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LIST OF ACRONYMS AND ABBREVIATIONS

ACOE Army Corps of Engineers

BRL Banana River Lagoon

°C Degrees Celsius

cm Centimeters

cmz Square centimeters

EOC Edge of Canopy

ESI Environmental Sensitivity Index

FDEP Florida Department of Environmental Protection
FDOT Florida Department of Transportation
FLUCCS Florida Land Use and Cover Classification System

g/m?2 Grams per Square Meter

GIS Geographic Information Systems

HAB Harmful Algal Bloom

FL Florida

ft Feet

FWC Florida Fish and Wildlife Conservation Commission
IRL Indian River Lagoon

LRD Loxahatchee River District

LULC Land Use/Land Cover

m Meters

m2 Square meters

ML Mosquito Lagoon

um Micrometers

NOAA National Oceanic and Atmospheric Administration
RIM Rotational Impoundment Management

SFWMD South Florida Water Management District
SJRWMD St. Johns River Water Management District

SLE St. Lucie Estuary

SMS Smithsonian Marine Station
sp. Species (singular)

spp. Species (plural)

TMDL Total Maximum Daily Load
UCF University of Central Florida
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SUMMARY OF FINDINGS

SEAGRASS AND MACROALGAE

BACKGROUND

X

X

2012, 2016, 2018, and 2020reducini seairasses further

STATUS

There are seven species of seagrass in the IRL tipadvide numerous ecosystem services.
Considered critical habitat for several listed speas, seagrass provides important spawning
grounds for fish and are akey source of food for the Florida manateand green sea turtle
Seagras®salso sequester water column nutrients and reduce skment resuspension.

There are over 212 unique species of macroalgde the IRL,which can directly compete with
seagrass for habitat. Of particular concern i€aulerpa proliferawhich is more resilient to poor
water quality and substrate conditionsthan seagrasses

The Total Maximum Daily Loads (TMDLSs) for the subdgons are based on seagradight
requirements assessed bysing a join of transect data and areal coverage to estate the deep
edge for three speciesialodule wrightii, Syringodium filiforme andThalassia testudinumThe St.
Johns River Water Management District and South Fida Water Management District perform
bi-annual aerial surveys of seagrass coverage and seamnual field measurements along 97 fixed
transects to determine the status of the IRL seagsa.

In 2011 there was a major algal “superbloom” whiclieduced water clarity for several months
resulting in a substantial loss of seagrass coveragAdditional blooms have occurred since then in

X

Seagrass beds throughout the IRL have severely deeld from their historical range in 1943. The
largest seagrass losses occurred in the Banana Riv€entral IRL north of the Sebastian Inlet, ang
North IRL. The Mosquito Lagoon, Central IRL soutli the Sdvastian Inlet, and South IRlhave
77% of the remaining seagrass coverage.

Seagrassspecies diversity has also declined with onl{dalodule wrightii and Halophila
engelmanniiidentified along the established monitoring transets in recent years

Theamount of drift macroalgaebiomass showedsubstantial annual and seasonal variationswith
generally more biomass recorded in the North IRL ithe summer and in the South IRL in the
winter.

No comprehensive estimation of macroalgaspp, especiallyCaulerpa proliferacoverage has been
performed in the IRL to date however efforts are underway at SIRWMD to initiata
comprehensive Caulerpa monitoring method.

TRENDS

X

In the 1940s, approximately 72,900 acres of seagrasvere present in the IRL, which variedver
time and reached a maximum extent of 79,600 acres in 2009, exceedirige 1940s benchmark.
Following the 2011 algal “superbloom” over 33,860 eres of seagrassvere lost, bringing
estimated coverage to an estimated 45,710 acre&fter the extensive brown tide,Aureoumbra
lagunensis algal bloom in 2017, seagrass coverage declinkdther to 38,209 acresBy 2021,
seagrass in the IRL reached its lowest coverage (B00 acres) with a slight rebound in 2023 to
24,500 acres of total seagrass coverage.

Reductions in drift macroalgae biomass in 2012012 and 2016 were likely caused by reduced
light availability and extreme temperatures, and sbhsequently allowed for the uptake of nutrients
by phytoplankton during bloom events.
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OYSTER REEFS, INFAUNA , AND EPIFAUNA

BACKGROUND

X

KEY FINDINGS
STATUS

Clams and oysters were once important local fishegs in the IRL, contributing $Millions to the
local economy annually until the early 1990s when &ith fisheries collapsed, potentially due to
extensive overfishing, changes in salinity, waterral sediment canditions, or a combination
thereof.

In addition to being a food source, oysters are efmgical engineers that build reefs which are alsg
essential habitat for other organisms, including h and birds. Oysters are efficient filtefeeders
that can help mitigate harmful algal blooms by impoving water clarity.

Oyster research in the IRL has been focused primbyriin the Mosquito Lagoon with some
additional research conducted in the St. Lucie Esty and Loxahatchee RivelResearch on
infauna and epifauna has been focused the St. Lucie Estuarand South IRL.

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

X

X

There are over 400 species of mollusks in the IRIncluding five endemic species, one of which
that is presumed extinct

Increased wave energy caused by boat wake activiagnd harmful algal blooms negatively affect
the recruitment and survival of oysters in the IRLThe presence of fine, organic rich sediments
also prevents the settlement and recruitment of oyrs.

Infauna and epifauna species richness and abundanaes most affected by salinity and sediment
grain size, with high salinities and course sedimdn associated with increased species richness
and abundance.

TRENDS

X

X

Live oyster reef coverage in the Mosquito Lagoon balecreased since 1943, but recent
restoration efforts have improved the ratio of liveto dead reefs.

The introduction of fine sediments, cyanobacteriallooms and toxins, and decreased salinities
have resulted from increased freshwater inputs frondrainage canals and storm events that have
negatively affected the species richness and abunaiege of infauna and epifauna species in the St,
Lucie Estuary, including oysters.

174
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W ETLANDS

BACKGROUND

X

KEY FINDINGS

STATUS

Wetlands are diverse ecosystems that providessential wildlife habitat and a wide array of
ecosystem services. Wetlands can stabilize shoredig, store floodwater filter contaminants,
improve water quality, and serve as essential halats for fish, crustaceans, and birds.

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

To provide a picture of recent and current trendsthis chapter investigates the changes to
wetlands in the IRL watershed over the period of reord from 1999 to 2020 using available
Florida land use/land cover data.

In the IRL,intertidal wetlands include salt marshes and mangrove swampavhich provide
habitat and nursery grounds for marineand intertidal animal and plantspecies.

X

There are approximately 242,391 acresf wetlandsin the IRL, covering about15% of the
watershed.

There has been a net increase in wetland acreage®883 acres from 1999 to 2020 The St. Lucie
basin had the highesttotal gain of 6,394 acregrom 1999 to 2020, while the North IRL has
experienced the most loss in wetlandsvith nearly a 3,000-acre decrease.

Wetland hardwood forestis the most dominant type of wetland in the IRL wadrshed andhas
seenthe highest increase in acreage since 1999, gainimgughly 8,372 acresSaltwater marsh
has decreased by 9,359 acres since 1999, which is theegtest wetland lossamongthe wetland
types.

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

Wetlands in the IRL basin have decreased in numbef patches and density. However, total
wetland edge distances and the average patch sizaue increased. These findings suggest that
although development has likely decreased the numbef wetland areas, estoration and
mitigation have compensated for wetland loss and lted in a net gain in wetland area within
the IRL basin.

TRENDS

X

X

From 1999 to 2020, roughly 26,448 acres of wetlandwere lost, 32,328 acresvere gained, and
209,835 acres persisted, resulting in an overall ga in wetland acreage of roughly 5,880 acres.
Recent wetland loss in the IRL basin has occurred primarily due to lahdevelopment, while
recentwetland gain has been a result cécosystem restoration projectsand permit-required
wetland mitigation.

Saltwater marsh in the IRL appears to be rapidly ddining, most notably as a result of successior
to mangroves as the mangrove freeze line moves nort

Small, isolated wetlands appear to be decreasingrtiughout the watershed in favor of additions
to large, contiguous wetlands.
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SHORELINES

BACKGROUND

X Healthy, natural shorelines are important for the @erall health of the IRL to maintain good water
quality and habitat for a diverse assemblage of oegpisms.

x Shoreline research has been limited in the IRL, witfew widespread mapping efforts performed
over the last few decades. Limited, halepth research has been focused in and around prateed
areas in the Mosquito Lagoon.

KEY FINDINGS

STATUS
X Most shorelines throughout the IRL are natural, thagh many of the natural shorelines exhibit
anthropogenic influence.
x Restoration of artificial shorelines through the irstallation of living shorelines has helped
improve the quality of IRL shorelines and restoreheir ecological functions.

TRENDS
X Increases in urban development along the shores tie IRL have steadily disrupted the natural
shorelines of the IRL through shoreline hardeningrad habitat fragmentation.
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INTRODUCTION

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

TheIRL ecosystem is affected by landscapEhanges pollutant pressures, and climate change stressors
discussed in other sections of this report. Nutriehloading (a landscape stressor) and climate chandeve,
arguably, the largest impacts on the ecosystem. Eeasive nutrient loadingis driving eutrophication
causing a suite of negative impacts such as hypoxissh kills,decreased water clarity seagrass lossegnd
excessive amounts oAccumulatedorganic sedimentmatter onto benthic habitats. Increased temperature
precipitation, and sea levels as a result of climatchange can reduce diversity within the habitatsshange
species composition, change the amounts of primaproduction (thus affecting dissolved oxygenrevels and
water clarity), and alter habitats through flooding

The chapters in this section present findings aboypast trends and recent status of théour IRL habitats.
For some of these indicators, the data reveal cle&rends, while for others the available data are limited
and contain high amounts of variability that maketidifficult to discern long-term trends. Moving forward,
the indicators presented here can be used to asselsw habitats in the IRL areresponding to management
actions and climate change.
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SUBCHAPTER —SEAGRASS AND MACROALGAE

INTRODUCTION

Seagrass

Seagrasses are floweringlants that live submerged in marine and estuarinenvironments. Theyprovide
numerous ecosystem functions, from fisheries enhaeenents and coastal erosion reduction/sediment
stabilization to water quality improvement and carlon storage (Reynolds et al., 2019; Rezek et al.,12).
Because of their apacity for storing large amounts of organic carbon in their laves and rhizomes, seagrass
bedsare an importantlong-term carbon sinkthat canhelp mitigate climate change (blue carbon)
(Mazarrasaet al., 2018). In the Indian River Lagoon (IRL), agrasses provide critical fish habitatstabilize
benthic sediments, and maintainnutrient dynamics.

It is not surprising that all sevenof Florida’'s seagrass species occur in the IRtonsidering the estuary’s
location acoss warm-temperate and subtropical biogeographic regions andts tremendous diversity of
depths,temperature, salinity, and lightconditions (Virnstein, 2000; Morris et al., 2021) The seagrass
species occupy different ecological niches, with ste found in more southern areas and others northern
some in shallow water and othes in somewhatdeeper water. Therefore, it is important to view each basin
and each seagrass species separately and not jusbk at the big picture Details on the severseagrass
species in the IRlare provided below and images aréncluded in Figure 1.

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

X Syringodium filiforme , or manatee grass, is consumed preferentially by matees when available.
Its blades are cylindrical with two to four bladesthat come up from eactnode andgrow up to 14
inches. It is typically found at depths of around %eet (ft), and not commonly found in shallow
water.

x Halodule wrightii , or shoal grass, is the most common of the sevesagrass species, and
historically can be found lagoorwide. It can tolerate a range of salinities and growsiiless than 6.5
ft depths. It grows in clusters originating from asingle node, reaching up to 10 inches long, with
notches at the tips.

X Ruppia maritima , or widgeon grassgenerally grows in shallower water, commonly found in les
than 1 ft depths. The blades grow from a sheath, drare characteristically wider at the base and
taper to a long point at the tip. This species clety resemblesH. wrightii, however lacks the notches
at the tips.

x Halophila engelmannii, or star grass, is typically found in the northerrportion of the IRL. It grows
in spirals of 4 to 8 bladeswith smaller blades than other seagrass speciagaching about 1 inch
long. As the name suggests, this species grows frasingle stem in a statike pattern.

X Halophila decipiens, or paddle grass, is unique in that it is an annuapecies, growing only in the
warmer months. It is typically found south of the 8bastian Inlet at deeper depths. The blades are
smaller than most species, growing to about 1 incim length, and have a pddle-like shape.

x Halophila johnsonii , or Johnson’s grass, grows only in the southern lfiaf the lagoon. The blades
grow in short pairs from a single node, reaching upo 2 inches long, and can form in dense patches
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in shallow or deep depths. The species name was d&m in honor of J. Seward Johnson Sr., founder

of Harbor Branch Oceanographic Institution in ForPierce, FL.
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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 hSJRWMD and the SFWMD thatiesd 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 alnst every other year to estimate lagoofwide seagrass
coverage using stereoscopic analysis and phctoterpretation keys. Aerial imagery was collectedn 1992,
1994, 1996, 1999, and 2003 and every 2 yearhéreafter.In 1994, seventytwo (72) fixed seagrass
monitoring transects were established in the IRL tht have been surveyed at least twice a year in sunan
and winter to capture the maximum and minimum seagss abundance (Morris et al., 2022; Virnstein and
Morris, 1996). In 2011, the number of transectsvas increased to 97. The goal of the fixed transects wado
guantitatively, non-destructively, and rapidly sample seagrass speciekensity and depth of occurrence.
Each seagrass transect is a graduated line that erds perpendicular to shore out to the deep end diie
seagrass canopy (EOC), defined as the point beyontich percentcoverin1nm “— ft"f—e¢ t7'7¢ —* s~
cover for 30 m (Morris et al., 2022). Measurementare taken from each 1 raguadrat along the transect
that include percent occurrence for each species drquadrat cover for each species and beginning ird28,
also included water depth, and the total transeciength from the shore to the EOC (Morris et al., 202
Morris et al., 201). The established seagrass transects are suneaxymore frequently to provide more fine
scale data on species composition and temporal chges as well as to verify and ground truth the covage
estimates from the aerial imagery (Morris et al., @22). Seagrass coverage estimates from SIRWMD 1943
and SFWMD 1940 aerial imagery were used to estatiidenchmarks for restoration.

Like canaries in the coalmine (Orth et al, 2006) emgrasses act as an indicator of ecosystem health,
providing a functional link between water quality and biota (Virnstein, 2000). Because they are sensit to
environmental changes and require abundant light, stablished seagrasslepth targets were usedto inform
state and federal regulations (Steward et al., 20Q05As part of theTMDLs established for areas of the IRL,
nutrient targets were established based on the light requirements foseagrass (Gao, 2009; Gao and Rhew,
2013), integrating the ecological driver (nutrient pollution) and condition (sea grass depth) into the
managementframework.

Seagrass monitoring in the IRL has showaramatic shifts in coveragesince monitoring began in1992. The
1943 benchmark goal of 72,90@&cres of seagrass wasurpassedin the 2009 (79,074) right beforea cycle
of regular algal blooms intensified, effectively shading outrad killing over 60% of seagrass besland
reducing seagrass coverage overall to less than P00 acres by 2021 (Lapointe et al., 2020; Morris el.,
2021). The seagrass decline started with the first algdsuperbloom” in the North IRL and Banana River
Lagoon(BRL)that started in the South Mosquito LagooriML) in late winter of 2010, reached maximum
coverage of theML, BRL, and North IRL by October 201land was completely gone (along with over 33,000
acres ofseagrass) by March of 2012Figure 2). After the superbloom there was a minor recovery of
seagrass acreage in the IRL, with an increase ofanly 25,000 acres of seagrass by the year 2015, wie
another series of algal blooms initiated includingan unprecedented brown tide bloom @Aureoumbra
lagunensi$ that causeda widespreadfish kill covering the southern ML, BRL, and part of the North IRb
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 frused extensively on seagrasses with very few stuati
on macroalgae. Macroalgae provide important habitadnd are generally considered extensions of seagsas
beds as they are often found growing together (Virstein and Howard, 1987).Some of the first studies to
characterize macroalgae diversity in the IRL occued 40-60 years ago, with collections focused mostly
near the Fort Pierce and Saint Lucie Inlets (Hanika2021; Phillips and Ingle, 1960). Monthly samplig to
evaluate the abundance and diversity of macroalgand seagrasses in the central Mosquito Lagoon for a
two-year period was conducted by Abgrall and Walters (03), though no consistent temporal patteris
were identified. An analysis carried out by Breithapt et al. (2019) of the vegetative wrack that
accumulated on the shoreline in the central Mosquit Lagoon reported that red and green algae were the
most abundant during the winter and spring, but netigible in the summer and fall. In 2008, Littler et &
published the bookSubmersed Plants of the Indian River Lagoahich provided a better picture of
macroalgae diversity in the IRL and identified dataaps. Overall, 212 species of marine macroalgae e
identified, which included 130 newly recorded spea@s (Hanisak, 2021).
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Themacroalgae in the IRLcan be classified into three taxonomic groups: Phyin Rhodophyta (“red algae™),
Phylum Chlorophyta (“green algae”), anBhylum OchrophytaClass Phaeophyceae (“brown algae™)
(Hanisak, 2021). In general, drift macroalgae in #nIRLare dominated by red algae, specificallzracilaria
spp. (Figure 3), though drift macroalgae are more difficult to sarple because they are moved by wind and
water currents (Hanisak, 2021; Benz et al., 1979Attachedrhizophytic macroalgae, e.gthe chlorophyte
Caulerpa prolifera(Figure 3), are also commonly occurring in the IRL (Taplin et al2005).

Drift macroalgaeplay animportant role in the ecology of estuarine systemsproviding habitat for
organisms as well as carrying out their roles as jpmary producers that cycle carbon, nitrogen, and
phosphorus (Hall et al., 2022). Excess nutrientsplvever, can lead to highdrift macroalgae biomass where
it acts as a nutrient sink until decomposition wherit becomes a source of recycled nutrients that cael
phytoplankton blooms and lead to habitat destructio, oxygen depletion, and changes to biogeochemical
cycling (Whitehouse and Lapointe, 2015). Drifmacroalgae can become abundant at certain times,
accumulating as thick mats that shade and decreaseagrass coverage (Steward et al., 2005).

In the southern region of the BRL and portions otie Central IRL, certain attached macroalgae like.
prolifera can be a management issue and may compete with seags beds for deepedge space or light
(Steward et al., 2005), as it is widely distributedgrows attached in sediments, and structurally resmbles
seagrass Figure 3) (Taplin et al., 2005; Nelson et al., 2022). Momiting by SIRWMD showed that.
prolifera is more abundant at greater depths, suggesting itight be better equipped for low light
conditions. BecauseCaulerpacan thrive in low light and nutrient-rich conditions, there is a concern that as
water quality declines, there will be a community Bift with H. wrightii being replaced byC. prolifera
(Taplin et al., 2005).

&% R:

»

e L T

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 roleseagrasses and macroalgae play in ecosystem healitd diversity as
ecosystem engineers, adequately monitoring trendsiithe extent and condition of these macrophytes is
vital. Changes in the abundance and distribution cfeagrass and macroalgae can indite ecosystem
degradation and loss of functional services, potentiagliresulting in an overall habitat regime shiftfrom
seagrass to macroalgadn this chapter, findings on the historical andwrrent spatial and temporal trends
in seagrass plus macroalgae abundance and diversiftyroughout the Indian River Lagoon are reported.
The chapter also discusses stressors that impactdéhmacrophyte communities and the shift from a
seagrassdominated estuary to a macroalgaelominated system.

METHODS

Seagrass

Seagrass is monitored in the IRby SIRWMIat different spatial and temporal scales. Aerial imgery is used
to map seagrass on a large scale (lagowevide) at a frequency of every 2 years and fixed tresects are
sampled asonaly (summer and winter) at afiner scale (Morris et al., 2022). The lagocwide maps from
the aerial imagery show the areal extent of seagrasand the fixed transects evaluate the distributio of
seagrass species and the percent cover of seagragthin the areal extent.

For this analysis, he geospatial data of areal extentsvere retrieved from SIRWMD and SFWMD Open Data
Portal as individual shapefileso show areal spatial change®ver time. SIRWMD covers seagrass extent
from 1943 to 2021, and SFWMD covers 1940 seagrass/erage in the South IRL and Loxahatchee River, as
seagrass monitoring was noyet conducted by SIRWMD ih943. Esri ArcMap 10.8 Summary Statistics Tool
was used to calculate the seagrass acreajey sublagoon as well as coverage.€., patchy versus
continuous) and graph temporal changes in distributionContinuous seagrass is referred to as beds that are
consistent without interruption, while patchy seagrass refers to isolated sections of seagrasehe complete
dataset ofannual meanpercent cover by seagrass transect in the summer mioring period was provided
by SJIRWMD for the period of record (1998 to 2023The species compositiondistribution ,and mean
percent seagrass cover over time were summarized byear and sublagoon. Spatial and temporal coverages
of aerial imagery and transect locations are preseead in Table 1, and a map of fixed transect locations is
shown in Figure 4. The Halifax River basin has not been monitoredfeeagrass 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
1940%, 1943**, 1992, 1994,
1996, 1999, and every 2 years

from 2003 to 2021

1998 - 2023

Mosquito Lagoon to

Aerial Imagery SIRWMD/SFWML Jupiter Inlet

Fixed Transects SJRWMD Mosqurgo Lo i
Jupiter Inlet
*1940 data from SFWMD only

**1943 data from SJIRWMD 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 &tiently and effectively, as unattached drift alga
move with currents. Datacan be generatedhowever,based on visual surveys of fixed transects
Measurements taken along the seagrass transectsagpart of the SIRWMD seagrass monitoring efforts
include the percent cover of drift macroalgae and aempirical index that characterizes its biomasgMorris
et al., 2001).The drift macroalgae suspended in the water columare not included in these efforts; only the
unattached drift macroalgae that have settled alonthe bottom are included, so the data collected ar@n
underrepresentation of the true extent of drift macoalgae in the IRLCaulerpaspp. are also monitored as a
part of the SIRWMD seagrass monitoring efforts amtlude percent cover ofCaulerpaspp. along the
transects.

The SIRWMRvaluates macroalgae in ninsubdivided areas, referred to as “reaches,” delineated liieir
similarities in water quality (Morris et al., 2021) (Table 2). The seagrass transedbcations within each
macroalgaereach are shown inFigure 5. The complete datasebf seasonal(summer and winter) mean
biomass by dry weightof drift macroalgae by reaclwas provided by SIRWMD for the period of record
(1998 to 2023). The mean biomass by dry weight of drift macroalgaever time wassummarized byseason,
year, and reach. Caulerpaspp. percent cover data were also provided by SJRVIlMor the summer seasons
of 2018 to 2023. The mean percent cover @aulerpaspp. was summarized by year and sublagoon.

Table 2. Reaches distinguished by SIRWMD with their correponding sublagoon.

Reach Corresponding Sublagoon Method Frequency Period of Record
1 North Mosquito Lagoon Fixed Summer andWinter 1998-2023
Transect
Mosquito Lagoon and Fixed - i
2 North Indian River Lagoon Transect Summer andWinter otz
3 North Indian River Lagoon Fixed Summer andWinter 1998-2023
Transect
4 Banana River Lagoon reEe Summer andWinter 1998-2023
Transect
5 North/Central Indian River Fixed Summer andWinter 1998-2023
Lagoon Transect
6 Camiel el Rives reEe Summer andWinter 1998-2023
Lagoon Transect
South/Central and Fixed )
/ South Indian River Lagoon | Transect Summer andWinter 1998-2023
8 South Indian River Lagoon Fixed Summer andWinter 1998-2023
Transect
9 South Indian River I__agoon Fixed Summer andWinter 1998-2023
and Loxahatchee River Transect
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Figure 5. Locations of the seagrass transectsand macroalgae reach es.
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RESULTS

Seagrass

Overall IRL Seagrass Status and Trends

More than two decades of aerial mapping anfixed transectssurveys has captured substantial variability of
seagrasses throughout the IRL. According to extensi monitoring and mapping from SJRWMD and
SFWMD, in the 1940s there weran estimated 72,956acres of seagrass within the IRLHigure 6). By 2021,
the areal extent of seagrass was 1918 acres, resulting in a loss of 5345 acres.There was some recovery
in 2023 to 24,512 acresa 23.7% increase from 2021.
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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 thE940s, seagrass extent was not mapped again until
1992. There were reports of seagrass loss in thesarly yearsof mapping. Seagrass acreage decreased
from 72,956 in the 1940s to 65,@4 acres in 1992, although the timeline of this loss &s not fully
determined due to a lack of data (Morris et al., Z»). Areal extentincreased after 1993, andn 2007 and
2009 (80,400 acres and 79,56 acres, respectively)the extentwashigher than historical 1940s levels

Seagrass transect length and percent cover were surveyeegularly along fixed transects beginning in
1994. From 1994 to 2010, the transect lengths of the seaass beds generally increased throughout theRL
indicating that seagrass was found at deeper depth&igure 6). Thelongestmean transect lengtls to date
were 184 m in 2009and 183 m in 201Q After 2010, mean transect lengths decreased to ati dime low of
36 min 2020 (an 80% decrease from 2009), indicatig that the areal extent of seagrass did not exterasb
far from shore as it had in the past.
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Seagrasspercent cover along transects is used to estimate mean seagrassrpent cover and to characterize
it as sparse or denseising a method described by Morris et §2022). Based on the transecanalysis,
seagrass cover has continuously declined since 1998dicating that seagrass beds have beconmore
sparseand less dens@ver time (Figure 6). The mean percent cover of seagrass has decreagedhensely
over time, from 29.3% of densecover in 1998 t01.3% in 2021. There has been a slight increase in mean
percent cover of seagrass in the IRL since 202®aching 2.8% of dense covelin 2023.

Mosquito Lagoon

The areal extent of seagrass in the dgquito Lagoon (M.) ranged from a high of 18,311 acres in 1943 to a
record low of 9,847 acres in 2021 tigure 7). In 1943, 11% of the seagras®edswere reported aspatchy
and 89% were found to be continuous suggesting large seagrass beds existed at the ¢éiniHowever, by
2021 there were no patchy seagrasd®edsfound in the MLwith the northern portion closest to Ponce Inlet
experiendng the greatestloss from 1943 to 2023 (Figure 8, Figure 9). Surprisingly, the 2011algal
superbloom did not causeasevere loss of seagrass extent in the ML, nor didet excessive grazing that
occurred thereafter, when seagrasses disappeared in the othbasins.It wasn’t until the 2016 algal bloom
that adecreasein seagrass acreage was observeda loss of approximately 2,000 acre®lgal blooms in
2020 led to a further decrease in areal extent taigt 9,847 acres in 2021, but the seagrass made some
recovery by 2023 to an areal extent of 15,109 acrethe highest extent in the ML since 2015.

Areal Extent of Seagrass by Coverage Class for theMosquito Lagoon
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Figure 7. Areal extent of seagrass by coverage class(acres) in the Mosquito Lagoon.
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Figure 8. Estimated 1943 seagrassareal extent in the Mosquito Lagoon.
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Figure 9. Estimated 2023 seagrass areal extent in the Mosquito Lagoon.
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Four of the seven seagrass speciémve beenpresentin the ML since monitoring began H. wrightii, S.
filiforme, R. maritima, andH. engelmanniiTable 3). Since the beginning of fixed transect surveyshe total
mean percent cover of all species has declined fromhigh 0f32.2% cover in 199 to a low of 0.7% in 2021.
Some recovery has been observed since 2021 in thd-Mvith percent cover reachingl5.8% in 2023.

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

) alodule god alassia Ruppia alophila alophila alophila | TOTAL
- 0 orme estud a a engelma decipie 0 0 %

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 tivL throughout the monitoring
period followed by S. filiforme In 1999, the highest mean cover di. wrightii was measured along the
seagrass monitoring transects at 29.3%. By 202H. wrightii cover experienced a record low of 0.7%. The
data following this severe decline indicate a potetal recovery of H. wrightii cover, with a mean percent
cover of 15.5% in 2023.

Syringodium filiformewas the second dominant species for the period oécord. In 2003, the highest mean
percent cover was measured at 5.1% along the seaggatransects. HoweverS. filiformehas declined each
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year since 2003, and was reported to have 0.0% meawverageby 2017 following the algal blooms of
2016.

Ruppia maritimaand H. engelmannihave been consistently observed at low mean percegbver, less than
1%, sincefixed transectmonitoring began.Ruppia maritimahas not been observed in the ML since 2013,
when themean percent cover measured 0.02%alophila engelmanniwas also not observed in the ML
during several years, with the longest absence ocaing from 2015 to 2018. However, in 2023H.
engelmanniimeasured 0.34% cover, which is the highest mean psgnt cover of this species on record of all
sublagoons and may suggest potential recovery of this speden the ML.

North IRL

Seagrass extent in the North IRL has experienceckmendous losscompared to the1943 benchmark, the
majority of which occurred over the last decadeThe areal extent of seagrass in the North IRL rged from
21,710 acres in 1943 to only 66 acres in 2021Hgure 10). In 1943, the ratio of patchy to continuous
seagrass was roughly 50/50, however by 201¢he patchy extent was 0% and only small areas of
continuous seagras$iave been reported since then Figure 11, Figure 12). Patchy seagrass declined
visibly after the 2011 superbloom and eventually dininished completely, as no patchy seagragxtent was
reported in 2021, and only 58 acres of patchy seagrass was reporte@d2023. Continuous seagrass was at
its highest extentin 1999 when it reached 19,000 acres. Since theogntinuous seagrass declined to an
astonishing low 66 acresn 2021 and made some recovery in 2023 to 521 acres the North IRL

Areal Extent of Seagrass by Coverage Class for theNorth IRL
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Figure 10. Areal extent of seagrass by coverage class (acres) in the North Indian River Lagoon.
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Figure 11. Estimated 1943 seagrassareal 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 ekagrasshave beenpresentthroughout the period of
record: H. wrightii, S. filiforme R. maritima, andH. engelmanniiTable 4). Over the surveying period, nean
percent cover of all speciestarted at 23.0% in 1998, reached its highest megmercent cover in 2000
(24.9%), its lowest cover in 2021 (0.01%) and rebonded slightly to its most recent mean percent cover
to 0.4% in 2023.The maximum observed percent cover was 24.9% in 200 and the minimum was 0.01%
cover in 2021.

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

) alodule god alassia Ruppia alophila alophila alophila | TOTAL
- 0 orme estud a a engelma decipie 0 0 %

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

Halodulewrightii was the dominant species of seagrass present in tidorth IRL throughout the period of
record. Halodulewrightii cover in theNorth IRL was highestin the year2000 when it reached22.2% along
monitoring transects and nearly diminished in 2021 with a record low mea percent cover of 0.001%. Data
from 2023 report 0.2% coverage oH. wrightii in the North IRLseagrass beds

Syringodium filiformehas not been observed in the North IRL since 2028.notable decrease ir8. filiforme
was reported after the superbloom in 2011, when meapercent cover decreased from 3.6% in 2011 to
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0.4% in 2012.Syringodium filiformedeclined in years following the superbloomand subsequent blooms
until it was no longer found in surveys.

Ruppia maritima was at its highest percent cover in 19987.3%) and experienced itamost dramatic
decreasefrom 2006 to 2007 when cover dropped from 2.7% to 0.01%.Percentcover of R. maritima
remained low from 2016 to 2022 and showed aminor recovery in 2023 (0.2% coverage).

Historically, H. engelmanniiwvas present in small percentages throughout the NorthRL but was not present
at all in the2016-2017 and 20212022 surveys.

Banana River Lagoon

The BRL has experienced variable patterns in seagareal extenthat differ from other sublagoons.In
1992, 1999, and from2003 to 2009, the BRL exceeded the 1943 benchmark of 16,388res of seagrass
(Figure 13). The highestarea ofseagrass was recorded in 2007 with a total of 24,&lacres Sincethen,
areal extentdecreased to a record low of 153 acres of seagrass202 with the most dramatic lossbetween
2009 to 2011, when seagrasextent dropped from 23,777 acres to 3,143 acres. The 20kluperbloom
began in the BRL before moving to other sublagoorigamerosky et al., 2015), likely contributing to tke
dramatic loss of seagrass.

Overall,seagrass recorded in thdRLhas beenn continuous beds. Patchy seagrass was observesdt its
highest extentin 1992 (5,464 acre9 but has not beermobservedsince the algal superbloom of 2011The
167 acres of seagrass reported in 2023 were locataubrth and south of Port Canaveral, FLF{gure 14,
Figure 15).

Areal Extent of Seagrass by Coverage Class for theBanana River Lagoon
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Figure 13. Areal extent of seagrass by coverage class (acres) in Banana River Lagoon.
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Figure 14. Estimated 1943 seagrassareal extent in the Banana River Lagoon.
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Figure 15. Estimated 2023 seagrass areal extent in the Banana River Lagoon.

34|Page



THE STATE OF THENDIAN RIVERLAGOONIECHNICALIREPORT
CHAPTERG: HABITATS

The same four seagrass species present in tML and North IRL,were alsopresentin the BRL:H. wrightii,

S. filiforme, R. maritima andH. engelmanniiTable 5). All four species have decreased severely in tiRRL
sincemonitoring began in1998. The total mean percent cover of these specibas declined from its highest
cover in 1999 (40.33%)to 0.5% in 2023.The maximum percent cover was observed in 199810.3%), and
the minimum was observedin 2018 and 2019 (0.02%) with a slight recovery observedin 2023 (0.5%).

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

Halodule  Syringodium Thalassia Ruppia Halophila Halophila  Halophila

wrightii filiforme testudinum | maritima  engelmannii = decipiens  johnsonii
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 411 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 throligut the monitoring period,
reaching itshighestmean percentcoverin 1999 (34.5%) and experiencingdramatic losssafter the 2011
superbloom, when cover decreasedrom 24.2% in 2010 to 0.6% in 2012 H.wrightii recovered somewhat
after the superbloomto a mean percent cover of nearly 7% in 2014 bwas back to 0.15% cover by 2016
during the brown tide bloom. Low mean percent cover of less than 0.03%as reported from 2018 to 2022,
with a minor recovery in 2023 to 0.2%.
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Syringodium filiformemean percent cover varied yeaito year,reaching the status obeing the second most
dominant species inthe BRL duringsome years, however ihas notbeenobserved in the BRlat all after
the 2011 superbloom. Similarly, the mean percent covesf H. engelmannivaried year-to-year, with no
coverage reported in the year 2012r since 2018

Ruppia maritimawas reported at its highest mean percent cover in998 at12.1% but has never come

close to reaching that extent since theBy 1999,R.maritima was at 3.2% cover, reached its second highest
mean percent cover in 2006 (6%) before it began tdecline in 2007reaching 0% in cover by 2015R.
maritima started to recover somewhatin 2018 with a mean percent cover of 0.01%nd was the dominant
seagrass species in the BRL in 2023 witlhmean percent cover 00.3%.

Central IRL

Areal seagrass extent has varied in the Central IRlith 8,745 acres observed in 1943 to 5,394 acres
2021 (Figure 16). Although areal extent in the Central IRL is compably lower than the ML, BRL, and
North IRL,the Central IRL exceeded the 1948cagrassacreage benchmark in the seven consecutive
monitoring years from 1996-2009. After the 2011 superbloom,seagrassareal extentin the Central IRL
decreased78% from 12,214 acres in 2009 to 5,346 acres in 2011 gfiore making a slight recovery to 7,460
acres by 2015 and decreasing again to the currentea extent of 2,801 acres in 2023, an overall losd 77%
of seagrass since 2009.

Seagrasextentin the Central IRL has primarily beerascontinuous beds. Patchy seagrass was at its highest
extent in 1992, making up 48% of the seagrass covagebut dropped to only 1% by2021. The patchy
seagrass loss occurred throughout the Central IRWhile the continuous seagrass beds wergained in the
southern portion of the Central IRL, between Vero&ch and the Fort Pierce InletKigure 17, Figure 18).
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Figure 16. Areal extent of seagrass by coverage class (acres) in the Central Indian River Lagoon.
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Figure 17. Estimated 1943 seagrassareal 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 beelservedin the Central IRLduring the POR although species covers
varied dramatically with H. wrightii most prevalent andR. maritimaand H. engelmannileast prevalent,
eventually disappearing from transect surveys in 202 (Table 6). Overall, the total mean percent cover of
all species has declined from 29.8% cover in 1998 2.6% cover in 2023.

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

) alodule god alassia Ruppia alophila alophila alophila | TOTAL
- 0 orme estud a a engelma decipie 0 0 %

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 throligut the period of record. Compared
to other sublagoons the Central IRL maintained the most diversity fétdwing the series of algae blooms
between 2011 and 2016, however critical losses werstill observed. Data from 2023 indicate thatH.
wrightii remained the dominant species (1.9%), followed b¥l. decipien$0.5%), andH. johnsonii(0.2%).

Syringodium filiformewas once the second most dominant species in theeal IRL buthas steadily
declined since 2003. It was recorded at its higheshean percent covenf 5.5% in 2003, and its lowest in
2020 at0.02%. It has slightly increased since 2020 witltamean percent cover of 0.06% in 2023.
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Thalassia testudinurhas only been observed in the Central IRL and SoufRL, but dter 2014, the mean
percent cover decreased dramatically from 0.3% in@L5 to 0.07%in 2016. In 2023 T. testudimumwas still
present, though mean percent cover was observed at01%.

R. maritimaand H. engelmannihave not been observed in the é&tral IRL transectssince2021 and 2022,
respectively.

South IRL

The South IRLareal extent mappingincludes portions of the St. Lucie Estuary and the Loxahatek River,
and the seagrasextentin these tributaries is included in the total acreges inFigure 19. The areal extent
of seagrassn the South IRLwas highest in 1940 with an estimate®,686 acres

Patchy seagrass comprised 59% of the seagramstentin 1940 (5,585 acreg, which has declined to <1%of
the areal extentby 2023. Much ofthe seagrass loss from 1940 to 202was the patchy bedslocated

between the Fort Pierce inlet and the St. Lucie Egry, while continuous seagrass increased in extent south
of the Fort Pierce inlet(Figure 20, Figure 21). The 2011 superbloom did not affect the South IRteagrass
asit began further north and elevated chlorophyHla levels were observed primarily in the ML, BRL, Noht
IRL, and Central IRL. However, seagrass cover mawh been impacted by the extensive freshwater
discharges from the €44 canal thd carried algaeinto the St. Lucie Estuary and South IRL in 2016 hen we
see a 31% reduction in areal extent.
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Figure 19. Total seagrass coverage by coverage class (acres)in the South Indian River Lagoon (SIRL).
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Figure 20. Estimated 1940 seagrassareal extent in the South IRL, St. Lucie Estuary, and Loxahatche River.
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Figure 21. Estimated 2023 seagrass areal extent in the South IRL, St. Lucie Estuary, and Loxahatche River.
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In the South IRLof the sevenspecies of seagrasses the IRL, all have been observed in the South IRL
exceptR. maritima(Table 7). Overthe monitoring period, the mean percent coveof all seagrassspecies
declined fromits highest extentin 1998 (26.6%) to just 3.2% in 2023, with the biggest single year decline
occurring between 2015 and 2016 (50%) The Syringodium filiformewas the dominant species of seagrass
until 2009 when H. wrightii became dominant From 2018 to 2019, there was an increase in the peent
cover ofH. decipiengnd H. wrightii, though decreases were observethereafter.

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

oa alodule god ala a Ruppia alopnila alophila alopnila TOTAL
0 0 e e 0 d a engelima decipie 0 0

1998 8.35 11.51 0.88 0.00 0.00 0.90 5.01 26.64
1999 7.28 10.34 131 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 throughoute IRL varied significantly in space and timeverall,
drift macroalgaewas most prevalent in the North IRL during the summeand most prevalent in the South
IRL during the winter (Figure 22, Figure 23).
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Figure 22. Estimated dry weight of drift macroalgae along seagrass transects during the summer.
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Figure 23. Estimated dry weight of drift macroalgae along se agrass transects during the winter .
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The Mosquito Lagoon and NortHRL encompasses eachesl, 2,and 3 but reaches Jand 2 are substantially
larger than 3, which explains the big difference inlrift macroalgae biomasdetween them(Figure 24).
Mean bhomass of drift macroalgae increased during the witer in reach 1when seagrass growth is in
senescencewhile higher biomass vasobserved in reaches 2 and $ the summer monthsduring the
seagrass growing seasarPeriods of noticeably low drift macroalgae biomases were observed from 2010
2012, 2016, and 20192021, which are the years during and after the alddlooms in theNorth 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.

46 |Page



THE STATE OF THENDIAN RIVERLAGOONIECHNICALIREPORT
CHAPTERG: HABITATS

Reaches 5 and @vhich are located in thesouthern North IRL and the Central IRL, showed similar mean
biomasses during the summer monthgFigure 25). Overall,drift macroalgae biomass decreased in the
winter months in reach 5, while increases were obseed in reach 6 during the winter. A period of low
biomass in drift macroalgae is apparent from 20110 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.
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The drift macroalgae biomass in th&RL(reach 4) varied seasonally throughout the monitoring period
(Figure 26). From 2000 to 2003, drift macroalgae biomass incre&sl in the winter compared with the
summer months of the same years. After a year ofiooverall biomass in 2004, drift macroalgae was
increased in the summer months from 2005 to 2009 aapared to the winter months of the same years.
Low biomass in drift macroalgae isalsoapparent in 2010-2012 and 20132020. After the algae blooms of
2020, a recovery of drift macroalgae in the summamnonths was observed (to a mean of 3.99 g/Adry
weight), though biomass remained low in the wintemonths of 2021-2023 (with a mean of 0.16 g/n# dry
weight).
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Figure 26. Drift m acroalgae biomass (g/m 2 by dry weight) along monitoring transects in reach 4 that
correspond to the Banana River.

Reaches 7, 8, and Bover portions of the South IRLthe St. Lucie Estuary and the Loxahatchee Rivén this
mean drift macroalgae biomass was higér overallin reach 7 comparedo the other two reaches(Figure
27). Seasonal differences were evident. Overall, reachhad the highest biomass values during the winter
months, specifically from 2000 to 2002 as well a$i2006, although reach 9 experienced a notable inease
in macroalgae biomass during the winter months of @10.
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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 dfaulerpaspp. has varied over space and time in the IRthedmonitoring period from

2018 to 2023, the sublagoons with the highest patosover have consistently been the BRL and theiNGtL
(Figure28). Caulerpaspp. percent cover increased dramatically in thé. BRm 2019 to 2020 and remained high
through 2023 despite extensive algae blooms in 2@2P021. Overall, the cover @aulerpaspp. has increased
in the IRL from 2021 to 2023 wilittle seagrass recovery.
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Figure 28. Mean Caulerpa percent cover by sublagoonfrom 2018 to 2023 .
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SUBCHAPTER —QYSTER REEFS, INFAUNA , AND EPIFAUNA

INTRODUCTION

Oyster Reefs

The eastern oysterCrassostrea virginicais a keystone species of the IRL due in part toa essential habitat
oyster reefs provide for other species like hard dostrate for the recruitment of epifauna, foraging gounds
for fish and birds, and bird nesting and roosting grounds (&ber et al., D10; Shaffer et al., 2019). Oysters
build reefs by attaching themselves to hard substta, often dead oyster shells, and building upon elc
other over time to create a secondary reef structue (Bahr & Lanier, 1981). While oysters can be prestas
scattered individuals, their ecosystem services are most fefctive as a cohesive reef. Intertidal reefs thatra
emergent during low tides are functionally differert from subtidal reefs that are always submerged. Téh
oyster reefs in the IRL are primarily intertidd (Grizzle et al., 2002), with the potential to suport a
tremendous amount of biodiversity (Shaffer et al2019). Once oysters die, their shells break apart one
easily and the foundation of the reef crumbles undeexternal stressors, no longer able towpport the other
species that rely on them.

Oysters are filterfeeders, siphoning their food from the surroundingvater. The particles and nutrients
filtered by oysters include sediments and phytoplakton, which benefit seagrasses by increasing light
attenuation within the water column. Seagrasseslso benefit from oyster biodeposits which act as
fertilizers for the plants, and from the breakwaterthat the oyster reefs provide to protect the plarg from
increased wave energy that can uproot them (Grabowset al., 2012).

Because they have a high tolerance for a wide rangé salinity, temperature, and oxygen conditions,
oysters are well suited for estuaries like the IRLalthough adequate salinity is important for oystersurvival
and reproduction (Bahr & Lanier, 1981; Wilson et aJ 2005). In the IRL, excessive freshwater dischag
from drainage canals like those discharging into # St. Lucie estuary can reduce salinity levels teds than
10 parts per thousand for a long time, leading tosmotic stress and high oyster mrdality (Wilson et al.,
2005, Mikkelsen et al., 1995).

Oysters reproduce by releasing tiny fredloating larvae that settle onto hard structures ad form spat The
ability of oyster spat to settle can be inhibited i several things, including siltation, predation, ad habitat
competition by other epifauna such as barnacles (faer, 2021; Boudreaux et al., 2009). Coastal
development can impact oyster recruitmentoy replacing the natural structures for oyster setement with
seawalls and other hard shorelines. This leads tandncrease 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 historics} inhabited by oysters McClenachan et al., 2021),
resulting in less area for reefs, but potentially mare places such as mangrove propagules and propots for
individual oysters to attach Another major source of oyster reef degradation ifncreased wave energy
caused by boat wakes, that can increase reef sedimation, smothering oysters or directly dislodging
oysters from the substrate, resulting in high mortéity 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 sofsediments, including polychaetesbivalves, and other
macroinvertebrates. Benthic epifauna are much likenfauna except that instead of burrowing into the
sediment, epifauna live on top of the sediment asssile or mobile organisms. Infauna and epifauna
perform essential ecosystem functions such as carbaycling through the consumption of organic matter
aeration and cycling of nutrients in sediments whih increases sediment stability, and by providing py for
larger organisms (Sweat et al., 2021; Lunt et aR021).

Over 400 species of mollusks have been identified the IRL estuary, including 258 marine gastropod,56
marine bivalves, 3 chitons, and 3 cephalopods. Theare fve speciesthat are endemic to the IRL system
one opisthobranch Phyllaplysia smaragdathat is presumed to be extinct, andour "yoyo" clamsof the
genusDivariscintilla. The greatest number of mollusks rely on seagrass their primary habitat, followed
by sand, rock, and mudSalinity was found to strongly affect species distibution with some mollusks
inhabiting only ocean inlet areas and others prefeing more estuarine conditions (Mikkelsen et al., 995).

Hard clams (Mercenaria mercenaria have been a culturally and economically importanfishery in the IRL
that once contributed $Million to the local economyLike oysters, clams start their life cycle as fesfloating
larvae that seek a hard surface to attach and “setind eventually burowing into bottom sediments as they
mature. Two major clam “set” events occurred in théRL in recent history, assumed to be associated thvi
ideal water quality conditions. The first major clamn “set” occurred in the mid80’s in the Central IRL. Prior
to 1980, clam landings, or catches, averaged less thak,300 bushels per yearin the mid 80’s, clam
landings in the IRL reached a peak of 475,000 budkebefore the population crashed due to over harveing
and changing water conditions (Galimany et al., 202 MacKenzie et al., 2001 A second clam “set” occurred
in the northern IRL in 1990-1991 was decimated by ovetharvesting and low salinities by 1996 (MacKenzie
et al., 2001).

Increasing coastal human population has led to ineased nutrient sources that have increased harmful
algal bloom (HAB) frequencies (Lunt et al., 2021¥razing organisms, including bivalves, help keep HB&
under control from top-down pressure on the micralgal organisms (Galimany et al., 2020). Théandance
of bottom-dwelling macroinvertebrates is vulnerable to prolongedHABs,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 affectinfaunal communities because they can’t survivaithe
low oxygen, high organic matter conditions (Johnso2017).
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METHODS

Data sources

Oyster Reefs

Oyster reef data were obtained from the Florida Fisand Wildlife Conservation Commission (FWC) Oyster
Beds in Florida database. IRL data included thoserapiled from the Loxahatchee River District (LRD}he
Army Corps of Engineers (ACOE), and the Univégsof Central Florida (UCF).

Infauna and Epifauna

Infauna and epifauna data were provided by the Snfisonian Marine Station (SMS) from their longerm
study of the St. Lucie Estuary (SLE), Central IRInd South IRL community structures.

Methods

Oyster Reefs

The LRD mapped oysters throughout the northwest andouthwest forks of the Loxahatchee River from
July through September 2008 (Howard & Arrington, 208). Visual observations were used to identify
oyster reefs and live oysters. Reefs were mappedtifey were larger than 1 md and had more than five live
oysters. One to five 0.25 mhquadrats were randomly placed on each reef and all oystersoim the quadrats
were collected, enumerated, and measured for shéikight. The results were compared with those from a
2003 LRD assessment.

The ACOE performed characterizations of substratesd benthic habitats in the SLE and Loxahatchee Riv
in 2010. Sidescan sonar was used from the 9 ft bathymetric contw to the shoreline within each survey
area to classify substrate types by sediment compit®n. Oyster reefs were mapped using aerial
photography in clear, shallow water, and sidescan sonar was used in deeper water. Fifty perceof the
mapped reefs were randomly chosen, and four repli¢a 1 n2 quadrats were deployed on each of the
selected reefs to determine live oyster density. Abysters within the quadrats were collected and conted
and measured for shell height.

UCF obtained color infrared imagery of the Mosquithagoon and Halifax River in 2021 from the St. Jofin
River Water Management District and handtligitized the images to distinguish live oyster rets from dead
reefs (Benson et al., 2023). Neoontinuous oyder clusters were not digitized as reefs.

Infauna and Epifauna

Smithsonian Marine Station conducted quarterly bettic infaunal field surveys 15 fixed sites in the
southern half of the IRL Figure 29) from February 2005 through April 2022 (Sweat et &, 2021). Sediment
samples were collected in triplicate with a 225 cripetite Ponar and then sieved through 500 um mesh.
Taxa isolated from the sieving process were preseed in a 47% buffered formalin solution with rose
bengalstain. Additional sediment samples were collectedbtdetermine volume of sediment per sample
prior to sieving, andbeginning in April 2009 sediment cores were collead with an Ogeechee corerto 5 cm
for grain size analysis. Cores were stored a20 °C until analysis. In the laboratory, two to fouweeks after
the infaunal samples were preserved, samples werdéesved again through 500 um mesh and fixed with 70%
ethanol. Taxa were separated from sediment, enumeted, and identified under 6x magnification
stereomicroscopy. Species were separated into sixajor taxonomic groupsfor analysis. Annelida,
Amphipoda, GastropodaBivalvia, Arthropoda, and Other (which includes Cnidaaiand 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 fothe Mosquito Lagoon and the Halifax River, with
live and dead reefs distinguished from one anothgiFigure 30). A total of 68.6 acres were mapped,
including 64.1 acres of live reef (93.5%) and 4.5caes dead reef (6.5%).

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

While historical spatial data were not available, gevious researchers have estimated temporal changés
oyster reef coverage in the Mosquito Lagoon datinigack to 1943. Garvis et al. (2015) calculated a 24%ss
in live reef area between 1943 and 2009. An updatediata comparison by Benson, et al. (2023) showed a
62.6% decrease in live reef area from 1943 to 202The study also found that reef persistence was reded
if located along a primary boating channel.
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Figure 30. Live and dead oyster reefs in the Mosquito Lagoonin 2021.
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Loxahatchee River

The 2003 and 2008 oyster reef assessments were perimed by the LRD to identify and map reef coverage
in the northwest and southwest forks of the Loxahathee River. The total oyster reef cover in 2003 was
10.2 acres and in 2008 15.1 acres, a 39% increasedoverage with most coverage (90%) located in
northwest fork (Table 8, Figure 32). The ACOE also did oyster mapping in the Loxahh&e River in 2010,
though it did not include the northwest fork. The AZOE methods did identify 17.4 acres of oyster reefs
throughout the Loxahatchee River, including the sabwest fork (Table 8, Figure 32). Despite increased
mapping efforts in 2010, oysters were not found ithe main channel of the river and toward the IRL.

Table 8. Number of mapped reefs and acreage in the Loxahatthee Riverin 2003, 2008, and 2010.

2003

# Reefs

Acres

# Reefs Acres # Reefs Acres

2008

2010

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 kahatchee River included mapping of substrate types
(Figure 33). The dominant sediment types were sand (51%) anchuck (26%) (Figure 31a), and all of the
oysters found were present on either sand, shellpck (98%) or sand (2%) Figure 31b). These data
indicate that the oysters prefer a sand, shell, récsubstrate for settling, and only 4% of the Loxaltahee
River has that sediment type available for oysteracruitment.

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 Lokahatchee River.
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St. Lucie Estuary

An oyster reef assessment performed by the ACOEtire SLE identified 185 acres of oyster cover in 2@
and 346 acres 2010, an 87% increase over that pedqFigure 35). The methods from the 2003
assessment were not verified, which may affect thieue nature of change. The 2010 ACOE oyster reef
mapping effort included substrate types Figure 36). Unlike the Loxahatchee River, the dominant subsite
type in the SLE was muck (71%)Rigure 34a), and the majority of the oysters found were presat 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 SLEIthough the majority of oysters were present in tkese
sediment types, oysters tend to prefer harder subsate to attach and build reefs.

Figure 34. A) Sediment type distribution in the St. Lucie Estuaryand 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 in2003 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 kegxa that drive community composition in the SLE
and southern Central and South IRL that warrant fuher examination for their roles elsewhere in the RL
(Sweat et al. 2021Table 9).

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

Taxonomic Group

Capitellasp.

Dipolydora socialis

Fabricinuda trilobata

Fabriciola sp.

Glycerasp.

Glycindesp.

Laeonereissp.

Laonomesp. A

Laonomesp. B

Lumbrinerissp.

Annelida Mediomastus californiensis

Mediomastussp.

Paraprionospio pinnata

Polydorasp.

Prionospiosp.

Pseudopolydorap.

Scoloplos robustus

Spiochaetopterusp.

Sternaspissp.

Syllissp.

Streblospiosp.

Americhelidium americanum

Ampelisca abdita

Apocorophiumsp.

Amphipoda Caprella scaura

Cerapussp.

Ericthonius brasiliensis

Grandidierella bonnieroides

Mulinia lateralis

Mytilopsis leucophaeata

Parvilucinasp.

Polymesodasp.

Rangiasp.

Tellina spp.

Acteocina canaliculata

Assiminea succinea

Caecum pulchellum

Cerithiumsp.

Cnidaria ! Edwardsia elegans

Cyclaspis varians

Oxyurostylis smithi
Isopoda? Amakusanthura magnifica

1Included in the “Other” major taxonomic group  2Included in the “Arthropoda” major taxonomic group

Bivalvia

Gastropoda

Cumacea?
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Over the 1#year period of SMS monitoring, the Central IRL siehad the highest number of individuals
(M12) with 220,552 individuals and the greatest diersity (M12 and M13), with 392 and 383 total taxa,
respectively (Figure 37). Of the site where bottom salinity and benthic aaditions were collected, there
was a general trend of increased diversity with ineased salinity and decreased fine sediments. Anngs
were the most abundant taxonomic group at most site with bivalvesshowing dominances at sites M02,
MO03, M04, and M14 in the St. Lucie RiveFigure 38). Sites MO1 and M15, the farthest sites up the %iicie
River, had the highest abundances of arthropods, thi arthropods being the dominant taxonomic group at
M15 over the course of the monitoring period Figure 38). Sites MO7 and M09 near the St. Lucie Inlet and
sites M12 and M13 in the Central IRL had the mostdividuals, and total taxa (Sweat et al., 2021), Wi site
MO7 having the highest relative abundance of amphqus (Figure 38).
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Figure 37. Abundance of individuals (x 1000) and taxa by sit e from 2005-2022; average bottom salinity and
percent fine sediment (<63 um) by site from 2005 -2019.
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Relative Abundance of Major Taxonomic Groups from 2 005-2022
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Figure 38. Relative abundance of major taxonomic groups by site from 2005 -2022.

There were steady increases in individual abundansefrom 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 taxaKigure 39). Annelids were the most abundant major taxonomic
group overall, however there was an increase in antpod abundance in 2016 attributed toCerapussp. at
site M7 in October 2016 (Figure 40, Sweat, et al., 2021).
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Annual Benthic Macroinvertebrate Abundances

100 400
90 360
—~ 80 320
S
S 70 280
— a
X 60 A 240
k%) I
S 50 200 Q
i) =
= 40 160
2
= 30 120
8
o 20 80
10 40
0 0
» o Q S V) Q N 2 ) O \2) © A S ) (N Y Vv
O ) ) ) O M % % 3 g ) 3 ) % Y £ 4% W%
R M R R A i R R
Year
| ndividuals Taxa

Figure 39. Annual benthic macroinvertebrate abundances of in dividuals and taxa collected across all sites from
2005-2022.
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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, seiraquatic ecosystems that provide a wide array of
landscape functions and economic values. Wetlandseaoften found in the gradient between the terrestial
and aquatic or marine habitats and are criticali many ways for maintaining the integrity of eachln the
U.S., Florida has the second largest acreage of lants following Alaska (Carter, 1996). Florida’s wiands
cover nearly a third of the state and can be distguished by characteristics such as landscape positi, solil
type, vegetation species, presence or absence ofye¢ation, topography, and hydrology patterns (Carte
1996). Wetlands play a crucial role within the IRLby filtering water flowing from tributaries, canals,
stormwater drains, and other runoff sources into tle lagoon (Smith, N.D.). In the IRL, the dominant dend
types immediately adjacent to the IRL shoreline arealt marsh and mangrove swamp. These wetlands
provide foraging, breeding, and nursery habitat fomarine and intertidal species, stabilize sediments,
mitigate coastal flooding, protect shorelines agaist wave action, and slow the flow of stormwater tallow
time for additional nutrient cycling. Mangroves hae been shown to outperform seawalls and bulk heads
against wave forces (Timm, 2017). The natural funiins of wetlands can be impacted or impaired by
anthropogenic activity, such channelization, devefament, and agricultural land use.

According to the Florida Land Use and Cover Clagsition System(FLUCCS), several different freshwater
and estuarine wetland classifications are present ithin the IRL watershed Estuarine wetlands differ from
freshwater wetlands in that they are regularly inurdated by oceanrderived brackish or salt water with a
salt concentration of 0.5 ppt or greater (FGDC, 2@L Due to the marine influence, estuarine wetlands
exhibit unique hydrology and soil/water chemistry when compared to freshwate systems, and therefore
provide habitat for a unique assemblage of plantsral wildlife. For example, salt marshes in the IRLra
often dominated by saltmarsh cordgrass, a plant sp&s that is adapted tdrequent flooding and high soil
salinities (Northrop, 2022). In contrast, freshwate marshes are dominated by a higher diversity of $&
intolerant grasses and sedges, and they primarilyontain water derived from direct rainfall, non-tidal
surface runoff, and shallow groundwater seepage.

The salt marshes of the Indian River Lagoon are gific breeding grounds for pest insects such as
mosquitos and sand flies. Organized mosquito contralong the IRL began as early as the 1920s (Plats
al., 1943; Rey & Connelly, 2001), and the impoundirof salt marshes and mangrove swamps first begam i
the 1930s. In the late 1940s, pesticides and harsfmemicals such as DDT emerged as dominant forms of
mosquito control, which were used indiscriminatelyin the IRL until the mid-1950s when mosquito
resistance to pesticides and concerns over the environnméal effects of DDT prompted a reevaluation of
the management strategies (Brockmeyer et al., 199®ey & Connelly, 2001). Consequently, there was a
renewed focus on impoundments in the 1950s and 19&0(Brockmeyer et al., 1996). The purpose of
creating mosquito impoundments was to raise waterdvels above the range required for mosquito
reproduction, thereby combatting malaria, improvingthe living environment in coastal Florida, and maikg
the land more haitable for humans. Although mosquito impoundmenthave been successful in alleviating
mosquito populations, they have also resulted in rgative impacts to wetland communities. Today, over
31,000 acres (roughly 13%) of wetlands along the IRare impoundedfor mosquito control.

Historically, mosquito impoundments were artificially flooded to a stable water level yearound or left
open to the lagoon to fluctuate with lagoon levelsThis unmanaged style of impoundment caused
imbalances and degradation of water quality; changgein 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 impodments implements a process referred to as
Rotational Impoundment Management (RIM), under whie impoundments are flooded based on seasonal
conditions and timed for the peak mosquito breedingeason. The impoundment wetland systems are
flooded with either freshwater or lagoon water, using culves, 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 meh 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 Speciesnventory,
n.d.).

In addition to the hydrologic alterations from impoundments, muchof the IRL’s historic wetland coverage
was lost due to land conversion for agriculture odevelopment. 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 numeus smaller fragments Fragmentationseverely
degrades the ecological integrity of wetland systems antbntribute sto loss in biodiversity andother
important functions and services. The increased edgeffects also drives the natural transformation ogmall
wetland fragments into other habitat types, a procss called “ecological succession” (Tabarelli, Lopesnd
Peres, 2008).

Most of the net losses to wetland area and functiooccurred before federal (Clean Water Act of 1972)nd
state (Wetlands Protection Act of 1984) laws instifited wetland protections. Since passage of thesens,
developmentrelated impacts to wetlands are typically compensad through creation or enhancement of
other wetlands outside of the development site. Ticompensation process, referred to as ‘wetland
mitigation’, involves large-scale wetland creation and restoration in a contigous area (referred toas a
'bank’) by a single entity, who then sells ‘credit¢o developers to offset impacts throughout the wiershed.
This process effectively promotes the replacementfemall, scattered wetlands throughout a watershed
with additions to larger contiguous aeas, possibly reducing the overall wetland densitythe number of
separate wetlands per unit area). Notably, mitigatin is not required for small, isolated wetlands smiéer
than 0.50 acres. While the focus on large, contigus wetlands may result in ecolgical benefits such as
enlargement of wildlife corridors; it could have aderse effects on wildlife taxa that are dependentrosmall,
isolated wetlands (Toland, 1987).
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METHODS

Data sources

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

The LULC data are generally updated every five yearbut the two agencies do not always conduct
simultaneous revisions. For this analysis, the tweets of LULC data were categorized into the closegtar
consistent to both datasets Table 10). For example, the 2016 SFWMD data and the 2014R8IMD data are
both considered to be the year 2014 for analysis @hdiscussion.

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: SJIRWMD 2020 LULC data were preliminary ateime of analysis
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Wetland Classification

Based on the LULC data, there are 25 different watld classifications present in the IRL watershed.dF
purposes of this wetland analysis, the classificains were condensed inteight wetland groups (Table 11).

Table 11. Wetland classifications used for analysis.

Wetland Classification Land Use Description LULC Code
Bay swamps 6110
Bayhead 6111
Mixed wetland hardwoods 6170
Mixed shrubs 6172
Cabbagepalm wetland 6180
Cabbage palm hammock 6181
Cabbage palm savannah 6182
Wet melaleuca 6191
Mangrove swamp 6120
Wetland coniferous forest 6200
Cypress 6210
Cypressdomes/heads 6215
Cypressmixed hardwoods 6216
Pond pine 6220
Cypress- pine - cabbagepalm 6240
Hydric pine flatwoods 6250
Wetland forested mixed 6300
Freshwater marshes 6410
Sawgrass marsh 6411
Saltwater marshes 6420
Wet prairies 6430
Emergent aquatic vegetation 6440
Mixed scrub-shrub wetland 6460
Non-vegetated Wetland 6500
Tidal creek 6510
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Data Analyses

Acreage of wetlands by type and by basin were summén ArcGIS desktop software based on the
unmodified LULC data vector polygons. Only land wansidered in the land use of each basin area by
removing the “Water” land use types. Net losses gains were determined by comparing 1999 data to 202
data.

Persistence Analysis

To estimate watershedlevel wetland loss, gain, and persistence trendsh¢ LULC polygons were converted
to raster data with grid cells of 10x10 meter (100m2), which was the highest practicable resolution for
geoprocessing at the scale of the IRL. The ‘Zon&tistics’ analysis tool in ArcGIS Pro was used tmmpare
the 1999 and 2020 rasters and determine the approxnate acreage of loss, gain, and persistencéwetland
acreage by basin.

Fragstats Analysis

A geostatistical software package, Fragstats (n.dwas used for spatial pattern analysiso quantify wetland
fragmentation in the IRL basinFragstatscomputes several statistics for each patch and clagwetland
type) and for thecollective landscape McGarigd et al. 2002).The Fragstats analysis was conducted at a
watershed scale for the entire terrestrial part ofthe IRL, excluding then open water area (lagoon/estry,
embayment, canals, etc.). Since fragmentation caal to plant community change, the analyses weredh
repeated individually for eight wetland classesTable 11). The analyses utilized the same raster resolution
(10x10 m) as the Persistence analysis. A 10x10 rastresolution produced the maximum file size allowhle
within the Fragstats program. A detailed descriptio of each of the metric rated by Fragstats is prided in
McGarigd et al. (2002). Examples of selected metrics describing wetland fganentation include the
following:

X Number of patches (#) - Number of patches within the wetlands and wetland lasses, excluding
water. Each patch roughly correlates with a singlalistinguishable wetland separated from other
wetlands by uplands, development, or other features

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

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

Mosquito impoundments

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

Wetlands

Based on the 2020 LULC data, there are approximage?42,391 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, comparéalthe total size of the basin, wetlands make umty
12% of the total land cover. The North IRL basin osists of the highest wetland coverage as a perceof
total area, at approximately 41% of the total lanatover.

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

ota and Area

RL Bs atershed Bounda A % 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 asrwithin the IRL from 1999 to 2020 Table 13). Figure
43 through Figure 50 present areal illustrations of the loss, gain, angersistence of wetlands for each IRL
basin. The St. Lucie basin has had the highest garwetland acreage of all basins from 1999 to 202(rable
13, Figure 42). Over the past 20 years, wetlands in the St. Ledbasin have increased from 58,008 acres in
1999 to 64,397 acres in 2020, a total gain of 6,39%cres. The North IRL has experienced the most logs
wetlands, from 56,909 acres in 1999 to 54,077 acreto 2020, which is nearly a 3,00éacre decrease.
Appendix A provides a detailed table of acreage changes of éawetland type with each basin.

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

IRL Basin 1999 | 2004 2009 2014 2020

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 5358 | 5285 | 599 | 5952 | 6,362 | 1,004
Loxahatchee River 7141 | 8225 | 8271 | 8237 | 8433 | 1,292
Total 236,508 | 241,368 | 244,781 | 242,793 | 242,391 | 5,883
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Wetland Acreage in the Indian River Lagoon Watershe d
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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 1999to 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 Estuarybasin.
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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 pided in Table 14 grouped by wetland classification.
Wetland hardwood forest, the most dominant wetlandype in the watershed, had the greatest increase in
acreage over the years, gaining roughly 8,372 acrésigure 51). Freshwater marsh, the second most
dominant wetland type, increased by 4,919 acres sie 1999 while mangrove swamp increased by 7,519
acres. Some wetland types have suffered losses icr@age; most notably, saltwater marsh has decreaséy
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
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 nonvegetated wetlands substantially increased from 3730 2,187 between 1999 and 2020, an
increase 0f486%. Further investigation of this classification showed that over half of the reported increase
was due to mapping inconsistency for sandbars andd@l flats near the St. Lucie inlet. Classificatioof these
sandbars and flats has alternated between distingshing them as ‘nonvegetated wetland’ and including
them as part of the IRL ‘embayments’ category (FL@S 5000 series), with the chosen classification
dependent on the water level at the time of the ad@l 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 IRloundary, the number of wetland patches in the IRbasin
decreased by about 395 wetland “patches” between 89 and 2020, and the patch density slightly decreasl
from 9.93 to 9.74 patches per square mildn contrast, the mean patch area has increased by 4.5%nd the
total wetland edge has increased by roughly 74 mige Collectively, these results suggest the followgn

X Restoration or creation of wetlands may be contribting to an overall gain in acreage between 1999
and 2020.

X Loss of small, isolated wetlands is possibly beingpmpensated by gains within or adjacent to large,
contiguous systems.

X Restoration or enhancement projects may be reconndng wetlands that were historically
segmented by ditches, impoundments, berms, or othertificial severances.

Fragstatsanalysis was performed on each of the wetland typesr 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 redts can help further identify the gains and lossem
wetland acreage provided inTable 14 and summarized below.
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Table 15. Fragstats analysis metrics and results for each wetland type.

Other
Fragstats Freshwater = Mangrove Non- SEWEIE Non- WELEY Wetland Wetland
. Year
Metric Marshes Swamp

Vegetated Coniferous Forested Hardwood
Marshes Forested .
Wetland Forests Mixed Forests
Wetlands
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Freshwater Marsh

Freshwater marshes increased in area by roughly 429 acres, or 11%, between 1999 to 2020T@ble 15).
The patch number decreased by roughly 612 patcheShe mean patch area increased by an average of 1.35
acres, or 21%. The total edge decreased by rougi{ miles. The increase in area and mean patch size,
alongside decreases in number of patches, patdensity, and total edge, may indicate that freshwat

marsh habitat within the IRL is increasingly beingonsolidated into larger and more compact patche3his
may be occurring as part of the development and wisind mitigation process, due to the widespead
replacement of small, isolated wetlands with largenarshes in mitigation or restoration areas.

Mangrove Swamp

The total area of mangroves swamps increased by 1,6 acres, or 37%, from 1999 to 2020Table 15). The
number of patches increased by 370, with mean patctize and patch density also slightly increasing he
increase in mangroves may be explained in part byré¢ succession of former salt marsh as the northward
range of mangroves moves northward. During the nohward expansion, mangroves have also colonized
prior open water areas or oyster reef{McClenacharet al., 2021).

Non -Vegetated W etland

Non-vegetated wetlands increased in class area, numbef patches, patch density, mean patch area, and
total edge. The area has increased by 1,813 acresm 1999 to 2020, whichis a 486%increase (Table 15).
The majority of this increase is due to mapping inconsistency foramdbars and tidal flats. Additional non
vegetated wetlands occur along shorelines or mixedithin saltwater marshes, mangrove swamps, and
mosquito impoundments. Some small increases in newegetated wetland could be attributed to erosion or
submersion of other types as a result of sea levase or hurricanes.

Saltwater Marsh

The area of saltwater marsh decreased by 9,353 a&eor 36%, from 1999 to 2020, which is the largest
acreage loss of all wetland typesT@able 15). Additionally, saltwater marshes have decreasedinumber of
patches by 338, mean patch area by 2.4 acres, antal edge by 71 miles. The substantial and rapid $s of
saltwater marsh in the IRL may be, in part, due teuccession to other habitats (e.g, mangroves) aseth
climate warms, and due to conversion to intertidabpen water as sea level risesHtzGerald& Hughes,
2019; Fagherazzet al., 2020;Alizad et al., 2016). Much of the encroachment of mangrowvamps into
saltwater marsh habitats has occurred in the northen areas of the IRL, due to warmingemperatures and
less extreme freeze events (Chapman et al., 208aintilan et al., 2014; Osland et al., 2022). Based on the
LULC data, about 31% of the 1999 salt marsh habita now classified as mangrove swamp. Other former
salt marsh is currently classified as ‘bays and asdries’, ‘enclosed saltwater ponds’, ‘mixed scruhrub
wetland’, and ‘nonvegetated 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) % 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 acrg41%) and 571 patches from 1999 to 202(Table
15). It should be noted that the classifications in thigjroup (wet prairie, emergent aquatic vegetation, rad
mixed scrub-shrub) are often considered as habitat componentsfdreshwater marsh systems. Wet prairie
habitats are often converted to development withoutmitigation because they are typically isolated antess
than 0.50 acres in size. Mixed scrubhrub communities typically form in disturbed settings and are often
targeted for development because of their poor habit quality, which necessitates less wetland mitigiéon
under Florida’s wetland rules.

Wetland Coniferous Forest

The total area of wetland coniferous forest has deeased by 2,689 acres from 1999 to 2020T@ble 15).
While the total area decreased, the number of patels increased by 76, the mean patch area decreased b
2.7 acres, and the total edge increased by almosntiles. These changes indicate that occurrences of
wetland coniferous forest have become smaller, morsagmented, and less connected since 1999. Hydric
flatwoods, a common type of wetland coniferous forg in the IRL watershed, often occurs naturally in
expansive tracts or semilinear flow-ways in flat landscapes. These types of featureseahard to avoid on
development sites and are often severed by road cssings or other impacts.

Wetland Forested Mixed

‘Wetland forested mixed’ (a community that is cadominated by conifers and hardwoods) lost roughly 81
acres between 1999 and 2020Table 15). In conjunction with the overall wetland loss, tle number of
patches increased by 188, the mean patch size deased by 3 acres, and the total edge of wetlands
increased by 68 miles. These trends are similar wwetland coniferous forest. In the IRL watershed, ntay
occurrences of wetland forested mixed are flowways or historic coniferous forest that have partidly
succeeded to hardwood as a result of fire suppressi or other landscape alterations. As stated abe,
impacts to these types of features are often diffidt to avoid in development sites, leading to sevance for
road crossings or other impacts.
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Wetland Hardwood Forest

Wetland hardwood forest had the largest gain in wéands compared to other wetland types, with a gaiof
approximately 8,376 acres, or 15%, from 1999 to 202 (Table 15). With the gain in wetland area, the
number of patches has increased by 332, the totalettand edge increased by 91 miles, and the mean pat
size increased by 0.56 acres. Gains of wetland hardod forest may be related to restoration efforts sice
1999, or through the process of ecological succession, which non-forested wetlandsconvert to forested
“climax” habitats. In the IRL, wetland hardwood foest may be a climax community for the other freshwiar
systems (Casey & Ewel, 2006; Kirkman et al., 200Q@jddleton, 2016). Ecological succession is often
accelerated when landscapes are developed, removimggulating natural factors such as fire and sheet
flooding.

Mosquito Impoundments

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

Figure 52. Percentage of mosquito impounded wetlands and non-impounded wetlands by Basin.

88 |Page



THE STATE OF THENDIAN RIVERLAGOONIECHNICALREPORT
CHAPTERG: HABITATS

Most mosquito impoundments occur in estuarine settigs. A total of 13,301 acres of mangrove habitat
occurs within impoundments, which accounts for nedy half (48%) of the total mangrove swamp Table
17). An additional 12,269 acres (72%) of the IRL’s #amarsh habitat occurs within impoundments.

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

acres.
DO 0[S]0 O PO 0[S]0 Ola clialna
ondensed Categorie otland otland 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 waterboes as well as the shallow riparian area that work
together to provide important ecological servicesike fish and macroinvertebrate habitat, nutrient
assimilation and filtration, bank stabilization, ard wave energydissipation, an important safeguard against
storms and sea level rise (Weaver & Stenho, 2024i#er et al., 2020; Janiak at al., 2018; Sime, 2005 the
IRL, theshoreline ecotoneincludes seagrassind mangroves, two important habitats for fish spawing that
provide nurseries for the world’s most important fisheries(Cannon et al., 2020, Munsch et al, 2017
Anthropogenic impacts to shoreline habitat reduce oeliminate the important ecological services they
provide, resulting in fishery declines, reduced carbon andutrient uptake, and increased erosion and
sedimentation.

Gittman et al. (2016) defined shoreline hardening &“the installation of engineeredshore structures to
stabilize sediment and prevent erosion and/or provde flood protection.” Engineered shorelines have e
increasing within the IRL for decades with thause of seawalls or riprap, impounding, filling, or a
combination thereof (Kibler et al., 2020, Nielsenteal., 2000). The impact thagrtificial shorelines have on
the ecosystem depends on number of things includintipe design dimension (i.e., width and slope) andhé
materials used in construction. Steep shorelines Wi greater slope decrease the riparian zone capagifor
denitrification and increase waveenergy, makingthem susceptible to future erosion and scourSeawalls,
one of the oldest engineered structures used to ptect coastal areas, are typically vertical, smooth,
concrete structures designed to hold back water anthereby prevent erosion. Scour occurs as the engrg
from high waves hits the hard structureand is displaced down where it moves and displacesdiments,
forming a trench at the base of the structure andlring particle transport dynamics. Eventually, tre
changes in near shore currents that effect sedimemrosion and accretion impact adjacenghorelines,
which may suffer from greater erosion (Kibler et al, 2020; Neilsen et al., 2000 he harder and more
vertical the structure, the more scouring occurs,ausing passive and active erosion, redistributing
sediments and impacting the benthic community.

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

Artificial structures in the IRL have been able tsupport some communities of marine epifauna, incluidg
the bryozoanConopeunspp. and barnacle specieAmphibalanus eburneuand Amphibalanus reticulatus
(Janiak et al., 2018). While the abundance of theseganisms may be high, the biodiversity of organms on
hardened structures is much lower than the biodivesity of epifauna in natural shorelines (Gittman etl.,
2016).
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METHODS

Data Sources

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

Methods

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

The NOAA data were sorted by their ESI ranks androbined into classification categories for the IRL
(Table 18). Then each combined classification was assignedl ¢ither the Natural or Artificial categories for
analysis.

Table 18. NOAA ESI shoreline type codes.

22 Estuarine Classification Combined Classification NEIIE @

Rank Man-Made
1A~ Exposed, rocky shores Rocky Shores Natural
1B Exposed, solid mammade 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 Coarsegrained sand beaches Beaches Natural
5 Mixed sand and gravel beaches Beaches Natural
6A Gravel beaches Beaches Natural
6B Riprap Riprap Atrtificial
7 Exposed tidal flats Tidal Flats NEVE

Sheltered rocky shores (1996
8A Sheltered scarps (Bed):ock/Mud(/CIay; (2020) REE ) ST NEITIEY
8B Sheltered, solid marmade structures Solid Structures Artificial
8C Sheltered riprap Riprap Artificial
8D* Sheltered, Rocky, Rubble Shores Rocky Shores Natural
LY Sheltered tidal flats Tidal Flats Natural
9B Vegetated low banks Vegetated Banks Natural
10A Salt-and brackish-water marshes Marsh/Swamp/Mangroves NEWE
10B Freshwater marshes Marsh/Swamp/Mangroves Natural
10C Swamps Marsh/Swamp/Mangroves Natural
10D Scrusbcsrztr)u;)nvc\llest:?r E(Iis\;vg?;ngdrg\gcs)z%)g 20 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 diffexnce in miles of shoreline in the IRL with the
exception of the Mosquito Lagoon which appeared tmacrease by 53% from 1996 to 2020 Figure 53).
Upon further investigation, the difference inMosquito Lagoon shoreline is attributed to differeres in
mapping techniques, and not an actual increase imareline (Figure 54). Only the perimeters of island
features were mapped in the Mosquito Lagoon in 199@nd the interior island ditches and more detailed
island features were mapped in 2020. Similar mappip differences likely occurred in all basins.

Miles of Shoreline by Basin
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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 dthes within larger features throughout the IRL ale
contributes to the apparent increase in the marsh/ssamp/mangroves shoreline type from 1996 to 2020
(Figure 55). Only 66% of the IRL shoreline was classified asarsh/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 ofatural shoreline has been Mosquito Lagoon, with 98%
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 3.5% artificial shoreline in 1996 and 34.8% in 2020 The
St. Lucie basin is much more developed along theaie of the estuary, especially along the maibranch of
the St. Lucie River, which accounts for the largegportion of hardened, artificial shoreline compared to
other basins Figure 56).

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

1996 2020
IRL Basin Natural Hardened Natural Hardened
Shoreline (%) Shoreline (%) Shoreline (%) 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 68.6 314
North IRL 80.6 194 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.

95|Page



THE STATE OF THENDIAN RIVERLAGOONIECHNICALIREPORT
CHAPTERG: HABITATS

DISCUSSION

SEAGRASS

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

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

x From 2009 to 2011, the areal extent of seagrassescreased by 43% (over 2,000 acres), with the
North IRL and BRL experiencing the most extensiveds at 80 and 87%, respectively. This loss was
reflected in decreased depths of #ge ofCanopy (EOC) lengthsanging from 5% to 54% reduction.
These findings are similar to those of the 1997 regbfor the Chesapeake Bay when the deep edges
of seagrass bedsdecreasedup to 50% as areal extent decreased (Lefcheck et,&2017). Widespread
decreases in standardized mean percent cover in 2012011 and again in 20162018 coincide with
major algal bloom eventsn the North IRL and Lake Okeechobee dischargestire South IRL

X After the 2011 superbloomthere was a slight expansion of seagrass in 2013 @&2015, however the
areal extent of seagrasses declined in 2017 and 2810 approximately 58% of thepre-superbloom
acreage(Morris et al., 2022). Aside from the ML and SoutiiRL, which had relatively stable seagrass
coverage until the drop in 2017, the expansion in@L3 and 2015 and subsequent decline is evident
in each sublagoon.

X The decreases in mean percent cover were stronglglated to reduced light availability from
corresponding algae blooms, with the losses occung after 23 months of exposure less than 27%
of the subsurface irradiance. Temperatures and saities did reach levels that caused some stress
on the seagrassedjowever their effects were mitigated when adequatdight was available. The
combination of enhanced phytoplankton blooms and sasequent shading with increased turbidity
resulting from the loss of stabilized sediment frondecreased seagrass presence credte
detrimental feedbacks placing significant stress othe IRL(Morris et al 2022).

Ultimately, excessive loads of nutrients like nitrgen and phosphorus fueling phytoplankton blooms thia
shade seagrass bedare a major concern in the IRL. There are numerous stigs that support the finding of
anthropogenic stressors and nutrient loads as therpmary cause of seagrass decline (Lefcheeh al., 2017;
Breininger et al., 2017; Lapointe et al., 2020; Righer and Fletcher, 1995; Morris et al., 2021). Sgeass
restoration efforts have been a prominent method ofmaintaining seagrass within the IRL and have prove
to assist in the recovery of historically full anddense seagrass beds, however restoration methodsroe
with a separate series of challenges (Rezek et &019).

Future Patterns and Trends

There is a cycle starting in the IRL that can onlye broken by reducing nutrient inputs to the systemAs
seagrasses ar¢ost, more nutrients like carbon, nitrogen, and phosphorudecome available forother
primary producers like alga, which bloom intensely, shading out seagsses, or macroalgae, lik€. prolifera
which are more shadetolerant outcompeting seagrass for bottom habitafAlthough the shift throughout the
IRL over the last decade from a mesotrophic, seagmdominated system to a eutrophic, micreand macro
algal dominated system seems sudden, there have lmeeumerous stressors exerted on the system that

9% |Page



THE STATE OF THENDIAN RIVERLAGOONIECHNICALIREPORT
CHAPTERG: HABITATS

have contributed to this change and have been builay for over a century. Efforts to improve water gality
of the IRL, by reducing available nutrients, is theverarching approach taken by regulators and
stakeholders to restore the seagrass beds. Howevavhere these habitats have been damaged or lost,
management practices have focused their attentionrorestoration efforts such as restoration of
appropriate substrate for seagrasses (muck dredgingand planting seagrasses from nurseries.

M ACROALGAE

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

Hall et al.(2022) found that between sampling methods, significant v@ancesin drift macroalgae biomass
were widespread over time andspace. However, periods of low biomass, particulgrifrom 2010-2012 and
2016, could be attributed to environmental stressos beyond the tolerance thresholds for drift macroajae,
including reduced light availability. As drift macroalgae play a vital role in sequesteng nutrients, the
reduced biomass throughout the IRL made nutrients\ailable for uptake by other primary producers, sub
as phytoplankton.

The study by Hall et al. (2022highlights the need for a better understanding of dft macroalgae on an
ecological level, particularly regarding abundancedistribution, and diversity. Identifying species
compositions of macroalgae within the IRL along wit known tolerances could assist in predicting the
probability of bloom occurrences driven by climatechange For example,Chaetomorphaspp., which are
found in the northern IRL and have a high temperate tolerance, may be more resilient to future extrme
temperatures. Furthermore, Hall et al. (2022) calattention to attached macroalgae, such &s. proliferg as
these attached macroalgae species perform the samatrient uptake role of seagrass as well as stahiling
sediments.

The increase ofCaulerpaspp. in recent years could interfere with the potetial recovery of seagrass beds in
the same areasCaulerpa proliferg the prevailing species o€aulerpain the IRL, has been shown to
interfere with the density and biomass oH. wrightii (Taplin et al., 2005).C.prolifera does favor deeper
water, however, potentially allowing for the recovey of seagrasses inshore (Taplin et al., 2003)vVhile a
benthic macrophyte assemblage dominated b€aulerpaspp. can provide some of the same ecological
functions as seagrass, it does not provide suitabfeod or habitat for fauna that depend orseagrass
(Brewton & Lapointe, 2023).Until more long-term monitoring is performed to investigate the rehtionships
between Caulerpaspp. and seagrasses in the IRL, it is unknown howncreasedCaulerpaspp. cover will
affect the recovery of seagrass beds in the IRL.

OYSTER REEFS

Increases in oyster reef coverage were documented the SLE and the Loxahatchee River from 2003 to
2010. In the Mosquito Lagoon, although there was an incase in the number of live oyster reefs between
2009 and 2021, the area covered by reefs was ledsan half the previous cover. The presence and
persistence of oyster reefs in the IRL are not fyllunderstood, though some factors, such as boat wed
HABSs, and sediment type, have been studied and gamientially aid in oyster restoration efforts.
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The loss of oyster reef coverage in the Mosquito gaon indicated that fragmentation of large reefs ito
smaller reefs wasoccurring. One cause of reef fragmentation is boat wakes (Wikxs et al., 2021; Benson et
al., 2023). Smaller reefs are especially vulnerabte the increased wave energy from boat wakes, artarge
reefs are more susceptible to fragmentation that keds to smaller reefs. Smaller reefs do not providbe
same habitat quality for other species akrger reefs, thereby impacting the health of thetuary beyond
the presence or absence of oysters. The proximityf oyster reefs is an important consideration for
restoration planning, that applied throughout the RL. The lack of oysters in the main chael of the
Loxahatchee River, for example, could be attributetb increased wave action from boat traffic in thatirea
compared to the northwest and southwest forks, thogh that has not been formally evaluated.

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

Sediment type is known to be an influence on the ceuitment and settlement of oysters. Fine sediments
with high water and organic content are not able tsupport the organisms. The transport of these fine
organic sediments onto existing reefs can alsode to oyster smothering. The data from the Loxahabee
River and SLE can be applied to other areas of tHeL 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 ousing mesh bags filled with oyster shells (Garvist al.,
2015). The successful restoration of 1.62 aes of new oyster reefs in the Mosquito Lagoon helganake up
for some of the extensive losses that occurred fror2009 to 2021 (Benson et al., 2023). Furthermore,
oyster density on the restored reefs was higher thaon reference reefs anded to the accretion of shoreline
where there had been previous erosion (Walters etla 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 lagoonwide infauna and epifauna data were not availabldindings from research done by SMS in
specific parts of the southern IRL provide a robusibcal dataset that may be applicable to similar gions.

Spatial Variation

Multiple studies in the IRL and elsewhere found thiaspecies richness and abundance of estuarine bemth
infauna and epifauna are negatively correlated witliine sediments and positively correlated with sahity
(Mannino & Montagna, 1997; Sweat et al., 2021). Fexample, Sweat, et al. (2021) found that sites witow
salinity and high fine sediments exhibited less spes abundance and richness than sites in the sowin
IRL that had high salinity and low fine sedimentsResearch by McKeon, et al. (2015) the same region of
the southern IRL found salinity was the main driveiof bivalve species composition, with the lowest
diversity and abundance found at sites with the lowst salinity.

Salinity is also a factor for crustaceans, as itflmences their osmoregulation processes requiringttem to
expend more energy in lowsalinity environments. For example, there are two laundant species of hermit
crab in the IRL Clibanarius vittatusand Pagurus maclaughlinagwith the former being found near inlets
where there is higher salinity (RhodesOndi & Turner, 2010). Increased freshwater inputs wuld have a
negative effect on the distribution ofC. vittatusin the IRL.

Infaunal species distributions are particularly afected by sediment composition, with smaller grainize
inversely related to species richness and abundandeunt et al., 2021). Widespread muck deposits irhe
IRL prevent the establishment of infaunal comunities in those areas. Muck removal projects havied to
an increase in infaunal diversity and abundances t-dredging (Johnson 2017). Future muck mitigation
and removal activities could lead to a more robushfaunal community in the IRL.

A two-year infauna community study by Lunt et al., 20274n the Northern portion of the IRL found that
infauna diversity was higher in the Mosquito LagoorfML) than the North IRL or the BRLThe ML has
higher salinity and larger grain sizes than sitesi the other two locations, supportingthe findings by Sweat
et al (2021). The study also found that species abhdance was lower in the summer and fall at all sig
likely related to fish spawning and increased pred@ry pressure on benthic epifauna and infauna.

Epifaunal and infaunal communities represent compbe food webs that provide nutrient internal and
external cycling, by assimilating and ultimately pasing nutrients from the sediments up the food chai
through predator/prey relationships. Greater infaunal and epifaunal abundance can be found in areas of
the IRL with high salinities and coarse sediments.€., near inlets), and that areas of low salinitgeand fine
sediments (i.e., near tributaries and freshwater iputs) will have fewer infauna and epifaunaSome species
that can be found only in freshwater environments ee still important for the overall diversity of the
estuary, so the value of these habitats should nbe diminished.

Temporal Variation

The southern IRL research by SMS found a loss obthiversity (54 taxa) across all monitoring sites fom
2015 to 2016 which coincided with a longterm freshwater discharge from Lake Okeechobee thdtrought
with it several toxic algae, including a large, @nobacterium Microcystis aeruginosdloom (Sweat et al.,
2021, Kramer et al., 2018). While HAB toxicity omfauna/epifauna has not been studied closely, it ahg
with decreased salinity, may have contributed to th loss of species (Sweat et al., 2021). The benthic
community was further strained in 2017 with a 19% decline in abundance acrgsall 15 SMS monitoring
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sites, likely a result of heavy rains that led todth decreased salinity and increased fine sedimenis the
area (Sweat et al., 2021).

Greater bivalve diversity improves the potential fo plankton filtration and nutrient uptake that can
mitigate algal bloom intensity (Galimany et al., 220). Anthropogenic pollution sources lead to nutriet
enrichment that fuels the proliferation of HABs, anssue that is exacerbated by the decline in filtefeeding
organisms, especially clams and oysters (Galimany&., 2020). Bivalve restoration efforts may help
control widespread HABs in the future.

Despite the loss of seagrass, infaunal and epifadr@mmunities could be supported by increased covage
of the green algaCaulerpa prolifera Infauna and epifauna have not historically showa difference in
abundance between beds of the seagrabtalodule wrightii and the macroalgaeC. proliferain the IRL
(Nelson et al., 2022).

A living dock pilot program initiated by Florida Institute of Technology demonstrated that covering dok
pilings below the seasonal low tide level with oyster shelkovered mats will promote settlement of a
number of benthic organismsincluding the eastern oyster Crassostrea virginicy bryozoans
(Schizobrachiella verrillj Bugula neritina), sponge Demospongiag tunicates (Tunicata) and barnacles
(Amphibalanus amphitrite, Amphibalanus eburneud he study looked at species specific areas and seaall
variations, but overall demonstrated that many typs of filter feeders throughout the IRL will settleon
oyster mats, providing important filtration services (Gilligan et al, 2022).

The variables found to influence the distribution @ epifauna on living docks may be useful for
consideration of larger benthic restoration efforts particularly the episodic or longterm freshwater inputs
that can cause sudden of chronic changes in saltiniIn addition to salinity, efforts focused on resring
benthic macrofauna, must consider sediment compositn, submerged aquatic vegetation, and the other
pollutants carried by freshwater discharges. Succeful restoration of complex benthic macrofaundnabitats
can help mitigate harmful algal blooms and improvéenthic conditions.

W ETLANDS

While development pressure and mosquito control efforthave historically driven substantial wetland loss
and fragmentationthroughout the IRL, there has been a net increase wetland acreage since 1999.
Significant effort and expenditure have been invesd for preservation of existing wetlands, creatiorof new
wetlands, and restoration of altered wetland systers. In addition, federal and state regulations in pkce
since 1972 and 1984, respectively, have required delopment to avoid, minimize, or mitigate wetland
impacts, drastically slowing the rate of loss compad to the era prior to 1972.

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

X South G44 Reservoir and Stormwater Treatment Area —This project comanaged by theACOE
and the SFWMD involved the construction of a 3,468cre reservoir, 6,300 acres of stormwater
treatment areas, and approximately 3,600 acres ofew wetlands on land that was formerly used
for agriculture. Work began in 2015 and was compled in 2021. The &4 reservoir is part of a
greater ‘Indian River LagoonSouth’ restoration project that includes additional plamed 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 aciin St. Lucie and Martin counties by 2031. When
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complete, the overall Indian River LagootBouth project will be one of the largest wetland @ation
and restoration events in the history of the IRLACOEn.d.).

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

x The Merritt Island National Wildlife Refuge - Managed byFDEP, this wildlife refuge protects
critical mangrove swamps and salt marsh habitats ithe Mosquito Lagoon, Banana River Lagoon,
and the North IRL. The Refuge’s Comprehensive Consdion Plan includes management goals of
restoring former citrus groves tomesic hardwood hammock, reconnecting and restoring
impounded wetlands, preventing further development throwgh conservation, and promoting
restoration programs to increase habitat acreage ahspecies diversity. (USFW2008).

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

X Coastal Oaks Preserve—Combined effortsof the SIRWMD, Florida Department of Transportation
(FDOT), and Indian River Land Trust have restoreds3acres along the Central IRL. The project has
restored native plant species, removed exotic plardpecies, and improved habitat for wildlife
species, paricularly migratory and wading birds (SJRWMD).

While wetlands are trending in a positive directionoverall, the continuing loss of salt marsh habitatay be
of concern. Currently, a series of overlapping redations strongly deters private entities from constucting
new development in salt marsh habitat; therefore, ilect human activity (e.g., dredge and fill) is not
expected to be a major source of loss in the futurélowever, salt marsh in the IRL is becoming incrsigly
vulnerable to effects of climate change. As meamt@eratures increase and therequency and severity of
winter freeze events decrease, mangroves have beerpanding in range into the northern IRL, naturally
displacing former salt marsh communitiegGiri & Long, 2014 Cavanaugtet al.,2019). In addition,
accelerating sea level rise at the coastline threans to submerge salt marsh habitat, converting ibtopen
water intertidal habitat. These trends could be ireversible in the long term, and salt marsh may coirtue
to gradually disappear flom the IRL over the next several decades, furthemperiling species that depend
on the habitat, such as Atlantic salt marsh snake.

SHORELINES

Mosquito Lagoon has the highest percentage of nairshoreline due in part to its shallow nature, and
fragmented islands each with edge area (shorelineffurthermore, because it borders the Merritt Island
National Wildlife Refuge and the Canaveral Nation&eashore, little shoreline development is occurrm
Most of the Mosquito Lagoon shoreline has a high peentage of marsh, swamp, and mangroves, although
some of it has been impacted by the creation of ingpndments that leads to habitat fragmentation and
disrupts the ecological and physiographic functiongLarson, 1995).

Fragmentation has also affected the St. Lucie EstyaDredging in the north fork of the St. Lucie Rer has
led to the flood plain being cut off from the riveis main branch (Sime, 2005). Since the main brandi the
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river can no longer reach the flood plain, there islecreased shoreline spatial extent and decreasedibitat
for juvenile fishes (Sime, 2005).

The restoration of degraded and harearmored shorelines and the installation of living forelines is an
ongoing effort to improve the overall condition ofthe IRL (Kibler et al., 202; Brockmeyer et al., 2@. In the
Mosquito Lagoon, living shoreline stablization and monitoring efforts began in 2011 and hAve successfully
stabilized 2.6 miles of shoreline (Brockmeyer et al 2022). Methodsused forthe Mosquito Lagoon living
shoreline restoration program included a combinatia of the installation of oyster shell mats and bag®or
recruiting oysters, planting of smooth cordgrass, rad planting of mangroves (Donnelly et al., 2017).
Continued monitoring of the restored shoreline in the Mosquito Lagoon nesaled that mature mangroves
lead to higher recruitment than seedlings and thaplants in the lower intertidal zone are more proneto
negative effects of waves and boat wakes than thogethe middle to high locations (Donnelly et al2017).

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

SEAGRASS

X A continued and consistent approach to seagrass maipg and monitoring among lagoon segments
is needed tosystematically compareseagrassand macroalgae changes over time and space. The use
of satellite imagery may provide a relatively easgnd regular method for capturing coverage
seagrass and macroalgae coverage information at tg spatial scales.

X Researchis neededto better understand the extent and viability ofseagrass seed banks in
sediments throughout the IRL.

X Substrate mappingand refined bathymetry data areneeded across the Lagoon to target critical
habitat for seagrass restoration efforts.

X Research o better understand key drivers of seagrass health and how they will benpacted by
climate change factors such as warming temperatureshanges in precipitation andsalinity, wind
and wave patterns, and sea level ris&argeting theseagrass speciethat are most adaptableto
changingconditions maybe key to seagrassestoration in the IRL successfully enduring climate
change.

MACROALGAE

x A method should be developed and implemented for nmme detailed monitoring of macroalgae
throughout the IRL.Historical datasets for macroalgae are temporally ashspatially limited and few
macroalgae monitoring programs are currently in plae. Macroalgaamonitoring would establish a
baseline of coverage, abundance, and species divgrso detect changes ovetime as well as
identify potential relationships between macroalgaeand seagrass within the IRL

x Drift macroalgae are an important nutrient sink ifit is removed from the systemA facilitated effort
to target and remove macroalgae at the end of itéfé cycle before it dies could be a tremendous
nutrient reduction method.

OYSTER REEFS, INFAUNA , AND EPIFAUNA

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

x Better understanding of benthic conditions like se@inent size and hard structures as well as salinity
over time can advise project locations for oysterrad clam restoration.

x Wave action from boat traffic is also an importanfactor in infauna and epifauna recruitment and
successPlanning restoration away from popular boat channed can help maximum success.

X More widespread, longterm infauna and epifauna research is needed to ker understand
variations in community compaosition throughout thelRL andtheir 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 commuyicomposition can help predict climate
change related impacts on species diversity and ahdance.

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

W ETLANDS

x The longterm viability of the salt marsh habitat type in the IRL is unknown. Future modeling
efforts could integrate factors such as mangrove rege expansion and sea level rise to quantify the
rate or amount of projected salt marsh habitat los®ver time. Future efforts could also examine the
potential for salt marsh to shift to new areas asesa level increases, potentially replacing coastal
uplands or freshwater marsh. These efforts could examinéé potential for restoration areas to
promote formation of salt marsh under present conditions and future setevel rise and climate
scenarios.

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

x Although wetlands are known to filter and reduce egess 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 reoval efficiency across different wetland types
and different basins in order toprioritize certain types that warrant additional pr eservation,
restoration, or creation focus. Future efforts couw also quantify the overall nutrient reductions
provided by wetlands for each IRL basin as a proportion of tal load, which could be usefutor
identifying areas deficient in wetlands and furtherjustify efforts and expenditures to create or
restore wetlands.

SHORELINES

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

x Further research into IRL shoreline hydrodynamics &n also help determine atrisk natural
shorelines and prioritize mitigation and policy efbrts to protect them.

x The extent of artificial shorelines can be studietb determine those that can be restored and the
methods that can be used to accomplish restoratiosuch 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
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 NonForested 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
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 NonForested 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
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 NonForested 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
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 NonForested 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
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 NonForested 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
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 NonForested 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
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 NonForested Wetlands 5 13 9 9 9
Wetland Hardwoods Forests 452 452 419 419 421
Freshwater marshes 2,605 3,136 3,250 3,261 3,284
Mangrove swamp 284 289 286 286 287
Other NonForested 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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