. 
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Figure 15. Estimated 2023 seagrass areal extent  in the Banana River Lagoon. 
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The same four seagrass species present in the ML and North IRL, were also present in the BRL: H. wrightii, 
S. filiforme , R. maritima, and H. engelmannii (Table 5). All four species have decreased severely in the BRL 
since monitoring began in 1998. The total mean percent cover of these species has declined from its highest 
cover in 1999 (40.33%) to 0.5% in 2023. The maximum percent cover was observed in 1999 (40.3%), and 
the minimum was observed in 2018 and 2019 (0.02%) with a slight recovery observed in 2023 (0.5%). 

Table 5. Mean percent cover of seagrass species along monitoring transects in the Banana River Lagoon from 
1998 to 2023. 

Year 
Halodule 
wrightii  

Syringodium 
filiforme  

Thalassia 
testudinum  

Ruppia 
maritima  

Halophila 
engelmannii  

Halophila 
decipiens 

Halophila 
johnsonii  

TOTAL 
% 

1998  22.97 0.73 0.00 12.08 0.00 0.00 0.00 35.80 
1999  34.53 2.20 0.00 3.17 0.44 0.00 0.00 40.33 
2000  31.92 1.81 0.00 2.57 0.01 0.00 0.00 36.32 
2001  20.28 3.20 0.00 0.01 0.07 0.00 0.00 23.56 
2002  25.32 3.38 0.00 0.22 0.19 0.00 0.00 29.11 
2003  19.19 2.78 0.00 1.57 0.51 0.00 0.00 24.05 
2004  19.96 0.71 0.00 1.01 0.51 0.00 0.00 22.18 
2005  18.67 1.35 0.00 2.60 0.03 0.00 0.00 22.65 
2006  21.76 1.78 0.00 6.00 0.76 0.00 0.00 30.31 
2007  29.58 3.51 0.00 0.64 0.82 0.00 0.00 34.55 
2008  27.87 2.75 0.00 0.26 2.32 0.00 0.00 33.20 
2009  20.92 4.13 0.00 0.19 3.17 0.00 0.00 28.41 
2010  24.19 2.85 0.00 0.48 2.92 0.00 0.00 30.45 
2011  13.08 0.55 0.00 0.01 0.08 0.00 0.00 13.71 
2012  0.64 0.00 0.00 0.01 0.00 0.00 0.00 0.65 
2013  4.92 0.00 0.00 0.01 0.03 0.00 0.00 4.96 
2014  6.56 0.00 0.00 0.15 0.10 0.00 0.00 6.81 
2015  4.11 0.00 0.00 0.00 0.12 0.00 0.00 4.22 
2016  0.15 0.00 0.00 0.00 0.01 0.00 0.00 0.17 
2017  0.46 0.00 0.00 0.00 0.01 0.00 0.00 0.46 
2018  0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.02 
2019  0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.02 
2020  0.03 0.00 0.00 0.03 0.00 0.00 0.00 0.06 
2021  0.01 0.00 0.00 0.06 0.00 0.00 0.00 0.07 
2022  0.03 0.00 0.00 0.03 0.00 0.00 0.00 0.05 
2023  0.16 0.00 0.00 0.34 0.00 0.00 0.00 0.51 

 

Halodule wrightii was the dominant species of seagrass present throughout the monitoring  period, 
reaching its highest mean percent cover in 1999 (34.5%) and experiencing dramatic losses after the 2011 
superbloom, when cover decreased from 24.2% in 2010 to 0.6% in 2012. H. wrightii  recovered somewhat 
after the superbloom to a mean percent cover of nearly 7% in 2014 but was back to 0.15% cover by 2016 
during the brown tide bloom. Low mean percent cover of less than 0.03% was reported from 2018 to 2022, 
with a minor recovery in 2023 to 0.2%. 
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Syringodium filiforme mean percent cover varied year-to year, reaching the status of being the second most 
dominant species in the BRL during some years, however it has not been observed in the BRL at all after 
the 2011 superbloom. Similarly, the mean percent cover of H. engelmannii varied year-to-year, with no 
coverage reported in the year 2012 or since 2018.  

Ruppia maritima was reported at its highest mean percent cover in 1998 at 12.1% but has never come 
close to reaching that extent since then. By 1999, R. maritima was at 3.2% cover, reached its second highest 
mean percent cover in 2006 (6%) before it began to decline in 2007 reaching 0% in cover by 2015. R. 
maritima started to recover somewhat in 2018 with a mean percent cover of 0.01% and was the dominant 
seagrass species in the BRL in 2023 with a mean percent cover of 0.3%. 

Central IRL  
Areal seagrass extent has varied in the Central IRL, with 8,745 acres observed in 1943 to 5,394 acres in 
2021 (Figure 16). Although areal extent in the Central IRL is comparably lower than the ML, BRL, and 
North IRL, the Central IRL exceeded the 1943 seagrass acreage benchmark in the seven consecutive 
monitoring years from 1996-2009. After the 2011 superbloom, seagrass areal extent in the Central IRL 
decreased 78% from 12,214 acres in 2009 to 5,346 acres in 2011, before making a slight recovery to 7,460 
acres by 2015 and decreasing again to the current area extent of 2,801 acres in 2023, an overall loss of 77% 
of seagrass since 2009. 

Seagrass extent in the Central IRL has primarily been as continuous beds. Patchy seagrass was at its highest 
extent in 1992, making up 48% of the seagrass coverage but dropped to only 1% by 2021. The patchy 
seagrass loss occurred throughout the Central IRL, while the continuous seagrass beds were gained in the 
southern portion of the Central IRL, between Vero Beach and the Fort Pierce Inlet (Figure 17, Figure 18). 

 

Figure 16. Areal extent of seagrass by coverage class (acres) in the Central Indian River Lagoon. 
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Figure 17. Estimated 1943 seagrass areal extent  in the Central IRL. 
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Figure 18. Estimated 2023 seagrass areal extent  in the Central IRL. 
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All seven species of seagrass have been observed in the Central IRL during the POR although species covers 
varied dramatically with H. wrightii most prevalent and R. maritima and H. engelmannii least prevalent, 
eventually disappearing from transect surveys in 2022 (Table 6). Overall, the total mean percent cover of 
all species has declined from 29.8% cover in 1998 to 2.6% cover in 2023. 

Table 6. Mean percent cover of seagrass species along monitoring transects in the Central Indian River  Lagoon 
from 1998 to 2023.  

Year 
Halodule 
wrightii  

Syringodium 
filiforme  

Thalassia 
testudinum  

Ruppia 
maritima  

Halophila 
engelmannii  

Halophila 
decipiens 

Halophila 
johnsonii  

TOTAL 
% 

1998  21.78 4.65 1.35 0.30 0.06 0.03 1.59 29.76 
1999  21.17 4.98 1.51 0.18 0.05 0.01 0.09 27.99 
2000  21.43 4.51 1.34 0.11 0.11 0.86 0.21 28.55 
2001  17.55 5.23 0.26 0.00 0.15 0.60 0.67 24.46 
2002  10.70 5.43 1.05 0.01 0.02 0.06 0.01 17.29 
2003  13.96 5.53 0.90 0.01 0.01 0.32 0.23 20.96 
2004  15.36 2.69 0.73 0.15 0.23 0.40 0.81 20.36 
2005  11.84 1.86 0.82 0.69 0.04 0.02 0.14 15.42 
2006  14.35 3.04 1.36 0.05 0.05 0.74 0.19 19.80 
2007  11.23 3.65 0.96 0.01 0.11 0.06 0.47 16.49 
2008  10.37 2.12 0.68 0.01 0.73 0.57 0.43 14.91 
2009  10.66 1.95 1.00 0.00 0.38 0.41 0.54 14.95 
2010  11.38 2.12 1.04 0.03 1.10 0.14 0.38 16.20 
2011  5.49 1.81 0.79 0.00 0.00 0.04 0.00 8.13 
2012  1.91 1.50 0.48 0.00 0.00 0.10 0.01 4.00 
2013  2.92 1.45 1.03 0.03 0.02 0.19 0.12 5.75 
2014  3.71 1.25 0.43 0.01 0.13 0.63 0.17 6.33 
2015  6.23 1.07 0.33 0.00 0.11 0.53 0.16 8.42 
2016  1.34 0.12 0.07 0.00 0.00 0.43 0.28 2.24 
2017  4.19 0.43 0.09 0.00 0.01 0.57 0.23 5.52 
2018  3.98 0.11 0.07 0.00 0.01 0.11 0.34 4.62 
2019  4.53 0.52 0.07 0.00 0.00 1.06 0.20 6.39 
2020  1.40 0.02 0.02 0.01 0.01 0.55 0.86 2.86 
2021  1.40 0.03 0.01 0.00 0.01 0.43 0.37 2.25 
2022  1.39 0.04 0.00 0.00 0.00 0.27 0.63 2.33 
2023  1.91 0.06 0.01 0.00 0.00 0.49 0.17 2.64 

 

Halodule wrightii was the dominant species of seagrass present throughout the period of record. Compared 
to other sublagoons, the Central IRL maintained the most diversity following the series of algae blooms 
between 2011 and 2016, however critical losses were still observed. Data from 2023 indicate that H. 
wrightii  remained the dominant species (1.9%), followed by H. decipiens (0.5%), and H. johnsonii (0.2%). 

Syringodium filiforme was once the second most dominant species in the Central IRL but has steadily 
declined since 2003. It was recorded at its highest mean percent cover of 5.5% in 2003, and its lowest in 
2020 at 0.02%. It has slightly increased since 2020 with a mean percent cover of 0.06% in 2023. 
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Thalassia testudinum has only been observed in the Central IRL and South IRL, but after 2014, the mean 
percent cover decreased dramatically from 0.3% in 2015 to 0.07% in 2016. In 2023 T. testudimum was still 
present, though mean percent cover was observed at 0.01%.  

R. maritima and H. engelmannii have not been observed in the Central IRL transects since 2021 and 2022, 
respectively.  

South IRL  
The South IRL areal extent mapping includes portions of the St. Lucie Estuary and the Loxahatchee River, 
and the seagrass extent in these tributaries is included in the total acreages in Figure 19 . The areal extent 
of seagrass in the South IRL was highest in 1940 with an estimated 9,686 acres. 

Patchy seagrass comprised 59% of the seagrass extent in 1940 (5,585 acres), which has declined to <1% of 
the areal extent by 2023. Much of the seagrass loss from 1940 to 2023 was the patchy beds located 
between the Fort Pierce inlet and the St. Lucie Estuary, while continuous seagrass increased in extent south 
of the Fort Pierce inlet (Figure 20, Figure 21). The 2011 superbloom did not affect the South IRL seagrass 
as it began further north and elevated chlorophyll-a levels were observed primarily in the ML, BRL, North 
IRL, and Central IRL. However, seagrass cover may have been impacted by the extensive freshwater 
discharges from the C-44 canal that carried algae into the St. Lucie Estuary and South IRL in 2016, when we 
see a 31% reduction in areal extent.  

 

Figure 19. Total seagrass coverage by coverage class (acres) in the South Indian River Lagoon (SIRL). 
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Figure 20. Estimated 1940 seagrass areal extent  in the South IRL, St. Lucie Estuary, and Loxahatchee River. 
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Figure 21. Estimated 2023 seagrass areal extent  in the South IRL, St. Lucie Estuary, and Loxahatchee River. 
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In the South IRL, of the seven species of seagrasses in the IRL, all have been observed in the South IRL 
except R. maritima (Table 7). Over the monitoring period, the mean percent cover of all seagrass species 
declined from its highest extent in 1998 (26.6%) to just 3.2% in 2023, with the biggest single year decline 
occurring between 2015 and 2016 (50%). The Syringodium filiforme was the dominant species of seagrass 
until 2009 when H. wrightii became dominant. From 2018 to 2019, there was an increase in the percent 
cover of H. decipiens and H. wrightii, though decreases were observed thereafter.  

Table 7. Mean percent cover of seagrass species along monitoring transects in the South Indian River  Lagoon 
from 1998 to 2023.  

Year 
Halodule 
wrightii  

Syringodium 
filiforme  

Thalassia 
testudinum  

Ruppia 
maritima  

Halophila 
engelmannii  

Halophila 
decipiens 

Halophila 
johnsonii  

TOTAL 

1998  8.35 11.51 0.88 0.00 0.00 0.90 5.01 26.64 
1999  7.28 10.34 1.31 0.00 0.00 0.89 0.40 20.22 
2000  7.19 8.51 0.97 0.00 0.00 0.97 2.32 19.96 
2001  8.46 7.49 1.93 0.00 0.05 1.05 0.39 19.37 
2002  6.93 8.01 1.08 0.00 0.01 0.43 0.87 17.32 
2003  3.76 8.70 2.21 0.00 0.07 1.24 2.54 18.52 
2004  6.16 6.71 2.04 0.00 0.01 0.72 1.92 17.55 
2005  4.17 4.36 1.45 0.00 0.01 0.01 2.05 12.06 
2006  4.59 4.67 1.49 0.00 0.00 1.75 1.60 14.09 
2007  5.63 5.11 1.54 0.00 0.00 2.25 2.49 17.01 
2008  4.76 5.51 1.69 0.00 0.04 1.18 2.52 15.72 
2009  7.39 5.35 2.18 0.00 0.06 1.04 3.15 19.17 
2010  8.62 4.76 1.29 0.00 0.00 0.74 5.36 20.77 
2011  9.27 4.88 1.79 0.00 0.07 0.66 2.79 19.46 
2012  6.57 4.60 2.31 0.00 0.00 1.34 0.86 15.67 
2013  3.40 3.78 1.37 0.00 0.00 0.94 0.65 10.13 
2014  4.01 4.37 1.81 0.00 0.00 1.00 0.44 11.64 
2015  4.21 3.43 2.42 0.00 0.00 0.76 1.96 12.78 
2016  1.61 1.21 1.97 0.00 0.00 1.10 0.24 6.13 
2017  1.17 0.72 2.15 0.00 0.00 0.64 0.30 4.98 
2018  0.77 0.15 0.00 0.00 0.00 0.31 0.27 1.50 
2019  3.69 0.35 0.02 0.00 0.00 3.53 0.43 8.03 
2020  1.43 0.50 0.04 0.00 0.00 1.67 0.28 3.91 
2021  1.34 0.19 0.01 0.00 0.06 1.70 0.24 3.52 
2022  2.15 0.46 0.00 0.00 0.02 1.04 0.29 3.96 
2023  1.60 0.40 0.00 0.00 0.00 0.63 0.60 3.23 
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Macroalgae  

Drift Macroalgae  
Overall, the biomass of drift macroalgae throughout the IRL varied significantly in space and time. Overall, 
drift macroalgae was most prevalent in the North IRL during the summer and most prevalent in the South 
IRL during the winter (Figure 22 , Figure 23 ). 

 

Figure 22. Estimated dry weight of drift macroalgae along seagrass transects during the summer.  

 

 

Figure 23. Estimated dry weight of drift macroalgae along se agrass transects during the winter . 
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Mosquito Lagoon / North IRL  
The Mosquito Lagoon and North IRL encompasses reaches 1, 2, and 3 but reaches 1 and 2 are substantially 
larger than 3, which explains the big difference in drift macroalgae biomass between them (Figure 24). 
Mean biomass of drift macroalgae increased during the winter in reach 1 when seagrass growth is in 
senescence, while higher biomass was observed in reaches 2 and 3 in the summer months during the 
seagrass growing season. Periods of noticeably low drift macroalgae biomasses were observed from 2010-
2012, 2016, and 2019-2021, which are the years during and after the algal blooms in the North IRL. 
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Figure 24. Drift m acroalgae biomass (g/m 2 by dry weight) along monitoring transects in reache s 1-3 that 
correspond to the Mosquito Lagoon and North IRL. 
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North / Central IRL  
Reaches 5 and 6, which are located in the southern North IRL and the Central IRL, showed similar mean 
biomasses during the summer months (Figure 25). Overall, drift macroalgae biomass decreased in the 
winter months in reach 5, while increases were observed in reach 6 during the winter. A period of low 
biomass in drift macroalgae is apparent from 2011 to 2013, the years during and after the 2011 
superbloom and the subsequent brown tide. 

 

Figure 25. Drift m acroalgae biomass (g/m 2 by dry weight) along monitoring transects in reache s 5 and 6 that 
correspond to the North and Central IRL.  

  



THE STATE OF THE INDIAN RIVER LAGOON TECHNICAL REPORT 
CHAPTER 6: HABITATS 

48 | P a g e 

Banana River Lagoon  
The drift macroalgae biomass in the BRL (reach 4) varied seasonally throughout the monitoring period 
(Figure 26). From 2000 to 2003, drift macroalgae biomass increased in the winter compared with the 
summer months of the same years. After a year of low overall biomass in 2004, drift macroalgae was 
increased in the summer months from 2005 to 2009 compared to the winter months of the same years. 
Low biomass in drift macroalgae is also apparent in 2010-2012 and 2019-2020. After the algae blooms of 
2020, a recovery of drift macroalgae in the summer months was observed (to a mean of 3.99 g/m2 dry 
weight), though biomass remained low in the winter months of 2021-2023 (with a mean of 0.16 g/m2 dry 
weight). 

 

Figure 26. Drift m acroalgae biomass (g/m 2 by dry weight) along monitoring transects in reach 4 that 
correspond to the Banana River. 

 

South IRL 
Reaches 7, 8, and 9 cover portions of the South IRL, the St. Lucie Estuary and the Loxahatchee River. In this 
mean drift macroalgae biomass was higher overall in reach 7 compared to the other two reaches (Figure 
27). Seasonal differences were evident. Overall, reach 7 had the highest biomass values during the winter 
months, specifically from 2000 to 2002 as well as in 2006, although reach 9 experienced a notable increase 
in macroalgae biomass during the winter months of 2010.  
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Figure 27. Drift m acroalgae biomass (g/m 2 by dry weight) along monitoring transects in reache s 7-9 that 
correspond to the Southern IRL. 
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Attached Macroalgae  
The percent cover of Caulerpa spp. has varied over space and time in the IRL. In the monitoring period from 
2018 to 2023, the sublagoons with the highest percent cover have consistently been the BRL and the North IRL 
(Figure 28). Caulerpa spp. percent cover increased dramatically in the BRL from 2019 to 2020 and remained high 
through 2023 despite extensive algae blooms in 2020 to 2021. Overall, the cover of Caulerpa spp. has increased 
in the IRL from 2021 to 2023 with little seagrass recovery. 

 
 

Figure 28. Mean Caulerpa percent cover by sublagoon from 2018 to 2023 . 
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SUBCHAPTER – OYSTER REEFS, INFAUNA , AND EPIFAUNA  

INTRODUCTION  

Oyster Reefs 
The eastern oyster, Crassostrea virginica, is a keystone species of the IRL due in part to the essential habitat 
oyster reefs provide for other species like hard substrate for the recruitment of epifauna, foraging grounds 
for fish and birds, and bird nesting and roosting grounds (Barber et al., 2010; Shaffer et al., 2019). Oysters 
build reefs by attaching themselves to hard substrate, often dead oyster shells, and building upon each 
other over time to create a secondary reef structure (Bahr & Lanier, 1981). While oysters can be present as 
scattered individuals, their ecosystem services are most effective as a cohesive reef. Intertidal reefs that are 
emergent during low tides are functionally different from subtidal reefs that are always submerged. The 
oyster reefs in the IRL are primarily intertidal (Grizzle et al., 2002), with the potential to support a 
tremendous amount of biodiversity (Shaffer et al., 2019). Once oysters die, their shells break apart more 
easily and the foundation of the reef crumbles under external stressors, no longer able to support the other 
species that rely on them.   

Oysters are filter-feeders, siphoning their food from the surrounding water. The particles and nutrients 
filtered by oysters include sediments and phytoplankton, which benefit seagrasses by increasing light 
attenuation within the water column. Seagrasses also benefit from oyster biodeposits which act as 
fertilizers for the plants, and from the breakwater that the oyster reefs provide to protect the plants from 
increased wave energy that can uproot them (Grabowski et al., 2012). 

Because they have a high tolerance for a wide range of salinity, temperature, and oxygen conditions, 
oysters are well suited for estuaries like the IRL, although adequate salinity is important for oyster survival 
and reproduction (Bahr & Lanier, 1981; Wilson et al., 2005). In the IRL, excessive freshwater discharges 
from drainage canals like those discharging into the St. Lucie estuary can reduce salinity levels to less than 
10 parts per thousand for a long time, leading to osmotic stress and high oyster mortality (Wilson et al., 
2005, Mikkelsen et al., 1995).  

Oysters reproduce by releasing tiny free-floating larvae that settle onto hard structures and form spat. The 
ability of oyster spat to settle can be inhibited by several things, including siltation, predation, and habitat 
competition by other epifauna such as barnacles (Poirier, 2021; Boudreaux et al., 2009). Coastal 
development can impact oyster recruitment by replacing the natural structures for oyster settlement with 
seawalls and other hard shorelines. This leads to an increase in barnacles, thereby reducing available 
substrate for oyster recruitment (Boudreaux et al., 2009). Increasing warm waters has enabled an 
expansion of mangrove habitat into areas historically inhabited by oysters (McClenachan et al., 2021), 
resulting in less area for reefs, but potentially more places such as mangrove propagules and prop roots for 
individual oysters to attach. Another major source of oyster reef degradation is increased wave energy 
caused by boat wakes, that can increase reef sedimentation, smothering oysters or directly dislodging 
oysters from the substrate, resulting in high mortality and reef destruction (Grizzle et al., 2002; Boudreaux 
et al., 2009; Garvis et al., 2015).  
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Infauna and Epifauna  
Benthic infauna are organisms that burrow into soft sediments, including polychaetes, bivalves, and other 
macroinvertebrates. Benthic epifauna are much like infauna except that instead of burrowing into the 
sediment, epifauna live on top of the sediment as sessile or mobile organisms. Infauna and epifauna 
perform essential ecosystem functions such as carbon cycling through the consumption of organic matter, 
aeration and cycling of nutrients in sediments which increases sediment stability, and by providing prey for 
larger organisms (Sweat et al., 2021; Lunt et al., 2021).  

Over 400 species of mollusks have been identified in the IRL estuary, including 258 marine gastropods, 156 
marine bivalves, 3 chitons, and 3 cephalopods. There are five species that are endemic to the IRL system - 
one opisthobranch, Phyllaplysia smaragda, that is presumed to be extinct, and four "yoyo" clams of the 
genus Divariscintilla . The greatest number of mollusks rely on seagrass as their primary habitat, followed 
by sand, rock, and mud. Salinity was found to strongly affect species distribution with some mollusks 
inhabiting only ocean inlet areas and others preferring more estuarine conditions (Mikkelsen et al., 1995).  

Hard clams (Mercenaria mercenaria) have been a culturally and economically important fishery in the IRL 
that once contributed $Million to the local economy. Like oysters, clams start their life cycle as free-floating 
larvae that seek a hard surface to attach and “set”, and eventually burrowing into bottom sediments as they 
mature. Two major clam “set” events occurred in the IRL in recent history, assumed to be associated with 
ideal water quality conditions. The first major clam “set” occurred in the mid-80’s in the Central IRL. Prior 
to 1980, clam landings, or catches, averaged less than 12,500 bushels per year. In the mid 80’s, clam 
landings in the IRL reached a peak of 475,000 bushels before the population crashed due to over harvesting 
and changing water conditions (Galimany et al., 2020; MacKenzie et al., 2001). A second clam “set” occurred 
in the northern IRL in 1990-1991 was decimated by over-harvesting and low salinities by 1996 (MacKenzie 
et al., 2001). 

Increasing coastal human population has led to increased nutrient sources that have increased harmful 
algal bloom (HAB) frequencies (Lunt et al., 2021). Grazing organisms, including bivalves, help keep HABs 
under control from top-down pressure on the microalgal organisms (Galimany et al., 2020). The abundance 
of bottom-dwelling macroinvertebrates is vulnerable to prolonged HABs, and their numbers tend to decline 
further during more severe blooms (Lunt et al., 2021). Increasing muck sediment, composed of fine grained 
organic rich sediments, is also negatively affecting infaunal communities because they can’t survive in the 
low oxygen, high organic matter conditions (Johnson 2017). 
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METHODS 

Data sources  

Oyster Reefs  
Oyster reef data were obtained from the Florida Fish and Wildlife Conservation Commission (FWC) Oyster 
Beds in Florida database. IRL data included those compiled from the Loxahatchee River District (LRD), the 
Army Corps of Engineers (ACOE), and the University of Central Florida (UCF). 

Infauna and Epifauna 
Infauna and epifauna data were provided by the Smithsonian Marine Station (SMS) from their long-term 
study of the St. Lucie Estuary (SLE), Central IRL, and South IRL community structures. 

Methods 

Oyster Reefs  
The LRD mapped oysters throughout the northwest and southwest forks of the Loxahatchee River from 
July through September 2008 (Howard & Arrington, 2008). Visual observations were used to identify 
oyster reefs and live oysters. Reefs were mapped if they were larger than 1 m2 and had more than five live 
oysters. One to five 0.25 m2 quadrats were randomly placed on each reef and all oysters from the quadrats 
were collected, enumerated, and measured for shell height. The results were compared with those from a 
2003 LRD assessment. 

The ACOE performed characterizations of substrates and benthic habitats in the SLE and Loxahatchee River 
in 2010. Side-scan sonar was used from the 9 ft bathymetric contour to the shoreline within each survey 
area to classify substrate types by sediment composition. Oyster reefs were mapped using aerial 
photography in clear, shallow water, and side-scan sonar was used in deeper water. Fifty percent of the 
mapped reefs were randomly chosen, and four replicate 1 m2 quadrats were deployed on each of the 
selected reefs to determine live oyster density. All oysters within the quadrats were collected and counted 
and measured for shell height.  

UCF obtained color infrared imagery of the Mosquito Lagoon and Halifax River in 2021 from the St. Johns 
River Water Management District and hand-digitized the images to distinguish live oyster reefs from dead 
reefs (Benson et al., 2023). Non-continuous oyster clusters were not digitized as reefs.  

Infauna and Epifauna 
Smithsonian Marine Station conducted quarterly benthic infaunal field surveys 15 fixed sites in the 
southern half of the IRL (Figure 29) from February 2005 through April 2022 (Sweat et al., 2021). Sediment 
samples were collected in triplicate with a 225 cm2 petite Ponar and then sieved through 500 µm mesh. 
Taxa isolated from the sieving process were preserved in a 4-7% buffered formalin solution with rose 
bengal stain. Additional sediment samples were collected to determine volume of sediment per sample 
prior to sieving, and beginning in April 2009 sediment cores were collected with an Ogeechee corer to 5 cm 
for grain size analysis. Cores were stored at -20 °C until analysis. In the laboratory, two to four weeks after 
the infaunal samples were preserved, samples were sieved again through 500 µm mesh and fixed with 70% 
ethanol. Taxa were separated from sediment, enumerated, and identified under 6x magnification 
stereomicroscopy. Species were separated into six major taxonomic groups for analysis: Annelida, 
Amphipoda, Gastropoda, Bivalvia, Arthropoda, and Other (which includes Cnidaria and Echinodermata). 
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Figure 29. Map of benthic macroinvertebrate sampling locations . 
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RESULTS 

Oyster Reefs 

Mosquito Lagoon  
Oyster reef mapping data from 2021 were compiled for the Mosquito Lagoon and the Halifax River, with 
live and dead reefs distinguished from one another (Figure 30). A total of 68.6 acres were mapped, 
including 64.1 acres of live reef (93.5%) and 4.5 acres dead reef (6.5%). 

Garvis et al. (2015) mapped oysters in the Mosquito Lagoon in 2009 via the same methods used by Benson 
et al. in 2021 (Benson et al., 2023). In comparisons between 2009 and 2021 mapped data, Benson et al. 
(2023) found the number of live reefs increased by 5% but the coverage area of live reefs decreased by 
50.6%. The number and area of dead reefs both decreased by 6.9% and 57.9%, respectively (Benson et al., 
2023).  

While historical spatial data were not available, previous researchers have estimated temporal changes in 
oyster reef coverage in the Mosquito Lagoon dating back to 1943. Garvis et al. (2015) calculated a 24% loss 
in live reef area between 1943 and 2009. An updated data comparison by Benson, et al. (2023) showed a 
62.6% decrease in live reef area from 1943 to 2021. The study also found that reef persistence was reduced 
if located along a primary boating channel. 
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Figure 30. Live and dead oyster reefs in the Mosquito Lagoon in 2021. 
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Loxahatchee River  
The 2003 and 2008 oyster reef assessments were performed by the LRD to identify and map reef coverage 
in the northwest and southwest forks of the Loxahatchee River. The total oyster reef cover in 2003 was 
10.2 acres and in 2008 15.1 acres, a 39% increase in coverage with most coverage (90%) located in 
northwest fork (Table 8, Figure 32). The ACOE also did oyster mapping in the Loxahatchee River in 2010, 
though it did not include the northwest fork. The ACOE methods did identify 17.4 acres of oyster reefs 
throughout the Loxahatchee River, including the southwest fork (Table 8, Figure 32). Despite increased 
mapping efforts in 2010, oysters were not found in the main channel of the river and toward the IRL. 

Table 8. Number of mapped reefs and acreage in the Loxahatchee River in  2003, 2008, and 2010.  

 
2003  2008  2010  

# Reefs Acres # Reefs Acres # Reefs Acres 
Northwest Fork  48 9.5 56 13.9 -- -- 
Southwest Fork  24 0.7 35 1.2 -- -- 
TOTAL 72 10.2 91 15.1 -- 17.4 

 

The 2010 ACOE oyster reef mapping efforts in the Loxahatchee River included mapping of substrate types 
(Figure 33). The dominant sediment types were sand (51%) and muck (26%) (Figure 31a), and all of the 
oysters found were present on either sand, shell, rock (98%) or sand (2%) (Figure 31b). These data 
indicate that the oysters prefer a sand, shell, rock substrate for settling, and only 4% of the Loxahatchee 
River has that sediment type available for oyster recruitment. 

 

 

Figure 31. A) Sediment type distribution in the Loxahatchee Riv er and B) oyster distribution in the Loxahatchee 
River by sediment type. 
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Figure 32. Oyster reef coverage in the Loxahatchee River in 2008 and 2010. 
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Figure 33. Oyster reefs and substrate types mapped in the Loxahatchee River. 
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St. Lucie Estuary  
An oyster reef assessment performed by the ACOE in the SLE identified 185 acres of oyster cover in 2003 
and 346 acres 2010, an 87% increase over that period (Figure 35). The methods from the 2003 
assessment were not verified, which may affect the true nature of change. The 2010 ACOE oyster reef 
mapping effort included substrate types (Figure 36). Unlike the Loxahatchee River, the dominant substrate 
type in the SLE was muck (71%) (Figure 34a), and the majority of the oysters found were present on 
either shelly, sandy silt (73%) or sandy silt (26%) (Figure 34b). The shelly, sandy silt or sandy silt 
substrate types made up only 8% of the SLE. Although the majority of oysters were present in these 
sediment types, oysters tend to prefer harder substrate to attach and build reefs.  

 

 

 

Figure 34.  A) Sediment type distribution in the St. Lucie Estuary and B) oyster distribution in the St. Lucie 
Estuary by sediment type. 
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Figure 35. Oyster reef coverage in the St. Lucie estuary in 2003 and 2010. 
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Figure 36. Oyster reefs and substrate types mapped in the St. Lucie estuary in 2010. 
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Infauna and Epifauna  
Benthic sampling conducted by SMS identified 42 key taxa that drive community composition in the SLE 
and southern Central and South IRL that warrant further examination for their roles elsewhere in the IRL 
(Sweat et al. 2021, Table 9). 

Table 9. Forty-two key taxa identified by Sweat, et al. (2021) tha t drive community composition.  

Taxonomic Group  Taxon 

Annelida  

Capitella sp. 
Dipolydora socialis 
Fabricinuda trilobata 
Fabriciola sp. 
Glycera sp. 
Glycinde sp. 
Laeonereis sp. 
Laonome sp. A 
Laonome sp. B 
Lumbrineris sp. 
Mediomastus californiensis 
Mediomastus sp. 
Paraprionospio pinnata 
Polydora sp. 
Prionospio sp. 
Pseudopolydora sp. 
Scoloplos robustus 
Spiochaetopterus sp. 
Sternaspis sp. 
Syllis sp. 
Streblospio sp. 

Amphipoda  

Americhelidium americanum 
Ampelisca abdita 
Apocorophium sp. 
Caprella scaura 
Cerapus sp. 
Ericthonius brasiliensis 
Grandidierella bonnieroides 

Bivalvia  

Mulinia lateralis 
Mytilopsis leucophaeata 
Parvilucina sp. 
Polymesoda sp. 
Rangia sp. 
Tellina spp. 

Gastropoda 

Acteocina canaliculata 
Assiminea succinea 
Caecum pulchellum 
Cerithium sp. 

Cnidaria 1 Edwardsia elegans 

Cumacea2 
Cyclaspis varians 
Oxyurostylis smithi 

Isopoda 2 Amakusanthura magnifica 
1 Included in the “Other” major taxonomic group 2 Included in the “Arthropoda” major taxonomic group 
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Over the 17-year period of SMS monitoring, the Central IRL sites had the highest number of individuals 
(M12) with 220,552 individuals and the greatest diversity (M12 and M13), with 392 and 383 total taxa, 
respectively (Figure 37). Of the site where bottom salinity and benthic conditions were collected, there 
was a general trend of increased diversity with increased salinity and decreased fine sediments. Annelids 
were the most abundant taxonomic group at most sites, with bivalves showing dominances at sites M02, 
M03, M04, and M14 in the St. Lucie River (Figure 38). Sites M01 and M15, the farthest sites up the St. Lucie 
River, had the highest abundances of arthropods, with arthropods being the dominant taxonomic group at 
M15 over the course of the monitoring period (Figure 38). Sites M07 and M09 near the St. Lucie Inlet and 
sites M12 and M13 in the Central IRL had the most individuals, and total taxa (Sweat et al., 2021), with site 
M07 having the highest relative abundance of amphipods (Figure 38).  

 

 

Figure 37. Abundance of individuals (x 1000) and taxa by sit e from 2005-2022; average bottom salinity and 
percent fine sediment (<63 µm) by site from 2005 -2019. 
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Figure 38. Relative abundance of major taxonomic groups by site from 2005 -2022. 

 

There were steady increases in individual abundances from 2006 to 2009, reaching the highest number in 
2013 (91,635) and then declining through 2020 (Figure 39). The decline of individuals from 2016 to 2017 
was paired with the loss of over 50 taxa (Figure 39). Annelids were the most abundant major taxonomic 
group overall, however there was an increase in amphipod abundance in 2016 attributed to Cerapus sp. at 
site M7 in October 2016. (Figure 40, Sweat, et al., 2021). 
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Figure 39. Annual benthic macroinvertebrate abundances of in dividuals and taxa collected across all sites from 
2005-2022. 

 

Figure 40. Relative abundance of major taxonomic groups acro ss all sites from 2005-2022. 
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SUBCHAPTER – W ETLANDS  

INTRODUCTION  

Wetlands include a diverse set of transitional, semi-aquatic ecosystems that provide a wide array of 
landscape functions and economic values. Wetlands are often found in the gradient between the terrestrial 
and aquatic or marine habitats and are critical in many ways for maintaining the integrity of each. In the 
U.S., Florida has the second largest acreage of wetlands following Alaska (Carter, 1996). Florida’s wetlands 
cover nearly a third of the state and can be distinguished by characteristics such as landscape position, soil 
type, vegetation species, presence or absence of vegetation, topography, and hydrology patterns (Carter, 
1996). Wetlands play a crucial role within the IRL by filtering water flowing from tributaries, canals, 
stormwater drains, and other runoff sources into the lagoon (Smith, N.D.). In the IRL, the dominant wetland 
types immediately adjacent to the IRL shoreline are salt marsh and mangrove swamp. These wetlands 
provide foraging, breeding, and nursery habitat for marine and intertidal species, stabilize sediments, 
mitigate coastal flooding, protect shorelines against wave action, and slow the flow of stormwater to allow 
time for additional nutrient cycling. Mangroves have been shown to outperform seawalls and bulk heads 
against wave forces (Timm, 2017). The natural functions of wetlands can be impacted or impaired by 
anthropogenic activity, such channelization, development, and agricultural land use. 

According to the Florida Land Use and Cover Classification System (FLUCCS), several different freshwater 
and estuarine wetland classifications are present within the IRL watershed. Estuarine wetlands differ from 
freshwater wetlands in that they are regularly inundated by ocean-derived brackish or salt water with a 
salt concentration of 0.5 ppt or greater (FGDC, 2013). Due to the marine influence, estuarine wetlands 
exhibit unique hydrology and soil/water chemistry when compared to freshwater systems, and therefore 
provide habitat for a unique assemblage of plants and wildlife. For example, salt marshes in the IRL are 
often dominated by saltmarsh cordgrass, a plant species that is adapted to frequent flooding and high soil 
salinities (Northrop, 2022). In contrast, freshwater marshes are dominated by a higher diversity of salt -
intolerant grasses and sedges, and they primarily contain water derived from direct rainfall, non-tidal 
surface runoff, and shallow groundwater seepage.  

The salt marshes of the Indian River Lagoon are prolific breeding grounds for pest insects such as 
mosquitos and sand flies. Organized mosquito control along the IRL began as early as the 1920s (Platts et 
al., 1943; Rey & Connelly, 2001), and the impounding of salt marshes and mangrove swamps first began in 
the 1930s. In the late 1940s, pesticides and harsh chemicals such as DDT emerged as dominant forms of 
mosquito control, which were used indiscriminately in the IRL until the mid-1950s when mosquito 
resistance to pesticides and concerns over the environmental effects of DDT prompted a re-evaluation of 
the management strategies (Brockmeyer et al., 1996; Rey & Connelly, 2001). Consequently, there was a 
renewed focus on impoundments in the 1950s and 1960s (Brockmeyer et al., 1996). The purpose of 
creating mosquito impoundments was to raise water levels above the range required for mosquito 
reproduction, thereby combatting malaria, improving the living environment in coastal Florida, and making 
the land more habitable for humans. Although mosquito impoundments have been successful in alleviating 
mosquito populations, they have also resulted in negative impacts to wetland communities. Today, over 
31,000 acres (roughly 13%) of wetlands along the IRL are impounded for mosquito control.  

Historically, mosquito impoundments were artificially flooded to a stable water level year-round or left 
open to the lagoon to fluctuate with lagoon levels. This unmanaged style of impoundment caused 
imbalances and degradation of water quality; changes in the distribution, life cycles and diversity of fish; 
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and elimination of productive marsh vegetation (Rey & Connelly, 2001). To alleviate these negative 
ecological effects, modern management of many impoundments implements a process referred to as 
Rotational Impoundment Management (RIM), under which impoundments are flooded based on seasonal 
conditions and timed for the peak mosquito breeding season. The impoundment wetland systems are 
flooded with either freshwater or lagoon water, using culverts, pumps, operable control structures, dikes, 
and spillways to regulate the water levels (Figure 41). Outside of the mosquito breeding season, the RIM 
method allows water levels to fluctuate naturally during much of the year (typically October through May). 

  

Figure 41. Mosquito impoundment construction diagram (left),  and an IRL impoundment being flooded by a 
culvert (right) connecting it to the larger estuary  (Credit: L. Sweat via Indian River Lagoon Species inventory, 
n.d.). 

In addition to the hydrologic alterations from impoundments, much of the IRL’s historic wetland coverage 
was lost due to land conversion for agriculture or development. These conversions often involved 
channelization to lower groundwaters, filling wetlands in their entirety, converting wetlands to ditch or 
pond systems, or severing large wetlands into numerous smaller fragments. Fragmentation severely 
degrades the ecological integrity of wetland systems and contributes to loss in biodiversity and other 
important functions and services. The increased edge effects also drives the natural transformation of small 
wetland fragments into other habitat types, a process called “ecological succession” (Tabarelli, Lopes, and 
Peres, 2008). 

Most of the net losses to wetland area and function occurred before federal (Clean Water Act of 1972) and 
state (Wetlands Protection Act of 1984) laws instituted wetland protections. Since passage of these laws, 
development-related impacts to wetlands are typically compensated through creation or enhancement of 
other wetlands outside of the development site. This compensation process, referred to as ‘wetland 
mitigation’, involves large-scale wetland creation and restoration in a contiguous area (referred to as a 
’bank’) by a single entity, who then sells ‘credits’ to developers to offset impacts throughout the watershed. 
This process effectively promotes the replacement of small, scattered wetlands throughout a watershed 
with additions to larger contiguous areas, possibly reducing the overall wetland density (the number of 
separate wetlands per unit area). Notably, mitigation is not required for small, isolated wetlands smaller 
than 0.50 acres. While the focus on large, contiguous wetlands may result in ecological benefits such as 
enlargement of wildlife corridors; it could have adverse effects on wildlife taxa that are dependent on small, 
isolated wetlands (Toland, 1987).  
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METHODS 

Data sources  
To measure the aerial coverage of wetlands within the entire Indian River Lagoon (IRL) watershed, the most 
recent Florida Land Use/Land Cover (LULC) datasets were retrieved from two different sources. The 
SJRWMD provided data for Volusia, Brevard, and Indian River Counties, and the SFWMD provided data for 
St. Lucie, Martin, and Palm Beach Counties. In the LULC data, Wetlands are those records with a Level 1 
FLUCCS classification code of “6000.” These polygon features were extracted from the LULC data and utilized 
for this analysis. 

The LULC data are generally updated every five years, but the two agencies do not always conduct 
simultaneous revisions. For this analysis, the two sets of LULC data were categorized into the closest year 
consistent to both datasets (Table 10). For example, the 2016 SFWMD data and the 2014 SJRWMD data are 
both considered to be the year 2014 for analysis and discussion. 

Table 10. LULC Data Sources and Release Year 

 Analytical Year 
LULC Data Source 1999  2004  2009  2014  2020  
South Florida Water Management District  1999 2004 2008 2016 2018-19 
St. Johns River Water Management District  1999 2004 2009 2014 2020* 

*Note: SJRWMD 2020 LULC data were preliminary at the time of analysis 
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Wetland Classification  
Based on the LULC data, there are 25 different wetland classifications present in the IRL watershed. For 
purposes of this wetland analysis, the classifications were condensed into eight wetland groups (Table 11).  

 

Table 11. Wetland classifications used for analysis. 

Wetland Classification  Land Use Description  LULC Code 

Wetland Hardwood Forests  

Bay swamps 6110 
Bayhead 6111 

Mixed wetland hardwoods 6170 
Mixed shrubs 6172 

Cabbage palm wetland 6180 
Cabbage palm hammock 6181 
Cabbage palm savannah 6182 

Wet melaleuca 6191 
Mangrove Swamp  Mangrove swamp 6120 

Wetland Coniferous Forests  

Wetland coniferous forest 6200 
Cypress 6210 

Cypress-domes/heads 6215 
Cypress-mixed hardwoods 6216 

Pond pine 6220 
Cypress - pine - cabbage palm 6240 

Hydric pine flatwoods 6250 
Wetland Forested Mixed  Wetland forested mixed 6300 

Freshwater Marshes 
Freshwater marshes 6410 

Sawgrass marsh 6411 
Saltwater Marshes Saltwater marshes 6420 

Other Non-Forested 
Wetlands  

Wet prairies 6430 
Emergent aquatic vegetation 6440 
Mixed scrub-shrub wetland 6460 

Non-Vegetated Wetland  
Non-vegetated Wetland 6500 

Tidal creek 6510 
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Data Analyses  
Acreage of wetlands by type and by basin were summed in ArcGIS desktop software based on the 
unmodified LULC data vector polygons. Only land was considered in the land use of each basin area by 
removing the “Water” land use types. Net losses or gains were determined by comparing 1999 data to 2020 
data.  

Persistence Analysis  
To estimate watershed-level wetland loss, gain, and persistence trends, the LULC polygons were converted 
to raster data with grid cells of 10x10 meter (100 m2), which was the highest practicable resolution for 
geoprocessing at the scale of the IRL. The ‘Zonal Statistics’ analysis tool in ArcGIS Pro was used to compare 
the 1999 and 2020 rasters and determine the approximate acreage of loss, gain, and persistence of wetland 
acreage by basin. 

Fragstats Analysis  
A geostatistical software package, Fragstats (n.d.), was used for spatial pattern analysis to quantify wetland 
fragmentation in the IRL basin. Fragstats computes several statistics for each patch and class (wetland 
type) and for the collective landscape (McGarigal et al. 2002). The Fragstats analysis was conducted at a 
watershed scale for the entire terrestrial part of the IRL, excluding then open water area (lagoon/estuary, 
embayment, canals, etc.). Since fragmentation can lead to plant community change, the analyses were then 
repeated individually for eight wetland classes (Table 11). The analyses utilized the same raster resolution 
(10x10 m) as the Persistence analysis. A 10x10 raster resolution produced the maximum file size allowable 
within the Fragstats program. A detailed description of each of the metric rated by Fragstats is provided in 
McGarigal et al. (2002). Examples of selected metrics describing wetland fragmentation include the 
following: 

�x Number of patches  (#)  - Number of patches within the wetlands and wetland classes, excluding 
water. Each patch roughly correlates with a single, distinguishable wetland separated from other 
wetlands by uplands, development, or other features.  

�x Patch density  (# per square mile)  - The average number of distinct habitat patches in any 640-
acre (1-square mile) area of land. This roughly represents density of separate, distinguishable 
wetland systems (regardless of size).  

�x Total edge (miles)  - The sum of all edge distances (i.e., perimeter), of all wetland patches in the 
landscape. 

Mosquito impoundments  
Mosquito impoundment acreage data were provided separately for this analysis by the Volusia, Brevard, 
Indian River, Martin, and St. Lucie County mosquito control departments/districts. Palm Beach County did 
not report any mosquito impoundments as occurring within their portion of the IRL (specifically, the 
Loxahatchee River Basin). The impoundment data were all obtained as discrete datasets representing 
current impoundment extents and they do not include historic extents or changes over time. Using the 
‘intersect’ analysis tool in ArcGIS Pro, the mosquito impoundment data were evaluated to estimate percent 
coverage within each of the IRL Basins and by each wetland type. 
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RESULTS 

Wetlands 
Based on the 2020 LULC data, there are approximately 242,391 acres of wetlands in the IRL land area, 
making up roughly 18% of the entire watershed (Table 12). The St. Lucie basin contains the most wetland 
acreage, at roughly 64,397 acres. However, compared to the total size of the basin, wetlands make up only 
12% of the total land cover. The North IRL basin consists of the highest wetland coverage as a percent of 
total area, at approximately 41% of the total land cover. 

Table 12. Total wetland area coverage (acres) in the IRL wa tershed. Total Land Area in IRL Watershed Boundary 
excludes open water. 

IRL Basin 
Total Land Area in IRL 
Watershed Boundary 

(Acres) 

2020 Wetland  Area 
(Acres) 

% Wetlands 

Halifax River  106,968 32,961 31% 
Mosquito Lagoon  41,320 16,507 40% 

Banana River  48,329 10,121 21% 
North IRL  133,288 54,077 41% 

Central IRL 418,173 49,533 12% 
St. Lucie 516,071 64,397 12% 

South IRL 20,923 6,362 30% 
Loxahatchee River  37,267 8,433 23% 

Total  1,322,340 242,391 18% 

Overall, there has been a net increase of 5,883 acres within the IRL from 1999 to 2020 (Table 13). Figure 
43 through Figure 50 present areal illustrations of the loss, gain, and persistence of wetlands for each IRL 
basin. The St. Lucie basin has had the highest gain in wetland acreage of all basins from 1999 to 2020 (Table 
13, Figure 42). Over the past 20 years, wetlands in the St. Lucie basin have increased from 58,008 acres in 
1999 to 64,397 acres in 2020, a total gain of 6,394 acres. The North IRL has experienced the most loss in 
wetlands, from 56,909 acres in 1999 to 54,077 acres to 2020, which is nearly a 3,000-acre decrease. 
Appendix A  provides a detailed table of acreage changes of each wetland type with each basin. 

Table 13. Change in wetland acreage within the IRL watershed boundary over time.  

IRL Basin 1999  2004  2009  2014  2020  Loss/Gain 

Halifax River  34,460 33,211 33,389 33,315 32,961 -1,500 
Mosquito Lagoon  17,768 16,961 17,217 16,650 16,507 -1,261 

Banana River  Lagoon 10,620 10,328 10,619 10,276 10,121 -499 
North IRL  56,909 54,636 54,500 54,173 54,077 -2,832 

Central IRL 46,247 51,174 54,135 53,014 49,533 3,285 
St. Lucie 58,004 61,548 60,653 61,175 64,397 6,394 

South IRL 5,358 5,285 5,996 5,952 6,362 1,004 
Loxahatchee River  7,141 8,225 8,271 8,237 8,433 1,292 

Total  236,508 241,368 244,781 242,793 242,391 5,883 
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Figure 42. Wetland acreage in IRL Basins per year. 
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Figure 43. Loss, gain, and persistence of wetlands from 1999 to 2020 in the Halifax River basin.  
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Figure 44. Loss, gain, and persistence of wetlands from 1999 to 2020 in the Mosquito Lagoon basin. 
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Figure 45. Loss, gain, and persistence of wetlands from 1999 to 2020 in the Banana River Lagoon basin. 
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Figure 46. Loss, gain, and persistence of wetlands from 1999 to 2020 in the North Indian River Lagoon basin.  
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Figure 47. Loss, gain, and persistence of wetlands from 1999 to 2020 in the Central Indian River Lagoon basin. 
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Figure 48. Loss, gain, and persistence of wetlands from 1999 to 2020 in the St. Lucie Estuary basin. 
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Figure 49. Loss, gain, and persistence of wetlands from 1999 to 2020 in the South Indian River Lagoon basin. 
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Figure 50. Loss, gain, and persistence of wetlands from 1999 to 2020 in the Loxahatchee River basin. 
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The net acreage change between 1999 and 2020 is provided in Table 14 grouped by wetland classification. 
Wetland hardwood forest, the most dominant wetland type in the watershed, had the greatest increase in 
acreage over the years, gaining roughly 8,372 acres (Figure 51). Freshwater marsh, the second most 
dominant wetland type, increased by 4,919 acres since 1999 while mangrove swamp increased by 7,519 
acres. Some wetland types have suffered losses in acreage; most notably, saltwater marsh has decreased by 
9,359 acres since 1999.  

 

Table 14. Change in wetland acreage within the IRL watershed boundary over time.  

Wetland Classification  1999  2004  2009  2014  2020  Loss/Gain 
Freshwater marsh  46,308 48,791 49,611 51,087 51,227 4,919 
Mangrove swamp  20,395 20,286 23,097 24,046 27,914 7,519 
Non-vegetated Wetland  373 92 1,932 1,151 2,187 1,813 
Saltwater marsh  26,305 24,507 22,704 20,094 16,946 -9,359 
Other  Non-Forested Wetlands  37,521 43,792 37,063 36,265 33,314 -4,208 
Wetland Coniferous Forest  29,976 28,411 28,020 27,530 27,286 -2,690 
Wetland Forested Mixed  17,987 16,297 16,995 17,331 17,504 -483 
Wetland Hardwoods Forest  57,642 59,192 65,359 65,287 66,014 8,372 
Total  236,508 241,368 244,781 242,793 242,391 5,883 

 

The area of non-vegetated wetlands substantially increased from 373 to 2,187 between 1999 and 2020, an 
increase of 486%. Further investigation of this classification showed that over half of the reported increase 
was due to mapping inconsistency for sandbars and tidal flats near the St. Lucie inlet. Classification of these 
sandbars and flats has alternated between distinguishing them as ‘non-vegetated wetland’ and including 
them as part of the IRL ‘embayments’ category (FLUCCS 5000 series), with the chosen classification 
dependent on the water level at the time of the aerial imagery flight.   
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Figure 51. Wetland acreage within the IRL by wetland classif ication and by year.  

 

Fragstats Analysis  

Based on the Fragstats analysis for the entire IRL boundary, the number of wetland patches in the IRL basin 
decreased by about 395 wetland “patches” between 1999 and 2020, and the patch density slightly decreased 
from 9.93 to 9.74 patches per square mile. In contrast, the mean patch area has increased by 4.5%, and the 
total wetland edge has increased by roughly 74 miles. Collectively, these results suggest the following: 

�x Restoration or creation of wetlands may be contributing to an overall gain in acreage between 1999 
and 2020. 

�x Loss of small, isolated wetlands is possibly being compensated by gains within or adjacent to large, 
contiguous systems. 

�x Restoration or enhancement projects may be reconnecting wetlands that were historically 
segmented by ditches, impoundments, berms, or other artificial severances. 

Fragstats analysis was performed on each of the wetland types, or classifications, to understand how 
fragmentation affected different wetland communities. Table 15 outlines the metrics and change results 
for all wetlands classes from 1999 to 2020. The results can help further identify the gains and losses in 
wetland acreage provided in Table 14 and summarized below. 

 

0

10,000

20,000

30,000

40,000

50,000

60,000

70,000

1999 2004 2009 2014 2020

A
cr

es

Freshwater marshes Mangrove swamp Non-vegetated Wetland

Saltwater marshes Other Non-Forested Wetlands Wetland Coniferous Forests

Wetland Forested Mixed Wetland Hardwoods Forests



THE STATE OF THE INDIAN RIVER LAGOON TECHNICAL REPORT 
CHAPTER 6: HABITATS 

85 | P a g e 
 

Table 15. Fragstats analysis metrics and results for each wetland type.  

Fragstats 
Metric  

Year 
Freshwater 

Marshes 
Mangrove 

Swamp 

Non-
Vegetated 
Wetland  

Saltwater 
Marshes 

Other  
Non-

Forested 
Wetlands  

Wetland 
Coniferous 

Forests 

Wetland 
Forested 

Mixed  

Wetland 
Hardwood 

Forests 

Total Class 
Area (acres)  

1999  46,300 20,391 374 26,302 37,518 29,971 17,984 57,630 

2020  51,227 27,907 2,186 16,949 33,315 27,282 17,503 66,006 

Change 4,927 7,516 1,813 -9,353 -4,203 -2,689 -481 8,376 

Number of 
Patches (#)  

1999  7,180 1,476 108 1,260 5,272 1,495 1,040 2,913 

2020  6,568 1,846 268 922 4,701 1,571 1,228 3,245 

Change -612 370 160 -338 -571 76 188 332 

Patch Density 
(# per square 
mile)  

1999  2.86 0.59 0.04 0.50 2.10 0.60 0.41 1.16 

2020  2.62 0.74 0.11 0.37 1.87 0.63 0.49 1.29 

Change -0.24 0.15 0.06 -0.13 -0.23 0.03 0.07 0.13 

Mean Patch 
Area (acres)  

1999  6.45 13.82 3.46 20.87 7.12 20.05 17.29 19.78 

2020  7.80 15.12 8.16 18.38 7.09 17.37 14.25 20.34 

Change 1.35 1.30 4.70 -2.49 -0.03 -2.68 -3.04 0.56 

Total Edge 
(miles)  

1999  986 472 31 703 1,037 698 360 1,249 

2020  971 456 118 631 1,036 704 428 1,340 

Change -14.65 -15.51 86.89 -71.41 -1.02 5.85 67.70 90.83 
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Freshwater Marsh  
Freshwater marshes increased in area by roughly 4,927 acres, or 11%, between 1999 to 2020 (Table 15). 
The patch number decreased by roughly 612 patches. The mean patch area increased by an average of 1.35 
acres, or 21%. The total edge decreased by roughly 71 miles. The increase in area and mean patch size, 
alongside decreases in number of patches, patch density, and total edge, may indicate that freshwater 
marsh habitat within the IRL is increasingly being consolidated into larger and more compact patches. This 
may be occurring as part of the development and wetland mitigation process, due to the widespread 
replacement of small, isolated wetlands with large marshes in mitigation or restoration areas.  
 

Mangrove Swamp  
The total area of mangroves swamps increased by 7,516 acres, or 37%, from 1999 to 2020 (Table 15). The 
number of patches increased by 370, with mean patch size and patch density also slightly increasing. The 
increase in mangroves may be explained in part by the succession of former salt marsh as the northward 
range of mangroves moves northward. During the northward expansion, mangroves have also colonized 
prior open water areas or oyster reefs (McClenachan et al., 2021).   

 

Non -Vegetated Wetland  
Non-vegetated wetlands increased in class area, number of patches, patch density, mean patch area, and 
total edge. The area has increased by 1,813 acres from 1999 to 2020, which is a 486% increase (Table 15). 
The majority of this increase is due to mapping inconsistency for sandbars and tidal flats. Additional non-
vegetated wetlands occur along shorelines or mixed within saltwater marshes, mangrove swamps, and 
mosquito impoundments. Some small increases in non-vegetated wetland could be attributed to erosion or 
submersion of other types as a result of sea level rise or hurricanes.  
 

Saltwater Marsh  
The area of saltwater marsh decreased by 9,353 acres, or 36%, from 1999 to 2020, which is the largest 
acreage loss of all wetland types (Table 15). Additionally, saltwater marshes have decreased in number of 
patches by 338, mean patch area by 2.4 acres, and total edge by 71 miles. The substantial and rapid loss of 
saltwater marsh in the IRL may be, in part, due to succession to other habitats (e.g, mangroves) as the 
climate warms, and due to conversion to intertidal open water as sea level rises (FitzGerald & Hughes, 
2019; Fagherazzi et al., 2020; Alizad et al., 2016). Much of the encroachment of mangrove swamps into 
saltwater marsh habitats has occurred in the northern areas of the IRL, due to warming temperatures and 
less extreme freeze events (Chapman et al., 2021; Saintilan et al., 2014; Osland et al., 2022). Based on the 
LULC data, about 31% of the 1999 salt marsh habitat is now classified as mangrove swamp. Other former 
salt marsh is currently classified as ‘bays and estuaries’, ‘enclosed saltwater ponds’, ‘mixed scrub-shrub 
wetland’, and ‘non-vegetated wetlands’ (Table 16).  
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Table 16. Current (2020) classification of areas classified  as salt marsh in 1999. 

Saltwater Marsh Change (2020 Conditions)  Acres % Cover 

Bays and Estuaries 491 2% 
Enclosed saltwater ponds (within salt marsh ) 866 3% 
Mangrove swamp  8,170 31% 
Mixed scrub -shrub wetland  498 2% 
Non-vegetated Wetland  519 2% 
Saltwater marsh  15,184 58% 
Other  556 2% 

 

Other  Non -Forested Wetland s 
Other non-forested wetlands decreased by 4,203 acres (11%) and 571 patches from 1999 to 2020 (Table 
15). It should be noted that the classifications in this group (wet prairie, emergent aquatic vegetation, and 
mixed scrub-shrub) are often considered as habitat components of freshwater marsh systems. Wet prairie 
habitats are often converted to development without mitigation because they are typically isolated and less 
than 0.50 acres in size. Mixed scrub-shrub communities typically form in disturbed settings and are often 
targeted for development because of their poor habitat quality, which necessitates less wetland mitigation 
under Florida’s wetland rules.  

 

Wetland Coniferous Forest  
The total area of wetland coniferous forest has decreased by 2,689 acres from 1999 to 2020 (Table 15). 
While the total area decreased, the number of patches increased by 76, the mean patch area decreased by 
2.7 acres, and the total edge increased by almost 6 miles. These changes indicate that occurrences of 
wetland coniferous forest have become smaller, more fragmented, and less connected since 1999. Hydric 
flatwoods, a common type of wetland coniferous forest in the IRL watershed, often occurs naturally in 
expansive tracts or semi-linear flow-ways in flat landscapes. These types of features are hard to avoid on 
development sites and are often severed by road crossings or other impacts.  

 

Wetland Forested Mixed  
‘Wetland forested mixed’ (a community that is co-dominated by conifers and hardwoods) lost roughly 481 
acres between 1999 and 2020 (Table 15). In conjunction with the overall wetland loss, the number of 
patches increased by 188, the mean patch size decreased by 3 acres, and the total edge of wetlands 
increased by 68 miles. These trends are similar to wetland coniferous forest. In the IRL watershed, many 
occurrences of wetland forested mixed are flow-ways or historic coniferous forest that have partially 
succeeded to hardwood as a result of fire suppression or other landscape alterations. As stated above, 
impacts to these types of features are often difficult to avoid in development sites, leading to severance for 
road crossings or other impacts.   
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Wetland Hardwood Forest  
Wetland hardwood forest had the largest gain in wetlands compared to other wetland types, with a gain of 
approximately 8,376 acres, or 15%, from 1999 to 2020 (Table 15). With the gain in wetland area, the 
number of patches has increased by 332, the total wetland edge increased by 91 miles, and the mean patch 
size increased by 0.56 acres. Gains of wetland hardwood forest may be related to restoration efforts since 
1999, or through the process of ecological succession, in which non-forested wetlands convert to forested 
“climax” habitats. In the IRL, wetland hardwood forest may be a climax community for the other freshwater 
systems (Casey & Ewel, 2006; Kirkman et al., 2000; Middleton, 2016). Ecological succession is often 
accelerated when landscapes are developed, removing regulating natural factors such as fire and sheet 
flooding. 

Mosquito Impoundments  
In 2020, there were approximately 31,715 acres of wetlands impounded for mosquito control, which 
makes up roughly 13% of the total wetland coverage in the IRL basin (Figure 52). Of the IRL basins with 
impoundments, the South IRL basin has the highest proportion of impounded wetlands (46%) and the 
Central IRL basin had the lowest proportion, with only 10% of the wetlands impounded. Roughly one third 
of wetlands in the Mosquito Lagoon, Banana River Lagoon, and North IRL basins are impounded. There are 
no reported impoundments in the Halifax River, Loxahatchee River, or St. Lucie Estuary basins. 

 

 

Figure 52. Percentage of mosquito impounded wetlands and non-impounded wetlands by Basin.  
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Most mosquito impoundments occur in estuarine settings. A total of 13,301 acres of mangrove habitat 
occurs within impoundments, which accounts for nearly half (48%) of the total mangrove swamp (Table 
17). An additional 12,269 acres (72%) of the IRL’s salt marsh habitat occurs within impoundments. 

  

Table 17. Percent of wetlands that are impounded. Impounded  and non-impounded areas  are presented in 
acres. 

Condensed Categories 
Impounded 

Wetland  
Non-impounded 

Wetland  
Total Wetland 

Acreage 
% Impounded  

Non-vegetated Wetland  607 1,579 2,187 28% 
Other Non-Forested Wetlands  1,963 31,351 33,314 6% 
Wetland Coniferous Forests  8 27,277 27,286 <1% 
Wetland Forested Mixed  112 17,393 17,504 <1% 
Wetland Hardwoods Forests  2,881 63,133 66,014 4% 
Freshwater marshes  575 50,652 51,227 1% 
Mangrove swamp  13,301 14,613 27,914 48% 
Saltwater marshes  12,269 4,677 16,946 72% 
Total  31,715 210,676 242,391 13% 
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SUBCHAPTER - SHORELINES  

INTRODUCTION  

Shorelines include the vegetated banks of waterbodies as well as the shallow riparian area that work 
together to provide important ecological services like fish and macroinvertebrate habitat, nutrient 
assimilation and filtration, bank stabilization, and wave energy dissipation, an important safeguard against 
storms and sea level rise (Weaver & Stenho, 2024; Kibler et al., 2020; Janiak at al., 2018; Sime, 2005). In the 
IRL, the shoreline ecotone includes seagrass and mangroves, two important habitats for fish spawning that 
provide nurseries for the world’s most important fisheries (Cannon et al., 2020, Munsch et al, 2017). 
Anthropogenic impacts to shoreline habitat reduce or eliminate the important ecological services they 
provide, resulting in fishery declines, reduced carbon and nutrient uptake, and increased erosion and 
sedimentation.   

Gittman et al. (2016) defined shoreline hardening as “the installation of engineered-shore structures to 
stabilize sediment and prevent erosion and/or provide flood protection.” Engineered shorelines have been 
increasing within the IRL for decades with the use of seawalls or rip-rap, impounding, filling, or a 
combination thereof (Kibler et al., 2020, Nielsen et al., 2000). The impact that artificial  shorelines have on 
the ecosystem depends on number of things including the design dimension (i.e., width and slope) and the 
materials used in construction. Steep shorelines with greater slope decrease the riparian zone capacity for 
denitrification and increase wave energy, making them susceptible to future erosion and scour. Seawalls, 
one of the oldest engineered structures used to protect coastal areas, are typically vertical, smooth, 
concrete structures designed to hold back water and thereby prevent erosion. Scour occurs as the energy 
from high waves hits the hard structure and is displaced down where it moves and displaces sediments, 
forming a trench at the base of the structure and altering particle transport dynamics. Eventually, the 
changes in near shore currents that effect sediment erosion and accretion impact adjacent shorelines, 
which may suffer from greater erosion (Kibler et al., 2020; Neilsen et al., 2000). The harder and more 
vertical the structure, the more scouring occurs, causing passive and active erosion, redistributing 
sediments and impacting the benthic community. 

Constructing engineered shorelines with slopes of 1:3 and using materials that have irregular surfaces can 
help mitigate the problems associated with wave reflection and scour (Pilarczyk 1990). Slopes encourage 
wave breaking and therefore energy dissipation while irregular surfaces scatter the direction of wave 
reflection.  

Artificial structures in the IRL have been able to support some communities of marine epifauna, including 
the bryozoan Conopeum spp. and barnacle species Amphibalanus eburneus and Amphibalanus reticulatus 
(Janiak et al., 2018). While the abundance of these organisms may be high, the biodiversity of organisms on 
hardened structures is much lower than the biodiversity of epifauna in natural shorelines (Gittman et al., 
2016). 
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METHODS 

Data Sources  
Environmental Sensitivity Index (ESI) Maps and Data were retrieved from the National Oceanic and 
Atmospheric Administration’s (NOAA) Office of Response and Restoration (NOAA, 2023). The data 
available for the IRL region, part of the “East Florida” atlas, are from 1996 and 2020. The shorelines were 
classified and ranked according to their sensitivity to an oil spill. The classifications were used to determine 
the extent of different shoreline types in the IRL. 

Methods 
NOAA developed the ESI shoreline maps with data from overflights, aerial photography, remote sensing, 
ground truthing, and existing maps and data. The gathered data were compiled in Geographic Information 
Systems (GIS) databases for analysis.  

The NOAA data were sorted by their ESI ranks and combined into classification categories for the IRL 
(Table 18). Then each combined classification was assigned to either the Natural or Artificial categories for 
analysis. 

Table 18. NOAA ESI shoreline type codes. 

ESI 
Rank 

Estuarine Classification  Combined Classification  
Natural or 
Man-Made 

1A** Exposed, rocky shores Rocky Shores Natural 
1B Exposed, solid man-made structures Solid Structures Artificial  
2A* Exposed rocky platforms Rocky Shores Natural 
3A Fine- to medium-grained sand beaches Beaches Natural 

3B** Scarps and steep slopes (sand) Beaches Natural 
4 Coarse-grained sand beaches Beaches Natural 
5 Mixed sand and gravel beaches Beaches Natural 

6A Gravel beaches Beaches Natural 
6B Riprap Riprap Artificial  
7 Exposed tidal flats Tidal Flats Natural 

8A Sheltered rocky shores (1996) 
Sheltered scarps (Bedrock/Mud/Clay) (2020) 

Rocky Shores Natural 

8B Sheltered, solid man-made structures Solid Structures Artificial  
8C Sheltered riprap Riprap Artificial  

8D** Sheltered, Rocky, Rubble Shores Rocky Shores Natural 
9A* Sheltered tidal flats Tidal Flats Natural 
9B Vegetated low banks Vegetated Banks Natural 

10A Salt-and brackish-water marshes Marsh/Swamp/Mangroves Natural 
10B Freshwater marshes Marsh/Swamp/Mangroves Natural 
10C Swamps Marsh/Swamp/Mangroves Natural 

10D 
Scrub-shrub wetlands; Mangroves (1996) 

Scrub and shrub wetlands (2020) 
Marsh/Swamp/Mangroves Natural 

10F** Mangroves Marsh/Swamp/Mangroves Natural 
Notes 
*1996 only **2020 only 
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RESULTS 

The 1996 and 2020 mapping data showed little difference in miles of shoreline in the IRL with the 
exception of the Mosquito Lagoon which appeared to increase by 53% from 1996 to 2020 (Figure 53). 
Upon further investigation, the difference in Mosquito Lagoon shoreline is attributed to differences in 
mapping techniques, and not an actual increase in shoreline (Figure 54). Only the perimeters of island 
features were mapped in the Mosquito Lagoon in 1996, and the interior island ditches and more detailed 
island features were mapped in 2020. Similar mapping differences likely occurred in all basins.  

 

 

Figure 53. Miles of shoreline for each basin in 1996 and 2020. 
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Figure 54. Mapped Mosquito Lagoon shoreline in 1996 and 2020. 
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The extra miles of shoreline mapped in 2020 from ditches within larger features throughout the IRL also 
contributes to the apparent increase in the marsh/swamp/mangroves shoreline type from 1996 to 2020 
(Figure 55). Only 66% of the IRL shoreline was classified as marsh/swamp/mangroves in 1996, and 76% 
was classified as such in 2020.  

 

Figure 55. Shoreline types in the IRL in 1996 and 2020. 

 

Overall, the basin with the highest percentage of natural shoreline has been Mosquito Lagoon, with 93.6% 
natural shoreline in 1996 and 96% in 2020 (Table 19). In contrast, the St. Lucie basin has the highest 
percentage of artificial, hardened shoreline with 37.5% artificial shoreline in 1996 and 34.8% in 2020. The 
St. Lucie basin is much more developed along the shore of the estuary, especially along the main branch of 
the St. Lucie River, which accounts for the large proportion of hardened, artificial shoreline compared to 
other basins (Figure 56). 

Table 19. Percent natural and artificial shoreline types by  basin for 1996 and 2020. 

IRL Basin 
1996  2020  

Natural 
Shoreline (%)  

Hardened 
Shoreline (%)  

Natural 
Shoreline (%)  

Hardened 
Shoreline (%)  

Halifax River  84.1 15.9 85.5 14.5 
Mosquito Lagoon  93.6 6.4 96.0 4.0 
Banana River Lagoon 68.4 31.6 68.6 31.4 
North IRL  80.6 19.4 82.3 17.7 
Central IRL 83.4 16.6 81.7 18.3 
St. Lucie 62.5 37.5 65.2 34.8 
South IRL 74.6 25.4 72.0 28.0 
Loxahatchee 71.3 28.7 61.7 38.3 
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Figure 56. Natural and artificial shorelines of the St. Luci e Estuary in 2020.  
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DISCUSSION  

SEAGRASS 

Past and Current Patterns and Trends  
Morris et al. (2022) performed a comprehensive review of the trends and patterns of seagrass in the IRL 
from the data available at the time. Below is a summary of their major findings:  

�x Overall, there has been a 60% decrease in seagrass habitats throughout the IRL. From 2005 to 
2010, as the seagrasses expanded into deeper water, the biomass was redistributed from smaller 
patches with relatively high cover to larger patches with thin cover.  

�x From 2009 to 2011, the areal extent of seagrasses decreased by 43% (over 32,000 acres), with the 
North IRL and BRL experiencing the most extensive loss at 80 and 87%, respectively. This loss was 
reflected in decreased depths of Edge of Canopy (EOC) lengths ranging from 5% to 54% reduction. 
These findings are similar to those of the 1997 report for the Chesapeake Bay when the deep edges 
of seagrass beds decreased up to 50% as areal extent decreased (Lefcheck et al., 2017). Widespread 
decreases in standardized mean percent cover in 2010-2011 and again in 2016-2018 coincide with 
major algal bloom events in the North IRL and Lake Okeechobee discharges in the South IRL.  

�x After the 2011 superbloom there was a slight expansion of seagrass in 2013 and 2015, however the 
areal extent of seagrasses declined in 2017 and 2019 to approximately 58% of the pre-superbloom 
acreage (Morris et al., 2022). Aside from the ML and South IRL, which had relatively stable seagrass 
coverage until the drop in 2017, the expansion in 2013 and 2015 and subsequent decline is evident 
in each sublagoon.  

�x The decreases in mean percent cover were strongly related to reduced light availability from 
corresponding algae blooms, with the losses occurring after 2-3 months of exposure less than 27% 
of the subsurface irradiance. Temperatures and salinities did reach levels that caused some stress 
on the seagrasses, however their effects were mitigated when adequate light was available. The 
combination of enhanced phytoplankton blooms and subsequent shading with increased turbidity 
resulting from the loss of stabilized sediment from decreased seagrass presence created 
detrimental feedbacks placing significant stress on the IRL (Morris et al 2022).  

Ultimately, excessive loads of nutrients like nitrogen and phosphorus fueling phytoplankton blooms that 
shade seagrass beds are a major concern in the IRL. There are numerous studies that support the finding of 
anthropogenic stressors and nutrient loads as the primary cause of seagrass decline (Lefcheck et al., 2017; 
Breininger et al., 2017; Lapointe et al., 2020; Fletcher and Fletcher, 1995; Morris et al., 2021). Seagrass 
restoration efforts have been a prominent method of maintaining seagrass within the IRL and have proven 
to assist in the recovery of historically full and dense seagrass beds, however restoration methods come 
with a separate series of challenges (Rezek et al., 2019).  

Future Patterns and Trends  
There is a cycle starting in the IRL that can only be broken by reducing nutrient inputs to the system. As 
seagrasses are lost, more nutrients like carbon, nitrogen, and phosphorus become available for other 
primary producers like alga, which bloom intensely, shading out seagrasses, or macroalgae, like C. prolifera 
which are more shade-tolerant outcompeting seagrass for bottom habitat Although the shift throughout the 
IRL over the last decade from a mesotrophic, seagrass-dominated system to a eutrophic, micro- and macro-
algal dominated system seems sudden, there have been numerous stressors exerted on the system that 
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have contributed to this change and have been building for over a century. Efforts to improve water quality 
of the IRL, by reducing available nutrients, is the overarching approach taken by regulators and 
stakeholders to restore the seagrass beds. However, where these habitats have been damaged or lost, 
management practices have focused their attention on restoration efforts such as restoration of 
appropriate substrate for seagrasses (muck dredging) and planting seagrasses from nurseries. 

MACROALGAE  

Few studies investigating macroalgae within the IRL have been performed. Hall et al. (2022) provided the 
most comprehensive study, with data compiled from various monitoring programs (long-term fixed 
transects, seining, and hydroacoustic surveys) to try and identify any potential spatiotemporal patterns in 
drift macroalgae biomass.  

Hall et al. (2022) found that between sampling methods, significant variances in drift macroalgae biomass 
were widespread over time and space. However, periods of low biomass, particularly from 2010-2012 and 
2016, could be attributed to environmental stressors beyond the tolerance thresholds for drift macroalgae, 
including reduced light availability. As drift macroalgae play a vital role in sequestering nutrients, the 
reduced biomass throughout the IRL made nutrients available for uptake by other primary producers, such 
as phytoplankton. 

The study by Hall et al. (2022) highlights the need for a better understanding of drift macroalgae on an 
ecological level, particularly regarding abundance, distribution, and diversity. Identifying species 
compositions of macroalgae within the IRL along with known tolerances could assist in predicting the 
probability of bloom occurrences driven by climate change. For example, Chaetomorpha spp., which are 
found in the northern IRL and have a high temperature tolerance, may be more resilient to future extreme 
temperatures. Furthermore, Hall et al. (2022) call attention to attached macroalgae, such as C. prolifera, as 
these attached macroalgae species perform the same nutrient uptake role of seagrass as well as stabilizing 
sediments. 

The increase of Caulerpa spp. in recent years could interfere with the potential recovery of seagrass beds in 
the same areas. Caulerpa prolifera, the prevailing species of Caulerpa in the IRL, has been shown to 
interfere with the density and biomass of H. wrightii (Taplin et al., 2005). C. prolifera does favor deeper 
water, however, potentially allowing for the recovery of seagrasses inshore (Taplin et al., 2005). While a 
benthic macrophyte assemblage dominated by Caulerpa spp. can provide some of the same ecological 
functions as seagrass, it does not provide suitable food or habitat for fauna that depend on seagrass 
(Brewton & Lapointe, 2023). Until more long-term monitoring is performed to investigate the relationships 
between Caulerpa spp. and seagrasses in the IRL, it is unknown how increased Caulerpa spp. cover will 
affect the recovery of seagrass beds in the IRL.  

OYSTER REEFS 

Increases in oyster reef coverage were documented in the SLE and the Loxahatchee River from 2003 to 
2010. In the Mosquito Lagoon, although there was an increase in the number of live oyster reefs between 
2009 and 2021, the area covered by reefs was less than half the previous cover. The presence and 
persistence of oyster reefs in the IRL are not fully understood, though some factors, such as boat wakes, 
HABs, and sediment type, have been studied and can potentially aid in oyster restoration efforts. 
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The loss of oyster reef coverage in the Mosquito Lagoon indicated that fragmentation of large reefs into 
smaller reefs was occurring. One cause of reef fragmentation is boat wakes (Walters et al., 2021; Benson et 
al., 2023). Smaller reefs are especially vulnerable to the increased wave energy from boat wakes, and large 
reefs are more susceptible to fragmentation that leads to smaller reefs. Smaller reefs do not provide the 
same habitat quality for other species as larger reefs, thereby impacting the health of the estuary beyond 
the presence or absence of oysters. The proximity of oyster reefs is an important consideration for 
restoration planning, that applied throughout the IRL. The lack of oysters in the main channel of the 
Loxahatchee River, for example, could be attributed to increased wave action from boat traffic in that area 
compared to the northwest and southwest forks, though that has not been formally evaluated.  

Oysters in the Mosquito Lagoon suffered significant mortalities during the algal blooms in 2012, 2013, and 
from 2015-2016 contributing to decreased oyster viability in the Mosquito Lagoon. (Gobler et al., 2013; 
Walters et al., 2021). Oysters that settled during the 2012 bloom were significantly smaller than oysters 
that settled during the previous years’ algal blooms, furthering their vulnerability to external stressors 
(Gobler, et al. 2013). Mitigation of HABs in the IRL can help maintain the oyster populations, and increased 
oyster presence can further mitigate the effects of HABs through filtration of the phytoplankton from the 
water column. 

Sediment type is known to be an influence on the recruitment and settlement of oysters. Fine sediments 
with high water and organic content are not able to support the organisms. The transport of these fine, 
organic sediments onto existing reefs can also lead to oyster smothering. The data from the Loxahatchee 
River and SLE can be applied to other areas of the IRL to identify potential habitat for oyster settlement, 
and direct restoration efforts. 

Restoration efforts will be important to rebuild oyster populations in the IRL. Some methods include 
adding substrate material like shells or coquina or using mesh bags filled with oyster shells (Garvis et al., 
2015). The successful restoration of 1.62 acres of new oyster reefs in the Mosquito Lagoon helped make up 
for some of the extensive losses that occurred from 2009 to 2021 (Benson et al., 2023). Furthermore, 
oyster density on the restored reefs was higher than on reference reefs and led to the accretion of shoreline 
where there had been previous erosion (Walters et al., 2021).  
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Figure 57. Natural and restored oyster reefs in the Mosquito L agoon in 2021 . 
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INFAUNA AND EPIFAUNA  

While lagoon-wide infauna and epifauna data were not available, findings from research done by SMS in 
specific parts of the southern IRL provide a robust local dataset that may be applicable to similar regions. 

Spatial Variation  
Multiple studies in the IRL and elsewhere found that species richness and abundance of estuarine benthic 
infauna and epifauna are negatively correlated with fine sediments and positively correlated with salinity 
(Mannino & Montagna, 1997; Sweat et al., 2021). For example, Sweat, et al. (2021) found that sites with low 
salinity and high fine sediments exhibited less species abundance and richness than sites in the southern 
IRL that had high salinity and low fine sediments. Research by McKeon, et al. (2015) in the same region of 
the southern IRL found salinity was the main driver of bivalve species composition, with the lowest 
diversity and abundance found at sites with the lowest salinity. 

Salinity is also a factor for crustaceans, as it influences their osmoregulation processes requiring them to 
expend more energy in low-salinity environments. For example, there are two abundant species of hermit 
crab in the IRL, Clibanarius vittatus and Pagurus maclaughlinae, with the former being found near inlets 
where there is higher salinity (Rhodes-Ondi & Turner, 2010). Increased freshwater inputs would have a 
negative effect on the distribution of C. vittatus in the IRL. 

Infaunal species distributions are particularly affected by sediment composition, with smaller grain size 
inversely related to species richness and abundance (Lunt et al., 2021). Widespread muck deposits in the 
IRL prevent the establishment of infaunal communities in those areas. Muck removal projects have led to 
an increase in infaunal diversity and abundances post-dredging (Johnson 2017). Future muck mitigation 
and removal activities could lead to a more robust infaunal community in the IRL. 

A two-year infauna community study by Lunt et al., 2021, in the Northern portion of the IRL found that 
infauna diversity was higher in the Mosquito Lagoon (ML) than the North IRL or the BRL. The ML has 
higher salinity and larger grain sizes than sites in the other two locations, supporting the findings by Sweat 
et al (2021). The study also found that species abundance was lower in the summer and fall at all sites, 
likely related to fish spawning and increased predatory pressure on benthic epifauna and infauna.   

Epifaunal and infaunal communities represent complex food webs that provide nutrient internal and 
external cycling, by assimilating and ultimately passing nutrients from the sediments up the food chain 
through predator/prey relationships. Greater infaunal and epifaunal abundance can be found in areas of 
the IRL with high salinities and coarse sediments (i.e., near inlets), and that areas of low salinities and fine 
sediments (i.e., near tributaries and freshwater inputs) will have fewer infauna and epifauna. Some species 
that can be found only in freshwater environments are still important for the overall diversity of the 
estuary, so the value of these habitats should not be diminished. 

Temporal Variation  
The southern IRL research by SMS found a loss of biodiversity (54 taxa) across all monitoring sites from 
2015 to 2016 which coincided with a long-term freshwater discharge from Lake Okeechobee that brought 
with it several toxic algae, including a large, cyanobacterium Microcystis aeruginosa bloom (Sweat et al., 
2021, Kramer et al., 2018). While HAB toxicity on infauna/epifauna has not been studied closely, it along 
with decreased salinity, may have contributed to the loss of species (Sweat et al., 2021). The benthic 
community was further strained in 2017 with a 19% decline in abundance across all 15 SMS monitoring 
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sites, likely a result of heavy rains that led to both decreased salinity and increased fine sediments in the 
area (Sweat et al., 2021). 

Greater bivalve diversity improves the potential for plankton filtration and nutrient uptake that can 
mitigate algal bloom intensity (Galimany et al., 2020). Anthropogenic pollution sources lead to nutrient 
enrichment that fuels the proliferation of HABs, an issue that is exacerbated by the decline in filter-feeding 
organisms, especially clams and oysters (Galimany et al., 2020). Bivalve restoration efforts may help 
control widespread HABs in the future. 

Despite the loss of seagrass, infaunal and epifaunal communities could be supported by increased coverage 
of the green alga Caulerpa prolifera. Infauna and epifauna have not historically shown a difference in 
abundance between beds of the seagrass Halodule wrightii and the macroalgae C. prolifera in the IRL 
(Nelson et al., 2022). 

A living dock pilot program initiated by Florida Institute of Technology demonstrated that covering dock 
pilings below the seasonal low tide level with oyster shell covered mats will promote settlement of a 
number of benthic organisms including the eastern oyster (Crassostrea virginica), bryozoans 
(Schizobrachiella verrilli, Bugula neritina), sponge (Demospongiae), tunicates (Tunicata) and barnacles 
(Amphibalanus amphitrite, Amphibalanus eburneus). The study looked at species specific areas and seasonal 
variations, but overall demonstrated that many types of filter feeders throughout the IRL will settle on 
oyster mats, providing important filtration services (Gilligan et al, 2022).  

The variables found to influence the distribution of epifauna on living docks may be useful for 
consideration of larger benthic restoration efforts, particularly the episodic or long-term freshwater inputs 
that can cause sudden of chronic changes in salinity. In addition to salinity, efforts focused on restoring 
benthic macrofauna, must consider sediment composition, submerged aquatic vegetation, and the other 
pollutants carried by freshwater discharges. Successful restoration of complex benthic macrofauna habitats 
can help mitigate harmful algal blooms and improve benthic conditions. 

W ETLANDS  

While development pressure and mosquito control efforts have historically driven substantial wetland loss 
and fragmentation throughout the IRL, there has been a net increase in wetland acreage since 1999. 
Significant effort and expenditure have been invested for preservation of existing wetlands, creation of new 
wetlands, and restoration of altered wetland systems. In addition, federal and state regulations in place 
since 1972 and 1984, respectively, have required development to avoid, minimize, or mitigate wetland 
impacts, drastically slowing the rate of loss compared to the era prior to 1972. 

Examples of wetland creation, restoration, and conservation efforts in the IRL include: 

�x South C-44 Reservoir and Stormwater Treatment Area  – This project co-managed by the ACOE 
and the SFWMD involved the construction of a 3,400-acre reservoir, 6,300 acres of stormwater 
treatment areas, and approximately 3,600 acres of new wetlands on land that was formerly used 
for agriculture. Work began in 2015 and was completed in 2021. The C-44 reservoir is part of a 
greater ‘Indian River Lagoon-South’ restoration project that includes additional planned reservoirs 
and restoration areas that will result in a total wetland creation area of approximately 9,000 acres 
and a total wetland restoration area of 53,000 acres in St. Lucie and Martin counties by 2031. When 
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complete, the overall Indian River Lagoon-South project will be one of the largest wetland creation 
and restoration events in the history of the IRL (ACOE, n.d.).  

�x Flagler County Wetland Restoration Project  – The SJRWMD and numerous partners are 
conducting rehabilitation of over 625 acres of restoration of dragline-impacted wetlands in Volusia 
County. This project involves filling in the dragline ditches, restoring natural marsh elevations, 
planting native vegetation, creating living shoreline, and installing oyster reefs (SJRWMD, 2020).   

�x The Merritt Island National Wildlife Refuge  - Managed by FDEP, this wildlife refuge protects 
critical mangrove swamps and salt marsh habitats in the Mosquito Lagoon, Banana River Lagoon, 
and the North IRL. The Refuge’s Comprehensive Conservation Plan includes management goals of 
restoring former citrus groves to mesic hardwood hammock, reconnecting and restoring 
impounded wetlands, preventing further development through conservation, and promoting 
restoration programs to increase habitat acreage and species diversity. (USFWS, 2008). 

�x Indian River Lagoon Preserve State Park  – This state park was historically composed of coastal 
dunes, maritime hammocks, salt marsh, and mangrove swamp before it was converted to citrus and 
other crops in the late 1800s. In 2004, FDEP began managing and restoring the area to natural 
condition by removing over 150 acres of citrus groves, invasive plant species, and soil 
contaminants. Restoration is ongoing to continue to improve habitat conditions for birds, fishes, sea 
turtles, and manatees (FDEP, 2015). 

�x Coastal Oaks Preserve – Combined efforts of the SJRWMD, Florida Department of Transportation 
(FDOT), and Indian River Land Trust have restored 35 acres along the Central IRL. The project has 
restored native plant species, removed exotic plant species, and improved habitat for wildlife 
species, particularly migratory and wading birds (SJRWMD). 

While wetlands are trending in a positive direction overall, the continuing loss of salt marsh habitat may be 
of concern. Currently, a series of overlapping regulations strongly deters private entities from constructing 
new development in salt marsh habitat; therefore, direct human activity (e.g., dredge and fill) is not 
expected to be a major source of loss in the future. However, salt marsh in the IRL is becoming increasingly 
vulnerable to effects of climate change. As mean temperatures increase and the frequency and severity of 
winter freeze events decrease, mangroves have been expanding in range into the northern IRL, naturally 
displacing former salt marsh communities (Giri & Long, 2014, Cavanaugh et al., 2019). In addition, 
accelerating sea level rise at the coastline threatens to submerge salt marsh habitat, converting it to open 
water intertidal habitat. These trends could be irreversible in the long term, and salt marsh may continue 
to gradually disappear from the IRL over the next several decades, further imperiling species that depend 
on the habitat, such as Atlantic salt marsh snake.  

SHORELINES  

Mosquito Lagoon has the highest percentage of natural shoreline due in part to its shallow nature, and 
fragmented islands each with edge area (shoreline). Furthermore, because it borders the Merritt Island 
National Wildlife Refuge and the Canaveral National Seashore, little shoreline development is occurring. 
Most of the Mosquito Lagoon shoreline has a high percentage of marsh, swamp, and mangroves, although 
some of it has been impacted by the creation of impoundments that leads to habitat fragmentation and 
disrupts the ecological and physiographic functions (Larson, 1995). 

Fragmentation has also affected the St. Lucie Estuary. Dredging in the north fork of the St. Lucie River has 
led to the flood plain being cut off from the river’s main branch (Sime, 2005). Since the main branch of the 
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river can no longer reach the flood plain, there is decreased shoreline spatial extent and decreased habitat 
for juvenile fishes (Sime, 2005). 

The restoration of degraded and hard-armored shorelines and the installation of living shorelines is an 
ongoing effort to improve the overall condition of the IRL (Kibler et al., 202; Brockmeyer et al., 2022). In the 
Mosquito Lagoon, living shoreline stabilization and monitoring efforts began in 2011 and have successfully 
stabilized 2.6 miles of shoreline (Brockmeyer et al., 2022). Methods used for the Mosquito Lagoon living 
shoreline restoration program included a combination of the installation of oyster shell mats and bags for 
recruiting oysters, planting of smooth cordgrass, and planting of mangroves (Donnelly et al., 2017). 
Continued monitoring of the restored shoreline in the Mosquito Lagoon revealed that mature mangroves 
lead to higher recruitment than seedlings and that plants in the lower intertidal zone are more prone to 
negative effects of waves and boat wakes than those in the middle to high locations (Donnelly et al., 2017). 

Another method of restoration is through the hydrologic reconnection of fragmented habitat. Restoration 
of habitat fragmentation can be achieved in mosquito impoundments through the addition of culverts 
through impoundment dikes to restore hydrologic flow and by filling the ditches with dike material to 
bring back to the adjacent wetland elevations (Brockmeyer et al., 2022). 
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DATA GAPS AND RESEARCH NEEDS 

SEAGRASS 

�x A continued and consistent approach to seagrass mapping and monitoring among lagoon segments 
is needed to systematically compare seagrass and macroalgae changes over time and space. The use 
of satellite imagery may provide a relatively easy and regular method for capturing coverage 
seagrass and macroalgae coverage information at large spatial scales.  

�x Research is needed to better understand the extent and viability of seagrass seed banks in 
sediments throughout the IRL. 

�x Substrate mapping and refined bathymetry data are needed across the Lagoon to target critical 
habitat for seagrass restoration efforts. 

�x Research to better understand key drivers of seagrass health and how they will be impacted by 
climate change factors such as warming temperatures, changes in precipitation and salinity, wind 
and wave patterns, and sea level rise. Targeting the seagrass species that are most adaptable to 
changing conditions may be key to seagrass restoration in the IRL successfully enduring climate 
change.  

MACROALGAE  

�x A method should be developed and implemented for more detailed monitoring of macroalgae 
throughout the IRL. Historical datasets for macroalgae are temporally and spatially limited and few 
macroalgae monitoring programs are currently in place. Macroalgae monitoring would establish a 
baseline of coverage, abundance, and species diversity to detect changes over time as well as 
identify potential relationships between macroalgae and seagrass within the IRL.  

�x Drift macroalgae are an important nutrient sink if it is removed from the system. A facilitated effort 
to target and remove macroalgae at the end of its life cycle before it dies could be a tremendous 
nutrient reduction method.  

OYSTER REEFS, INFAUNA , AND EPIFAUNA  

�x Spatially and temporally patchy oyster reef datasets do not provide a comprehensive status of 
oyster viability across the IRL. Developing a methodological process for implementing consistent 
and on-going data collection can help guide benthic epi/infauna restoration project siting and 
evaluation.  

�x Better understanding of benthic conditions like sediment size and hard structures as well as salinity 
over time can advise project locations for oyster and clam restoration.   

�x Wave action from boat traffic is also an important factor in infauna and epifauna recruitment and 
success. Planning restoration away from popular boat channels can help maximum success.  

�x More widespread, long-term infauna and epifauna research is needed to better understand 
variations in community composition throughout the IRL and their potential ecological services, 
including nutrient cycling, prey/predator interacti ons, and sediment stabilization among others. 
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�x Research on seasonal conditions that affect community composition can help predict climate 
change related impacts on species diversity and abundance.   

�x Sediment composition is key to healthy benthic communities. Watershed efforts to reduce sediment 
erosion into waterways and environmental dredging that removes accumulated fine sediments in 
the IRL are key to managing infauna and epifauna communities. 

W ETLANDS  

�x The long-term viability of the salt marsh habitat type in the IRL is unknown. Future modeling 
efforts could integrate factors such as mangrove range expansion and sea level rise to quantify the 
rate or amount of projected salt marsh habitat loss over time. Future efforts could also examine the 
potential for salt marsh to shift to new areas as sea level increases, potentially replacing coastal 
uplands or freshwater marsh. These efforts could examine the potential for restoration areas to 
promote formation of salt marsh under present conditions and future sea level rise and climate 
scenarios.  

�x Future efforts could describe or quantify the ecological value of small, isolated wetlands throughout 
the IRL watershed, which appear to be especially vulnerable to development. These efforts could 
examine the future projected loss of these wetland types based on location inside and outside of 
conservation areas or easements. If projections indicate that certain ecological values are at risk 
from loss of these isolated wetlands, then added protections or development review processes at 
the local government scale may be advisable to fill the gaps in federal and state protections.  

�x Although wetlands are known to filter and reduce excess nutrients and contaminants, there is a lack 
of quantified data regarding filtration and nutrient removal specific to the wetland types within the 
IRL watershed. Future efforts could measure the removal efficiency across different wetland types 
and different basins in order to prioritize certain types that warrant additional pr eservation, 
restoration, or creation focus. Future efforts could also quantify the overall nutrient reductions 
provided by wetlands for each IRL basin as a proportion of total load, which could be useful for 
identifying areas deficient in wetlands and further justify efforts and expenditures to create or 
restore wetlands.  

SHORELINES  

�x Large-scale mapping efforts do not provide sufficient data to fully evaluate changing shoreline 
conditions in the IRL over time and space. The development of a more comprehensive mapping 
program, including in-depth shoreline assessments, on a more frequent basis can help identify at-
risk shorelines and prioritize shorelines for restoration. 

�x Further research into IRL shoreline hydrodynamics can also help determine at-risk natural 
shorelines and prioritize mitigation and policy efforts to protect them. 

�x The extent of artificial shorelines can be studied to determine those that can be restored and the 
methods that can be used to accomplish restoration, such as living shorelines or hydrologic 
reconnections. 
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APPENDIX A 

Table A-1. Wetland types within each basin (acres) for each  LULC year from 1999 to 2020. 

IRL Basin Wetland Categories  1999  2004  2009  2014  2020  

Halifax River  

Freshwater marshes 1,312 859 913 758 742 

Mangrove swamp 1,138 1,199 1,301 1,628 1,961 

Non-vegetated Wetland 1 0 63 36 71 

Saltwater marshes 2,130 2,055 1,948 1,586 1,246 

Other Non-Forested Wetlands 6,530 7,102 5,096 5,062 4,210 

Wetland Coniferous Forests 9,915 8,724 9,052 9,011 8,964 

Wetland Forested Mixed 5,701 5,952 6,483 6,811 6,795 

Wetland Hardwoods Forests 7,734 7,321 8,533 8,424 8,973 

Mosquito Lagoon 

Freshwater marshes 540 483 591 592 605 

Mangrove swamp 2,576 3,406 4,919 5,492 7,889 

Non-vegetated Wetland 163 37 354 252 491 

Saltwater marshes 9,420 8,384 6,800 5,737 3,186 

Other Non-Forested Wetlands 1,198 1,303 1,177 1,209 1,085 

Wetland Coniferous Forests 147 134 130 11 10 

Wetland Forested Mixed 341 665 703 735 699 

Wetland Hardwoods Forests 3,383 2,550 2,544 2,623 2,541 

Banana River  Lagoon 

Freshwater marshes 2,100 2,128 2,165 1,980 1,715 

Mangrove swamp 1,732 1,751 2,468 2,428 2,754 

Non-vegetated Wetland 12 11 166 13 35 

Saltwater marshes 1,913 1,720 1,217 1,255 873 

Other Non-Forested Wetlands 2,756 2,713 2,666 2,732 2,722 

Wetland Coniferous Forests 16 16 32 33 33 

Wetland Forested Mixed 426 342 351 342 439 

Wetland Hardwoods Forests 1,666 1,646 1,554 1,493 1,549 

North IRL  

Freshwater marshes 5,329 4,788 4,653 5,020 4,673 

Mangrove swamp 2,181 1,769 1,851 1,868 2,496 

Non-vegetated Wetland 164 38 373 108 453 

Saltwater marshes 12,567 12,123 12,021 11,370 11,529 

Other Non-Forested Wetlands 7,914 8,215 7,772 8,203 6,919 

Wetland Coniferous Forests 2,303 1,395 1,364 1,192 1,166 

Wetland Forested Mixed 7,654 5,551 5,279 5,274 5,338 

Wetland Hardwoods Forests 18,797 20,757 21,189 21,138 21,503 

Central IRL 

Freshwater marshes 11,030 12,395 12,465 13,209 11,137 

Mangrove swamp 6,964 6,440 6,805 6,850 6,984 

Non-vegetated Wetland 20 4 346 111 142 

Saltwater marshes 250 206 627 124 93 

Other Non-Forested Wetlands 11,097 14,200 13,202 12,147 11,056 

Wetland Coniferous Forests 6,397 7,211 8,351 8,215 7,931 
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IRL Basin Wetland Categories  1999  2004  2009  2014  2020  

Wetland Forested Mixed 1,805 1,752 2,719 2,708 2,766 

Wetland Hardwoods Forests 8,683 8,966 9,620 9,651 9,424 

St. Lucie Estuary  

Freshwater marshes 23,052 24,657 25,195 25,894 28,695 

Mangrove swamp 981 965 972 970 978 

Non-vegetated Wetland 8 0 17 17 17 

Saltwater marshes 11 11 10 10 5 

Other Non-Forested Wetlands 7,392 9,197 6,468 6,265 6,555 

Wetland Coniferous Forests 9,324 9,051 7,153 7,131 7,208 

Wetland Forested Mixed 1,907 1,874 1,231 1,231 1,237 

Wetland Hardwoods Forests 15,330 15,792 19,606 19,656 19,703 

South IRL 

Freshwater marshes 340 344 378 373 376 

Mangrove swamp 4,540 4,467 4,494 4,524 4,566 

Non-vegetated Wetland 6 2 615 615 977 

Saltwater marshes 15 9 81 11 12 

Other Non-Forested Wetlands 5 13 9 9 9 

Wetland Hardwoods Forests 452 452 419 419 421 

Loxahatchee River  

Freshwater marshes 2,605 3,136 3,250 3,261 3,284 

Mangrove swamp 284 289 286 286 287 

Other Non-Forested Wetlands 629 1,050 672 638 758 

Wetland Coniferous Forests 1,873 1,881 1,938 1,938 1,973 

Wetland Forested Mixed 153 160 231 231 231 

Wetland Hardwoods Forests 1,597 1,709 1,894 1,883 1,901 

Total  236,508  241,368  244,781  242,793  242,391  
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