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General Background

The Water Resources Development Act (WRDA) of 2000 authorized the Comprehensive
Everglades Restoration Plan (CERP) as a framework for modifications and operational changes
to the Central and Southern Florida Project needed to restore the South Floydteetas
Provisions within WRDA 2000 provide for specific authorization for an adaptive assessment and
monitoring program. A CERP Monitoring and Assessment Plan (MAP; RECOVER 2009) has
been developed as the primary tool to assess the systenperformancef the CERP by the
Restoration Coordination and Verification (RECOVER) program. The MAP presents monitoring
and supporting research needed to measure the responses of the South Florida ecosystem to
CERP implementation. In the Everglades, marsh vegetatiooth marl prairie and ridge and
slough landscapes is sensitive to lasgale restoration activities associated with the CERP.

More specifically, changes in hydrologic regimes at both local and landscape scales are likely to
continue affectingyegetatiom composition in the transition zone between these two landscapes,
resulting in gootentialshift in boundary between plant communiti€s.track these dynamics,

Florida International University (Dr. Michael Ross, Pl and Dr. Jay SalRITstudied

vegetation structure and composition in relation to physical and biological processes along the
marl prairieslough (MRS) gradient beginning in 2005. Since the Fall of 2014 (Cooperative
Agreement # W912H2A4-2-0023(20142019; W912HZ19-2-0031 (20192024, andFederal

Award Identification Number (FAIN) W912H24-2-0026 (2024curren), the study has been

led by Dr. Jay Sah, while Dr. Michael Ross is also actively involved as t#fd i@dhe study.

Vegetation monitoring transects in the Shark Slough basin, funded by US Army Corps of
Engineers (USACE) under RECOVHEWRAP, capture the full range of marl prairie and slough
plant communities, and address Performance Measure (PMpGEandscape Pattériarl
Prairiel/ S ough gradient) by fidetecting spatio
composition in response to natural and restoragtiond uced hydr ol ogi ¢ change
vegetation along the marl prairie/slough gradients addressesiawogk hy po tSpaab i s t h a
patterning and topographic relief of ridges and sloughs are directly related to the volume, timing
and distribution of sheet flow and related water depth pattérnsi dent i fi ed i n t he
ClusteriLandscape Patterns of Ridge and Sl ough Pe.
Rel ation to Sheet Flow, Water Dept hThestudy er ns
al so addr es s es Reshneptioh ¢f pisioridaldlaviasd relatecapatternsdof
hydroperiod, water depth, and fire with the implementation of CERP will cause a noticeable
change in plant community composition and structure along the gradient and in the transition
zone between mapkairie and peatdominated ridge and slouglas

Greater Everglades hypothesis clusters have recently been revised (ERCOV
Landscape HC 2023060 5inpublishedl In the revised version of hypothesis clustére
vegetation monitoring along marl prairie/slough gradientelevant tahe Hypothesis Ayvhich
s t a tNendinear élevation breaks and slopes (topographic contours that do not progress
smoothly or that exhibit abrupt changes) affect landscape patterning and vegetation

1



communities, as the ndimear elevation breaks and slopes control water movement on the
landscape and landscape hydrology Si n c e 4{sdale nohliaearities i algvation are
likely to occur in each management compartment and are likely to be unique in each
compartment (Supposition # e composition and distribution of plant communities along
elevation gradients within a compartment or compartment components (e.g. marstoagie
gradients), are determined by patterns of hydroperiod, weggh dnutrient dynamics, and fire
patterns.

The primary objective of the study is to assess the impact of Everglades restoration
activities on plant communities along the marl prast@ugh(MP&S) gradient, and to detect any

shift in position and attributes of boundaries between those communities. The study is conducted

on six transectdour of whichextend acrossHark River Slough (SRS)to adjacent marl

prairies. Shark Slough portions of teeir transects overlap transects that were established and
surveye under differensponsorships 19982000, providing the prospect of assessing{ong
term temporal change in vegetation in those areas.

The specific objectivesf the study are
1) To characterize recent vegetation composition along the marl pskitigh gradient,
2) To identify boundaries between different vegetation types, and
3) To assess changes in vegetation structure and comp@stoaniated witichanges in
hydrology resulting from CERP restoration projects.

Initiated in 2005 as an expansion on Shark Slough study transects that had been
established ansurveyedn 19982 000 wi t h funding from DOI 6s
Initiative (CESI),the ongoing studgf vegetation monitoringlongMP&S gradientsunder
CERPRECOVER progranis inits sixth sasmpling cycle. For the first three sampling cycles
(20052008, 2008011 and 201-2014), sites on five transects (M15) were sampled every
threeyears. However, with an extensiontbéexistingtransect M2 in 201§.e., M2E)and an
addition ofthe 6" Transec(M6) in 2019, sites are now sampled every four ye@itss document
summarizes results fatl five yeargBase year and Option Yearst)of the current funding
cycle 0192024 CA # W912HZ19-2-003). The report describeke hydrology patternsnd
vegetatiordynamicsin bothslough antbr marl prairie portion®f these transect§or the slough
portion of four transects (MM4), this report summarizes the shift in vegetation composition in
response to hydrologic changes sifi®882000 studyMoreover, since theBsampling cycle is

still underway, the trend in vegetation shift on these transects is described for varying periods.

For instance,ite marl prairie portiosiof Transect M1 and M3 weresampled six times between
2006 and 202, and that of M2 (i.e M2E) were samplethree times between 2015 and 2023.
Thus, for the marl prairie portigof Transects M1 and B) vegetation responses to hydrologic
changes are described for yi&ars while that of M2are describednly for 8 years.



1. Introduction

In the Everglades, plant communities arranged along environmental gradients are
expressions of ecosystem processes associated with underlying physicochemical drivers that vary
in space and time. Hence, determining the responses to spatiotemporal chikegesiirers of
plant assemblages alorgvironmentagradients, and the boundaries between them, is important
for conservation and ecosystem restoration. The landscape in both Shark River and Taylor
Slough basins of the Everglades includes long hydrapst@ughs, flanked by short
hydroperiod marl prairies. Particularly in the Shark River Slough (SRS) basin, vegetation
structure and composition change gradually along an elevation and water depth gradient, from
shorthydroperiod marl prairies to ridge aslbugh, which are characteristic features of the
landscape of central SRS (Ross et al. 2003).

Hydrology is one of the major drivers of species differences between marl prairie and
ridge-and slough landscapes. Hence, alterations in hydrologic conditions usually cause a shift in
vegetation structure and composition within each landscape; extrengesteam even lead to
dominance of hydric vegetation in marl prairie (Nott et al. 1998) or various levels of degradation
of landforms in the ridge and slough (R&S) landscape (Watts et al; R@dden et al 2011Ross
et al.2016. In the past century, chges in the amount and flow patterns of water, resulting from
the construction and operation of a series of canals, lemegsvater structures (Light and
Dineenl1994, McVoy et al. 2011), have altered the proportions of prairie and slough vegetation
in the region. Furthermore, changes in water management associated with the ongoing
Comprehensive Everglades Restoration Plan (CERP 20@0associated projects and/or plans,
Central Everglades Planning Project (CEPP) and Combined Operations Pland@diRgly to
affect vegetation compositialong the marl praie-slough (MRS) gradientespecially in the
transition zonereallting in a shift in the boundary between marl prairie and slough communities.
It is therefore important to understand how restoraditectsthe dynamics of prairie and slough
landscapes and the boundaries between the two.

Along the marl prairieslough(MP&S) gradient, vegetation in the marl prairie portion of
the gradient is likely to respond to hydrologic changes more rapidly than vegetation in the slough
portion. Armentano et al. (2006) also argued that the transition from one vegetation type to
another (e.g prairie to marsh) in response to hydrology may take place in as little & 3 to
years. However, while vegetation withimeridge and slough landscape @sochange in four
years (Zweig and Kitchens 2008), thenseion from marsh to prairie vegetation may take longer
(Armentano et al. 2006, Sah et al. 2014). In the southern Everglades, recent water management
efforts have been directed towards ameliorating the adverse effects bgpsedious water
management activities. In this respect, a series of water detention ponds have been brought into
operation along the eastern boundary of the park to mitigate theeasbn water reversals that
were prevalent in this region due to the loswater from the rocky glagk to the canal (Van
Lent et al. 1999). In contrast, strategic regulation of water deliveries througklthst&ictures
along US 41 has been in place since 2002 to reverse the damage that was caused by the extended
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wet conditionsvhich resulted from both highwater deliveries and rains in thetmidte-1990s.
These modifications in water management activities, along with those being carried out under
Central Everglades Planning Project (CEPP), Modified Water Deliveries (MWD) Prajdct, a
Combined Opettions Plan (COP), including construction and operation of Tamiami Bridges,
have affected and are likely tontinueinfluendng water conditions withieNP (USACE 2014,
USFWS 2016, USACE 2020 SACE/ENP/SFWMDR023. As outlined in CEPP and COP,
restoration activitiebaveincreasd water deliveries from WCA 3A to ENP through NESRS
(USACE2020. Under the preferred plan (ALTQ+) identified in COP, water delivery into ENP
(both northeast and western SRS combinegprojected to increase by 25%, and the delivery
into NESRS is projected to increase by approximately 162,00detrper year on average
(USACE 2020)In fact,the volume of water delivered to the NESRS region has consistently
increased since the implementatiof Increment Field Tests associated with the Modified Water
Delivery (MOD) followed by full implementation of COP in 2020 (USACE/ENP/SFWMD

2023) resulting in an increase in hydroperand mean water depth in the region (Sarker et al.
2020; Nocentini et al. 2024Changes in water conditions witHENP have begun showing

effects on vegetation composition (Sah et al.4202024, 2025 Nocentini at al. 2024andare

likely to continue affectinggegetation communities in SRS and marl prairies on both sides of the
slough.

In 2005, we initiated a lonterm study of vegetation dynamics in relation to changes in
underlying environmental drivers, especially hydrology, alondMReS gradient. The broader
goal of the study is to assess the impact of Everglades restoration activities on plant communities
along the gradient, and to detect any shithetransition zondetween those communities. The
study is now conducted on six transects (M1 to M6) that extend across SRS into adjacent marl
prairies. Shark Slough portions of famnsects (MAM4) overlap transects that were established
and surveyed under differesponsorships1 19982000 (hereafter 1999 study), providing the
prospect of assessing letgyrm temporal change in vegetation in those areas.

In the ongoing monitoringtudy, our specific objectivese i) to characterize recent
vegetation composition along the marl prasieugh gradient, and ii) to assess changes in
vegetation in both the Shark Slough and marl prairie portions of the trasseetd999 and
2005, respectivelyWe hypothesize that variation in vegetation composition along th& MP
gradient is mainly driven by hydrology, i.€uration and depth of flooding. We also hypothesize
that Shark River Slough vegetation folloatemporal trend in hydrologic regime, amithelast
twenty-five years has changed in species composftrehtoward assemblages more indicative
of dry conditionsand then toward wetter typds addition, in compliance with theontrasting
water management goals the east and west peripher@sSRS, we hypothesize that marl
prairie vegetation follows a spatially differentiated temporal trend in hydrologic relylore.
specifically,vegetation in the western marl prairigsuld continueshifting toward a drier type,
while vegetationn the eastern marl praigevould shifttoward a wettetype



2. Methods

2.1Study Sites

This study igart ofanongoing longterm vegetation monitoring program along 48P
gradiensin the southern Everglades. The study design includes six transects (M1 to M6),
varying in length from 3.4 km to 35.8 km. Five (MI5) of these six transects were established
in 2005, when systematic survey along{8Rradient began. Four transects {M4) extend
across SRS to adjacent shbydroperiod marl prairie habitaigure 1). M1, located in NESRS,
extendsonly to the marl prairie east of the slough. M&jorally covered an area restricted to the
ridge and slough portion of tf&hark River Slough (SR®gsin extending oreitherside ofthe
L-67S canal. But in 2015, this transect was extended further east by 5 km (hereafter, named as
M2E), thereby covering prairie vegetation along the eastern boundary of the ENP and
transitional zone between marl prairie in NESRS and R&S landscape irB8R3V3 and M4
transecst extend across SRS to marl prairies on both sides of the slbragisect M5 covers an
area between fresh and brackish water ecosystems in the southeastern corner of SRS, extending
to the east into freshwater marl prairiesated on both sides of tivain ParkRoad. Transect
M6, established in spring 2019, extends from Main Park Road, southwesHafy2kee, to the
edge of SRSHigure 1).

Landscape Pattern - Marl Prairie & Slough Gradient (Transects)

Everglades National
Park

Legend

\"5 MP&S Transect Points

® Slough

®  Prairie

® M2 -Added in 2015
D 25 § 10 15 20 M6 (Added in 2019)

e e Kilometers

Figure 1: Location map of Marl prairiSlough Gradient Study plots on TransectsMa
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Table 1: Sites survegdon MAP transects MMM6 between 2005 ar2024 The numbes of siteson each transect
sampled duringhe 5year project performance period (262924)arein bold.

Sites Surveyed
Transect Sampling Slough sites Prairie sites
Event Number of Number of
Year . Year .
Sites Sites
El 2005 20 2006 11
E2 2008 20 2009 11
ML E3 2011 20 2012 11
E4 2014 20 2015 11
E5 2018 20 2019 11
E6 2022 20 2023 10
E1l 2005 25
E2 2008 26
E3 2011 25
M2 & M2E =4 3 > m— -
E5 2018 25 2019 18
E6 2022 26 2023 18
El 2006 37 2007 72
E2 2009 37 2010 72
E3 2012 37 2013 72
M3 E4 2015 37 2016 71
2020 38
E5 2019 37 e >
E6 2023 38 2024 38
E1l 2007 55 2008 32
E2 2010 55 2011 32
M4 E3 2013 55 2014 32
E4 2016 50 2017 30
E5 2020 55 2021 30
El 2008 31
E2 2011 31
M5 E3 2014 31
E4 2018 31
ES 2022 31
M6 ES 2019 N

In themost recenb-yearcycle of the project (2022024), wecompleteda vegetation
surveyonall five transects (MAM5). In bothR&S and marl prairie portions ahe transects M1
andM2 and in the slough and eastern marl prairie portions ofMéi@etation was sampled for
the 8" time. Likewise, nthewesternprairie portion of M3 (M3W), and in both the slough and
prairie portions oM4 and M5 the vegetation was samplfedt the 3" time. As in the previous
surveyssdites in the slough portions of the transects were accessed for sampling in the wet season
by airboat, and in the marl prairie pori®of the transects M1, M2 (i.e., M2E), M3 and M4, and
all sites on M5 weraccessed for sampling dry seasoiby helicopterOne site 13-1200Q was
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the exception. This sitevhichhad previously beeaccessed by helicopter, was accessed by
airboat in 2023lue to extendeflooding throughout the year. Likewisene site ofTransect M1
(M1-0300) and two sites on M4 (M20500 and M4200Q werenot samplediuring this survey
becausehe growth ofcattailand sawgrassn the site madethe plot almostinaccessibleln fact,
M1-0300 was also not sampled during the 2018 suiMeyeover another sitdM3-03600)had
also not been sampled afteethird (E3) samplingbecausé¢he sitehad changed to open water
sincethe spring 02016 wherthe water level was unusually high in the region

2.2Vegetation survey

Vegetation was surveyed in a nespot design that allowed for efficient sampling of the
range of plant growth forms (herbs, shrudrsd trees) present along the transects (Ross et al.
2005; Sah et al. 2G4). Vegetation pots weresampledat 206500 m intervals. Higher intensity
sampling occurred in areas accessible by airtb@sed on the contention that increased sampling
intensity would enable us to make a more meaningful comparison of current vegetation with that
present on the same transects in 1999 (Ross et al. 2001; Ross et al. 2003). At each survey site, a
PVC tubeor EMT marked the SE corner of a 10x10m tree plot. Nestedmifich tree plot, a
5x5m herb/shrub plot was laid out, leaving-en buffer strip along the southern and eastern
border of the tree plot. In the 10x10m tree plots, we measured the DBH and crown length and
width of any woody i n dalculatetlgpedies ©OvebassomimgBH and t
horizontally flattened elliptical crown form. Within each 5x5m herb/shrub plot, we estimated the
cover class of each species of shrub (woody stems>1m height and <5cm DBH) and woody vines,
using the following categories: <1%-4%, 416%, 1633%, 3366%, and >66%. We estimated
the cover percent of herb layer species (all herbs, and woody plants <1m height) imfive 1
subplots located at the four corners (NE, NW, &kl SW) and the center (CN) of the 5x5m
plot. Species present in the 5x5m plot but not found in any of tAeubplotswereassigned a
mean cover of 0.01%. In additicim, enable estimation of plant biomaassuite of structural
parameters was recorded in a 0.2§omadrat in the SW corner of each of the fivbats.
Structural measurements included the following attributes: 1) The height and species of the
tallest plant in the plot; 2) Canopy height, i.e., the tallest vegetation present within a cylinder of
~5cm width, measured at 4 points in each 0 2fimdrat; 3) Total vegetative cover, in %, and 4)
Live vegetation percent cover, expressed as a % of total cover.

2.3Water depth measurements

In the field whenever there was standing water, we measured water depths in each
subplot of a sitefField water depths in combination with EDEN (Everglades Depth Estimation
Network, http://sofia.usgs.gov/edgwater surface elevation data serve as the basis for
calculation of ground elevation and estimation of hydrologic conditions at each site. Water depth
was measured at each site along a transect, whether marl prairie or slough. We measured water



http://sofia.usgs.gov/eden
http://sofia.usgs.gov/eden

depths at the PVC, the marker of the plot, and in the center of five vegetatiplotuin a

5x5m plot. At the marl prairie sites of four transects (M1;M&), water depths were measured

in the Fall of 2008. Likewise, water depths on Transect M2E wessuared in Spring 2016,

when the water level was unusually high, and the area had up to 30 cm of standing water. On the
most recently established transect, M6, the water depths were measured in August 2019.

2.5Data Analysis
2.5.1 Hydroperiod and annual mean water depth

We used field water depiterived elevation and EDEN water surface elevation data to
estimate the hydrologic conditions at eacdinveysiteon an annual basi8Ve calculated the
ground elevation of each plot using mean water depth for the plot and EDEN estimates of water
surface elevation at the plot center during the ssumeeydate. Daily water levels for each plot
were estimated based on ground elevation and the time series data of water surface elevation
extracted from EDEN database. The hydroperibd (tumber of days per year when a location
had water depth >0cm) and mean annual water depth were calculated for each plot. We then
averaged hydroperiod and mean annual water depth for the four water yeari ¢Muai} BO™)
prior to eaclsurveyto examine vegetation response to hydrologic changes.

2.5.2 Fire frequency and time since last fire

A fire geodatabase, covering the period 1948 to 2012 (Smith Il et al. 2015), was
obtained from Everglades National Park (ENP). The shape files forZIPHires were also
obtained from th&NP and later added to the geodatabase. The database contains shape files of
fires with other attributes such as type of fire (Natural, RX, incendiary, etc.), date of incidence,
etc. Thefire datawereused to calculate fire frequency and time since the last fire (TSLF) for
vegetatioamonitoring sites on transects M6 using ArcGISPro.

2.5.3 Vegetation classification and ordination

We summarized species data by calculating the importance value (IV) of each species
presentitheher b and shrub | ayers in each plot. We
= (relative cover + relative frequency)/2. Species that did not occur in any of five subplots but
occurred within the 5 x B? plot were assigned a frequency of species occurrence as 4%. The
assumption was that, had all 25 1 x 3smbplots within a plot beesurveyedthe species would
have occurred in at least one subplat.analyze the changess peci es ® abundance
major species were identified in each section of the transeetsritgrionof meanlV greater
than 2.0% at slough portions greater than 4.0% at marl prairie portioHewever, for the marl
prairie sites of the transelgtl andwestern portion of M5 (i.e., M5Wjhe species with theean
IV greater than 3.5%vere considered major species

Vegetation types at all sites that were surveyed along the five transects between 2005 and
2008 had already been defined using a hierarchical agglomerative cluster analysis (Sah et al.
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20159). In the analysis, Bragurtis dissimilarity was used as the distance measure, and
relatedness among groups and/or individual sites was calculated with the flexible beta method
(McCune and Grace 200For this study, similar method was used to define the vegetation
types at the sites surveyed on five transects-kM). during the most recent surveys over last

four years (2022024), when the transects M1, M2 (including M2E) and M3 (Slough and
eastern piiae) were surveyed for the sixth time (E6), @48 (western prairie), M4 and M5

were surveyed for the fifth time (E3Yon-metric multidimensional scaling ordination (NMDS)
was done to analyze the shift in species composition using trajectory ansdgsize{ow sub

section 2.5.h

2.5.4Vegetation structure andiomass estimation

For the sites in the marl prairie portion of the gradient, vegetation structural measurements
were summarized for each plot, and mean canopy height and total vegetative cover were used to
estimate aboveground plant biomass, using the allometric equatietoded by Sah et al. (2007)
for marl prairie vegetation within CSSS habitat. The equation for calculating biomass was as
follows:

— .~ . 0£ 0D Qi R
N6 "QE & wipgk T Y p&)né(AOAOEg—nX—n 8t wd( O

where, Biomass = Total plant biomass (§/n€over = Crown cover (%), and Ht = Mean
crown height (cm).

To account for the variability inherent in the repeated measurement of vegetation structural
variables (vegetation height, total cover, and green cover) and above ground biomass, General
Linear Mixed Models (GLMM) were used to examine differences in stracwariables and
among survey year§he \egetation cover was square rt@nsformed and biomass data was log
transformed to approximate normality. Models were run in R v.4.3.1 (R Core Team, 2023) using
the I mer function i n 18)hSites @PlothDg Webe trgatedt ds a gpedonf Ba t ¢
variable. We treated sampling event (Sampyear) as a fixed effect to examine the differences in
cover, height, and biomass among sampling events, which was done in a post hoc test using glht
function implemented mmulcom@® p a dNeverthelessghe nonparametri@vilcoxon Paired
Test was used to examine the differences in importance values (IV) of major speciesamwveyng
years.

2.5.5 Vegetation response to hydrologyrajectory analysis

At both marl prairie and slough sites on TransectsN&l changes in vegetation
composition sincéhe 1999surveywere analyzed using trajectory analysis (Minchin et al. 2005;
Sah et al. 2014), an ordinatiased technique designed to test hypotheses about rates and
directions of community change. In the NMDS ordination performed for trajectory analysis for
slough sies, we included vegetation data for prairie as well as R&S sites that were collected
between 1999 and 28. Prairie sites were included tovay the full range of hydrologic



conditions on the transects. In the NMDS ordination, the hydrology vector represented by mean
annual water depth was defined through a vector fitting technique in DECODA (Kantvilas and
Minchin 1989; Minchin 1998; Sah et al. 2014). To quantify the degréeade of change in
vegetation composition along the reaekrerence ve
calculated (Minchin et al. 2005). Delta, which measures the total amount of change in the target
direction, was calculated as the differenceMaen the projected score at the final and initial time

steps. Slope measures the mean rate of change in community compositedirection othe

target vector. The statistical significance o
Carlo simulations, with 1,000 permutations of tim@ortancevalues(lV) of species among

surveyswithin each trajectory; the NMDS ordination and calculation of trajectory statistics were
repeated on each permuted data matrix.

2.5.6 Weighted averaging and Vegetatiorferred hydroperiod

Vegetation change analysis in the marl prairie portion of the gradient also included
calculation of vegetatieinferred hydroperiod, i.e., the hydroperiod for a site indicated from its
vegetation composition using a weighted averaging (WA) regression noaelrainingdata
set with which we developed the WA regression model was the species cover data, instead of IV
used in trajectory analysis, plus hydroperiod estimates from 291 plots topagcaphically
surveyedransects within the Cape Sable seasjBrrow habitat (Ross et al. 2006). In
developing the WA models, species cover values were fourth square root transformed, which
downweights the influence of very dominant species. Mean hydroperiod was calculated across
differenttime periodqi.e., years preceding vegetation survey). The performance of the models
was judged by the improvement id ®alue and RMSEP (root mean square error of prediction).
RMSEP was estimated by a leameeout (jackknife) crossalidation procedure, in which a
model is deeloped from all samples except one and consequently applied to predict the
hydroperiod of the lefout point based on its vegetation. We used theréyram(v. 1.7.7)of
Juggins (2@6) to develop the WA model.

Finally, the WA model was applied to the calibration datavaeich included vegetation
datacollected at the marl prairie portions of the TransectsM®lduring multiple sampling
periods (EiE6).The predicted hydroperiods dnfemedt hose s
hydroperiod6é. A -infelredl hygreperiochbetweergsedcessive sumey dates
reflects the amount and direction of change in vegetation, expressed in units of8ay% (0
along a gradient in hydroperiod.
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3. Results

3.1 Hydrologic pattern (199-2024)

Hydrologic conditions in Shark River Slough and adjacent marl prairies variexdh
space and timever the last two andhalf decadedn the slough portion ahetransects studied
(M1-M4), bothhydroperiod and annuateanwater depth averaged over four years priaaoh
vegetation survey varied over the 998023 period. In the four years preceding the 1999 (EO)
vegetation survey, mean hydroperiod on all four transects were >360Higy® (2) andmean
(x SD) annual water depths were 38.0 + 6.84457.7, 42.8 + 10.3 cm and 42.2 £+ 5.3 cm on
transects M1, M2, M3 and M4, respectivelygure 3). At the slough sites on those transects,
mean hydroperiod and annual water depth wayeificantlylower during three subsequent
surveys (2002007 (E1), 2002010 (E2) and 2022013 (E3))than the 1999 surveyHowever,
duringthe 20142016 (E4) surveyhat coincided with the beginning of increment in water
delively into ENPdue toField Tests associated with the Modified Water Delivery (MOD)
sloughsites were wetter than ti survey andfour-year average hydroperiodthe siteson
M1, M2, M3, and M4 wer@&17, 337, 340and 3% days Figure 2) while annual mean water
depths were 26,43 32 and 38 cmHjgure 3), respectively

Violin plot tails: Range of data, including outliers. Boxplot: Mean+SE; Whisker: Mean+0.95 Conf.Interval
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Figure 2: Violin plot showing hydroperioddays)averaged over four years prior to vegetation survey in the Shark

River Slough portions of MAP transects M1, M2, M3 and M4. Different letters repraségnificant(pairwise t
test; p < 0.05) difference inylear average hydroperiod among surveys on individual transects.
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At the sites on these transects (M), the wetting trend observdxbtween E3 and E4,
continued through ¥£(20182021), whenfour-year average hydroperiods were23239, 343
and 363days Figure 2), and annual mean (+ SD) water depths w&8 86.8, 38.6+ 6.9, 38.0
+ 10.6cmand 428 £ 5.5cm, respectively(Figure 3). Nonethelesgyothhydroperiod and mean
annual water depttiuringthe 20182021 (E5) surveywerestill lower than inthe late 19906E0)
except for M4 for which meanhydroperiod wasnly one dayshorter and mean water dejtb
cmhigherthan in thefour years prior to the 1999 survelhe weting trendpersisteduntil the
most recent survey (E6: 202D24) on thetransects M]IM2 and M3 On theslough sites of
thesethreetransects, fouyear average hydroperiods w&46, 349 and 350days Figure 2),
and annual mean (+ SD) water depths W&+ 6.6cm, 41.0+£ 6.9cm, and 40.7 + 10.9 cm,
respectively Figure 3). During the E6 (2022024) surveythehydroperiodon each of thevi1,
M2 and M3transects and mean water depth onavi@d M3werestill lower than the hydroperiod
and water depth in the late 1990s (EO)cdmtrast, at theites on M1, which is entirely located in
the NESRS regigrihe meanwater depthlduringthe E6 surveywas 7.6 cm higher thahemean
water depttduring the years prior tihe EO (1999 survey.

Violin plot tails: Range of data, including outliers. Boxplot: Mean+SE; Whisker: Mean+0.95 Conf.Interval
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Figure 3: Violin Plots showing annual mean water depth (WD) averaged over four years prior to vegetation
survey in the Shark River Slough portions of MAP transects M1, M2, M3 and M4. Different letters represent
significant (pairwise-test; p < 0.05) difference inylear average water depth among surveys onisha
transects.
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Water conditions in the marl prairie portion of transect M1 varied among different
surveys. Mean hydroperiod, averaged over four years befoB®@8eE?2) survey was 22 + 30
days, i.e.67 days shorter than in the years bef2006 E1) (Figure 4a). However, the
hydrologicalconditions in subsequent years,,iadter the EZurvey became wetter, and the
wetting trend continued until the most recen22(E6) survey, when the mean hydroperiod was
106 days longer than in thfeur years before E2. A similar trend was observed on M#tich
wassurveyedn 2015 for the first time and then two tim@019and 2023 thereafter On this
transect, the mean (£SD) hydroperiod 889+ 19days in 2@3, i.e, 45 and30days longer
thanthe hydroperiod durinthe 2015 and2019 surves, respectivelyFigure 4a).
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Figure 4: Violin Plotsshowingmean (x95% CI) hydroperiod (a) and annual mean water depavébaged over
four years prior to vegetation survey in tharl prairieportions of MAP transects Mand M2 (M2E) Different
letters represent significant (pairwistest; p < 0.05) difference inyear averag@ydroperiod andvater depth
among surveys on individual transects

13



Onthe marl prairie portion ofransect M1, the-4ear average annual mean water level
during the 2@3 (E6) survey wa#l5.7+ 11 cm, which was higher than all the previous surveys
(Figure 4b). Likewise, inthe years prior t@023, Transect M2E had an annual mean water depth
of 46.8+ 16.1cm, i.e, 24 cm andl4 cm higher than durinthe years prior to th2015 and2019
surveys, respectively(Figure 4b). In generalhydroperiod and annual mean water depth are in
tandem with each other. But on the marl prairie portion of Transect M1;\thardverage
annual mean water level was lowest during E3, not during E2 as was observed for hydroperiod
(Figure 4b). However, both the hydroperiod atiee mean annual water level before the 2015
(E4), 2019 (E5)and 2023 (E63%urveys were higher than E2 and E3. The differences in
hydrologic conditions between survegspeciallythe discrepancy between hydroperiod and
annual mean watédevel observed between E1 an@ &s well as between E4 an@ RAppendix
1), were dudo extreme event3Vhile the prolonged dry period between 2006 anB2adv
water levels dip far below the ground level, in the spring of 201 1just before the "8 survey
(E3), the water levedn both M1 and M2BEvas the lowest ithelast two decades-{gures5, 6).

Mean Monthly Water Depth (cm) in Marl Prairie Portion of Transect M1
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Figure 5: Mean monthlywater depth on the marl prairie portion of the transect M. trend line was fitted usiray
polynomial model.

In the marl prairie portionf both M2E and M1, the wetter condit®during the 2019
and 2023urvey thann the previous surveysereexpected, as these transects are in the NESRS
region, where water delivery from the WCAs to the Park were enhanced during the 2016
emergency operatiorfdbtew andCiuca, 2017)and winter of 2020/2024nd 202/2023 (Cortez
et al. 2022 Cortez 202) In addition, the water delivery to this region is higher in recent years
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than before the 2015 survdye tothe MWD field tests followed by full implementation of COP

in 2020 (USACE/ENP/SFWMD 2023pesulting in water levelthatrarelyrecededelow the

ground, as shown by mean monthly water level on Transéggaré 5). In fact, at 9 of 11 sites

on M1, and 15 of 18 sites on M2E, water level never receded below the ground in two years, WY
2022 and WY 2023Also, mean monthly water levels alotigese transecesorevealecan

increasing trenth recent yearsHigures 5, §.

Mean Monthly Water Depth (cm) in Eastern Marl Prairie Portion of Transect M2 (M2E)

100
80

60 1

N
=]

Water Depth (cm)
o

)
S

40

-60

80

-100

P N N S PP EA PSRN DN DR W L, -]
NN S R O NN RO N SN N S N N

T T T T T T P P PP T T ST T T T S S
Y oY Y Y oY oY Y oY oY Y Y Y Y oY Y Y Y Y Y Y YN N

Figure 6: Mean monthlywater depth on the marl prairie portiontainsectMi2 (M2E). The trend line was fitted
usinga polynomial model.

Thehydrologic conditios on transecM3 are described through E6 (2024) while those
on M4 and M5aredescribednly throughE5 (2018-2022) Transectd3 and M4 are unique, as
the hydrologic conditions in the marl prairie portion of these two transects differ between eastern
and western sections, i.theeastand west sides of SRS. On transect M3, water conditions were
wetter in the eastern than western prairies. Howeeaditionson both sides of the slougbere
muchdrierduring E2 than Elin contrag an increasing trend in bothe fouryear average
hydroperiod and mean annual water depth was observed durisgibequergurveys(Figures
7, 8, althoughin the western portiohothparameters decreaskétweerE4 andES (Figure 7b).
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Figure 7: Violin Plots showingmean (x95% CI) hydroperiod (a) and annual mean water deptvébdged over
four years prior to vegetation survey in the marl prairie portions of MAP transkotvMch isseparated into east
(M3E) and west (M3W) based on location of sites on both sides of Shark River Shiteglon theastern portion
of Transect M3 wresurveyed last (E6) in 2@2whereas the sites on western portion of M3 were l&gtglrveyed
in 2022.Different letters represent significant (pairwisiest; p < 0.05) difference uryear average hydroperiod
and water depth among surveys on indivicseadtions of the transect.

The eastern prairie sites of M3 were significantly (Pairgdst; p < 0.001) wetter during
the most recent survey, 20¢E6) than during previous surveyBuring the E6 surveyhe mean
(xSD) of four-year average hydroperiagas 329 34 days, which was 69 days higher than
during E5 and 97 days higher than the hydroperiod during E1 (Appendbhg)fouryear
average water depth during E6 was also 17 cm higher than duri&ynEs.the western marl
prairie portion of M3vas notsampled during EB, it is ipprtant to compare the hydrologic
changes between eastern and western marl grailg until ES, especially when a different
trendin hydrologicalchanges wasbservedetweerthetwo regions Figure 8, Appendix 1).
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Mean Monthly Water Depth (cm) in Eastern and Western Marl Prairie Portions of Transect M3
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Figure 8: Mean monthlywater depth on the marl prairie portgof transecM3, separated into east (M3E) and
west (M3W) based on the locationrofrl prairiesites on both sides of the Shark River Slougte trend line was
fitted usinga polynomial model.

Onthe eastern marl prairie portion of Nid., M3E) while themeant SD (260+ 41
days)four-year average hydroperiatliring E5 was the same as during the E4 sufivgyure
7a), the mean annual water depth v8ak cm highergaired ttest: n =41, p < 0.00) during the
2020 survey than during the 2016 sur{Elgure 7b). Likewise,the sites on MB hadlonger
hydroperiods andeepemwater depths during the four years prior to E5 than that ofthe E
survey In contrast, the sites on M3W had shorter hydroperiods and shallower water depths
during the four years prior to E5 than that of all previous surveys, includinig E&2 (E5), the
four-year average hydroperiadthewestern prairiesf M3 was191+ 74 days while the mean
annual water deptwas-3.6+ 13.0cm. It is alsoimportant to note that at the western prairie
(M3W) sites, despite unusually higiater conditions in the spring of 20(64), the fouryear
mean annual water depth associated with the 20ty was still significantly lower (paired t
test: n = 31, p < 0.001) than duritige 2007 (E1) surveyRigure 7b). Also, the difference in
water level between M3E and M3W was very distinct in the dry season, when wateatevel
western sitedroppedar below the grond (Figure 8), primarily due to different seasonal
closure schedules of thel2s between Nov 15 and July 15.
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On thetransectM4, the hydrologic conditions in the marl prairie portion also differed
between eastern and western isest(Figure 9). In this region of the marl prairie landscape, the
Main Park Road affects the hydrologic conditidnsgeneral, seslocatedsoutheast of the road
(M4E_1) were drier than sites in the northwestern portion (M4E_thediransectFigure 10).

The difference in water level is especially distincthadry season, when the water level at
eastern sitefalls far below thesurface while sites between thdain ParkRoad and th&RShad
water level higher thawater level at theastern sites, but lower thtre sites west of SRS.
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Figure 9: Violin Plots showingmean (+95% Clhydroperiod(a) and annual mean water depth &veraged over

four years prior to vegetation survey in the marl prairie portions of MAP transeaddarated into east @&) and

west (MAW) based on location of sites on both sides of Shark River Slough. M4E is further separated into M4E_1
and M4E_2, based on the east and west side of the MairRBadkDifferent letters represent significant (pairwise
t-test; p < 0.05) difference inylear average hydroperiod and water depth among surveys on individual transects.
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On transect M4, in the prairies on both sides of the slough, it was drier during E1 than
duringany other surveyin fact, loth the fouryear average hydroperiod and mean annual water
depthshowed an increasing treddring the nextour surveys. The increase in water depth
across thdive surveys was less in the western praifieks3 cm) than in the eastern prairie20~
cm) (Figure 9b). The fouryear average hydroperiquiior to E5 (2021) surveyn M4E_1,

M4E_2 and M4W portions of this transect w@B3 (+ 11), 335(x 23) and323(x 53) days,
respectively Figure 93a). Likewise, the mean annual water depths vi€rd (+ 4.2), 32.3(+
10.0 and30.4(x 166) cm,respectively Eigure 9b).

Mean Monthly Water Depth (cm) in Eastern and Western Marl Prairie Portions of Transect M4
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Figure 10: Mean monthlywater depth on the marl prairie port&wf transectM4. Transect M4 is separated into

east (M4E) and west (M4W) based on location of sites on both sides of the Shark River Slough. The eastern marl

prairie sites are further separated into €lsltE 1) and west (M4E_2) of th®lain Park RoadThe trend linewere

fitted using polynomial modsl

On ransect M5boththe fouryear average hydroperiod and mean annual water depth

exhibited an increasing tremairingthe E1 toES surveyperiod(Figure 11a, b). However,
conditionswere consistently wetter at sites west of the Main Park Road than at eastern sites
(Figure 12). Particularly, inthedry season when the water level drops below the groond
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both sides of the Main Park Rqate water level in M5W remains about 20 cm higher than
water levelin M5E. Between 2008 an?022, the fouryear average hydroperiod increased from
238to 331days and from 1®to 309days on the western (M5W) and eastern (M5E) portions of
the transect, respective(lfigure 113. In 2008(E1), the mearannual water deptwere4.4 (+

4.0) and-3.1 (= 4.3)cm in the westerand esternportionrs of the transectespectivelyFigure

11b). However, the increase the mearannual water depth betweBd ande5 surveyswas
muchhigher inthe eastern portionf the transedhan in the western portiom 2022 (E5), the
meanannual water deptiwere16.3 (+3.8)and10.3 ¢&4.0)cm in the westerand astern

portiors of the transectespectively
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Figure 11: Mean (x95% Clhydroperiod(a) and annual mean water dek) averaged over four years prior to

vegetation survey in the marl prairie portions of MAP transect M5. The transect M5 is separated into east (M5E) and
west (M5W) based on location of sites on both sides of the MainFRett. Different letters represent significant
(pairwise ttest; p < 0.05) difference in hydroperiod and mean water depth among suruegg/mual sectiors of

the transect. The transect was la$i)(&urveyed in sprin@022
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Mean Monthly Water Depth (cm) in Eastern and Western Portions of Transect M5
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Figure 12: Mean monthlywater depth on eastern and western portions of the transect M5. The transect M5 is
separated into M5E and M5W based on the sites east and westdithBark RoadThe trend line werefitted

using polynomial modsl

3.2 Fire frequency and time since last fire

Historically, sites on the MiS gradient transects have burned frequehttyever,
between 1990 and 2005, the period that inclutled0 vegetation survey1998-2000)in SRS
there were few fires within the area. Burned plots included only two sites on M2E in 1990, and
eight siteson M4, where fousitesburned in 1999 and four in 2003. After 2005, when vegetation
monitoring began at regular interval®ong marl prairieslough(MP&S) gradient transectgire
frequencyseens to haveincreased. Both prairie and slough sites on four transects (M1, M2, M3
& M4) frequentlyburned due to either prescribed burns (Rx), huosarsed fire olightning-
ignited fires(Table 2). Several ges on TransestM4 andVi5 and almost all survey sites on
Transect M6 were burned in 2Q28hile ten sites on M4 burned in 2024.
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Table 2 Vegetation survey sites burned over the study period (2023). The fire attributes were obtained from
theFire database of Everglades National Park.

Fire Name Year M1 M2 M2E M3 M4 M5 M6
Between 1990 and 2005 0 0 2 0 8 0 0

L67 Rx 2005 0 1 0 0 0 0 0
Airboat 2006 18 4 6 7 0 0 0
U Road Rx 2007 0 0 10 0 0 0 0
Coptic 2007 1 0 0 0 0 0 0
West L67 WFU 2007 0 1 0 0 0 0 0
Mustang Corner 2008 11 1 9 44 0 0 0
Shark Valley Tram Rx 2009 0 0 0 1 0 0 0
ROG NE Rx 2012 0 12 0 31 0 0 0
EE 1 Rx 2012 18 13 0 0 0 0 0
ROG NW Rx 2014 0 0 0 11 0 0 0
Branch 2015 0 0 0 1 0 0
Dog Wood 2015 0 0 0 0 0 0
ROG West wui 2017 0 0 0 0 0 0
Cane Mill Hammock 2018 0 0 0 0 1 0 0
ROG NE 2018 0 12 0 24 0 0 0
Western Pines 2018 0 0 0 0 10 0 0
ROG East 2019 0 0 0 0 12 0 0
Guava 2020 0 0 0 0 18 0 0
MoonFish 2020 0 0 0 7 0 0 0
Northeast EE3 Rx 2021 4 0 0 0 0 0 0
Northeast Corner 2021 0 6 0 0 0 0 0
Shark Slough 2021 0 1 0 0 0 0 0
ROG West (Dr311) R 2022 0 0 0 0 24 0 0
EE-1 (DR311) Rx 2022 11 4 0 0 0 0 0
EE-4 (BIL) Rx 2022 0 1 3 0 0 0 0
Tarpon Rx 2023 0 0 0 0 22 15 34
Western Pines Rx 2024 0 0 0 0 10 0 0

The firefrequency on these transects otrex77 years (1948024) for which fire data
wereavailable from ENP records is summarizedrigure 13. Fire frequency was as high as
1.25 fires per decade, and northern transectsNM)Lburned more often than southern ones
(M4-M6) where fire frequency was as low as 0.1 fires per decade. An exception was the eastern
portion (east of Main Park Road) thie ransect M4, where some sites had fire frequesiroylar
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to thoseonthe marl prairie portion of the northern transe@@$.the four transects (MM4) that
include both prairie and slough sites, fire frequency was higher in the marl prairie sites than the
slough portion of the transectdowever,at themarl prairiesites, 1.25 fires/decade (i.e., fire

return interval of 8 years) is within the range of the recommended stratefjy2y&ars set by

the Everglades National Park Fire Management Plan (NPS 2015).

Marl Prairie-Slough Gradient Transects
Flre frequency (1948-2024) Tamiami Trail

N o
Big Cypress A ,"
National Preserve @ "
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Marl Prarie
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Everglades B | egend

National Park 2l . Flre Freq. (fire/decade)
¥ (1948-2024)

e 0-020

0.21-0.40
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0.61-0.80
¢ 081-1.00
e 101-125

Figure 13: Fire frequency (number of fires/decade) at the vegetation survey sites on Tranddé Mite
frequency was calculated over years (1948024) for which the fire shape files were available in Everglades
National Park Fire database.

Fire regimes, including fire intensity, frequenayndtime since last fire (TSLF).e.,the
time elapsed between the burngghr and vegetation survegre one othemajor drives of
vegetatiordynamics in the Everglades, including the vegetation pattern observed at the survey
siteson theMP&S gradientransectsA comprehensive analysis of the effects of fire and its
interaction with hydrology on vegetation compositionadirsix surveyed transects isxderway
and the detailed results will be includedhe 2025/2026 report, when all transects will have
been sampled for thé"@ime.
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3.3 Vegetation change
3.3.1 Vegetation changa Slough (19992024

The slough sites on three transects {M3) were sampled six times after the 1999
survey, while those on M4 were sampled only five times. Moreowver, the two and half
decades, vegetation shift patterns differed among four transects, dependirig londtien
alongthenorth-south gradient of SRS wo transects, M1 and M2, which are in the noatd
weremost recenthsurveyed ir2022,showed a similar pattern in vegetation stBitween 1999
and 2022, marsh vegetation these two transectbowed ashift in relative abundance of
species that ereindicative of sensitivity to hydrologic change. However, the direction and rate
of vegetation change was not uniform throughout the study. Trajectory analysis results revealed
thatspecies compositioat slough sitesf M1 and M2tracked thdrend in hydrologic changes
and continued to shift towards drier vegetation types until 2011 Hp)rés 14, 15). However,
between 2011 (E3) and 2022 (E6), species composition shifted in the opposite direction, i.e.
toward wetter vegetation typda.thefirst three years, i.e., between 2011 and 2€ie! shift
toward wetter vegetation was nominespecially on Transect MHowever, on both transects,
the dange in vegetation compositiarasvery distinctbetween 2014 (E4) and 2P(E6), the
period markd by an increase in both hydroperiod and mean annual water &epihe§ 2, 3.
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Figure 14: NMDS ordination biplots of the trajectory of centroids, calculated using the Axis scores of sites on
sloughportions of thefransectM1, and the community characteristics/environmental vectors fitted in the ordination
space. The ordination is based on species abundance data ceéaerimes betweerd999and 202 on this
transect The initial point of the trajectory represett®99,whereas the end pdiof the trajectorys 2022.
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Figure 15: NMDS ordination biplots of the trajectory of centroids, calculated using the Axis scores of sites on
sloughportions of theTransecM 2, and the community characteristics/environmental vectors fitted in the ordination
space. The ordination is based on species abundance data cekeaaines betwee2000and 202 on this
transect The initial point of the trajectory represe2000,whereas the end point of the traject@p022.

Moreover, the results revealed that ov@8ars between 199@and 2022only afew
sites were significantly displacedvay from the base yealong the hydrologic vectois the
ordination spaceXppendix 2), resulting inproximity of centroids for both 1998nd 2022
surveyed years in the ordination spdegre 14, 15). Thissugges that atmostsites on those
two transects, species composition in 2022 veag similar tothe compositiorduring the1999
survey.

On these two transects, vegetation change patterns are also reflected in changes in
importance values (IVOf major speciegMean IV > 2.0%)over the study period. As expected,
the IV of sawgrassdladiumjamaicensgincreased when the sites were getting drier but then
decreased after the E3 (2011) surveig(re 16a, 17g Appendix 3a). There was no significant

25



difference (Wilcoxon Paired Test:y@alue = 0.733 & 0.463 for M1 & M2, respectively) in
sawgrass importance values between EO (1999) and E6 (2022) surveys. On transect M1, the
mean sawgrass importance values were 33.1% and 34.7% during the EO (19992022} 6
surveys, while on M2, the sawgrass IV were 37.2% and 35.2%, respectively, during those two
surveys. Likewise, during the EO (1999) and E6 (2022) surveys, the mean importance values
(IV) of spikerush Eleochariscellulosg were 11.8% and 16.7% on Mihile that werel5.9%

and 15.3% on M2, respectively. ¢ontrastimportance Valuel{) of Utricularia species on

both M1 and M2, and IV of maidencarféapicum hemitomgron M2, were the lowest during

E2 and/or E3 survey$igure 16c¢, d; 17c, d, 9, whentheslough portion of those transegtas
relatively dry Figures 2, 3. However, IV of these species significantly (Wilcoxon Paired Test:
p-value <0.05) increased between the E3 (2012) and E6 (2022) surveys. Also, the mean
importance value of lemon ba@Bacopa caroliniang anindicator species of wetness, on
Transect M1 was higher during the E6 survey than it was two decades ago.
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Figure 16: Violin plots of major species' importance value (V) in the slough portion of Transect M1 for the 1999
survey and all six surveys (EH36) done between 2005 and 20P¥ferent letters represent significant (Wilcoxon
test; p < 0.05) differences in species cover between different surveys.
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ss1'5r0ansect M2 - Violin plot tails: Range of data, including outliers. Boxplot: Mean*SE; Whisker: Mean0.95 Conf. Interval
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Figure 17: Violin plots of major species' importance value (IV) in the slough portion of Transect M2 for the 2000
survey and all six surveys (E36) done between 2005 and 20RZferent letters represent significant (Wilcoxon
pairwise ttest; p < 0.05) differences in species cover between different surveys.

In the slough portion of transect M3 in central SRS, the direction of plant compositional
change was towards drier vegetation through E2 (2G08Q)e 18). While between 2009 and
2015 the slough sites on this transect were tracking the fluctuations in water conaitens,
2015, the shift in vegetation composition was towd#ndsvetter type, and the magnitude of
changes between 2019 and 20&& much higher than the change between 2015 and 2019.
However, tajectory analysis results revealed that among the sites that were sampled once in the
late 1990s andix times between 2006 and 2%) vegetation compositioat 82% of sites was
still drier in 2@3 thanin 1999 though the shift ithe ordination spacewards the drier type
was significant at onl29% of sites Appendix 2). In contrastthe shift invegetation
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composition at 18% of sites was towards the wetter type, of which the shitgmifscant at
20% of sites.
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Figure 18: NMDS ordination biplots of the trajectory of centroids, calculated using the Axis scores of sites on
slough portions of the Transect M3, and the community characteristics/environmental vectors fitted in the ordination
space. The ordination is based on gggabundance data collected seven times beth@2%and 2023 on this
transect. The initial point of the trajectory represd®99whereas the end point of the traject@R023.

In concurrence with changeshigdrologic condition within central SRS, where the
transect M3 is locatedhe relative abundance of major species (Mean IV > 2div4is slough
siteschanged significantly over the study peridkeanl|V of sawgras¢C. jamaicensgand
spikerush E. cellulosg increased significantly from that in EO (1999) over nie&tfive
samping events, i.e., until E5 (2018)hen the area waslatively dry(Figures 193 Figures 2,

3). However, he 1V of both speciesignificantly decreased between E5 (2019) and E6 (2023),
and their IVs in E6 were naignificantly different (Wilcoxon Paired Test:-palue = 0.264 &
0.065)from the values in EO (1999puring the 1999 and 2023 surveyse imean IV of

28



sawgrass wer27.8% and2.8% andthat of spikerush wer£0.19% and 13.88%espectively
(Appendix 3b). In contrastwith the trend observed for sawgrass and spikethsimeanV of
bladderwort specied)gricularia spp) decreased significantlyetween EO and Edéut not
between EO and83. While the IV of bothU. purpurea and Ufoliosalater increased after E4, the
IV values of both speciesluring the E6 (2023) surveyerestill lower than the values duringdE
althoughlV of U. foliosaduring E6 was not significantly different from the 1V during. EO
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Figure 19 Violin plots of major species' importance value (IV) in the slough portion of Transect M3 for the 1999
survey and all six surveys (E36) done between 2006 and 20R&ferent letters represent significant (Wilcoxon
test; p < 0.05) differences in species cover between different surveys.

In the slough portion of the transect Né¢atedin south central SRS, the direction of
plant compositional change was towards drier vegetation until E1 (20igty¢ 20). However,
during the subsequent 2010 survey (E2), M4 vegetation trajectory reversed as slough sites shifted
towards more hydric type, staying the same during the 2013 (E3) survey and showing minimal
change towardadrier typeafter that Figure 20). Trajectory analysis results also revealed that
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among the sites that were sampled once in the late 1990s and five times between 2007 and 2020,
vegetation composition a7 8% of sites in 2020 was still drier than in 1988weversuch

differences in vegetation over 13 years, as represented by the shift in position of the sites in
ordination space, was significant at oall. % of sites Appendix 2).
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Figure 20: NMDS ordination biplots of the trajectory of centroids, calculated using the Axis scores of sites on

slough portions of the Transect M4, and the community characteristics/environmental vectors fitted in the ordination
space. The ordination is based on ggeabundance data collected seven times beth@@®and 2020 on this

transect. The initial point of the trajectory represd®99 whereas the end point of the traject@2020.

In concurrence with changes in hydrologic condition within south central SRS, where the
slough portion of M4 islsolocated, the relative abundance (IV) of some of the most abundant
speciegMean IV > 2.0%)hangedsignificantly Figure 21). The drier conditions during E&#4
(2007-2017) compared td0 (1999) resulted in an increasdherelative abundance of sawgrass
(C. jamaicensgand spikerushe cellulosg and a decrease theabundance of bladderworts
(Utricularia spp.)and lemon bacop®( caroliniand). In this portion ofslough, thdV of
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sawgrass did not differ between E4 (2016) and E5 (2020) surveys, whereas IV of sawgrass
during these two surveys was significantly higher than in three (EO, E2 and E3) of the previous
four surveys Figure 21a; Appendix 3b). In contrastthe mearV of spikerush during E5

(2020) decreased by 5.3% since the last survey in 2016 (IV:v&8u®e+ 17.0 and 24.2 + 19.5,
respectively), though the difference was not significant between E5 and all previous surveys. The
IV of the bladderwort speciet)(purpureg varied greatly over the study periokigure 21c).

Between E4 and E5 surveys, while IVW@f purpureasignificantly increased, the 1V &f.

foliosadecreased, a trend also observed for the IV of lemon baBoparfliniang) (Figure
21d, ).
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Figure 21: Violin plots of major species' importance value (IV) in the slough portion of Transect M4 for the 1999
survey and all five surveys (EA5) done between 2007 and 20R@ferent letters represent significafpairwise t
test; p < 0.05) differences in species cover between different surveys.
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Across the slough sites in all four transects which cross through shark river slough (M1,
M2, M3 and M4) the meanmportance values of sawgrass and spikerush were the lowest during
the 199%urvey, when the sites wemaich wetter (hydroperiod >360 daysjdahe mean water
depth at three of four transects (except M1) was higher than the most recent survey (E5 or E6).
While their mean importance values during the next five surveyEf vere significantly
higher than that during the EO due to drier condgimncomparison tthelate 1990s, there was
no significant difference in their IV betwe&® and E6Kigure 22a, . In contrast, the IV of
eastern purple bladderwoUdiricularia purpurea was significantly lower in all surveys,
including even EB6, thang IV in 1999 Figure 22¢9. The IV of other major hydric specigd.(
purpurea,B. carolinianaandMaidencanePanicum hemitomqgrvaried over the years, but the
values were not significantly different among seven surveys between 1999 anéig02s 22,
d, e, 1.
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Figure 22: Violin plots of major species' importance value (1V) in the slough portion of transects, averaged across
all four (M1-M4) transectdor each surveyAfter the 1999 survey, the sites in the slough portion of M1 and M2

were last surveyed for the sixth time in 2022 and that of M3 in 2023, while sites on M4 were surveyed for the fifth
time in 2020. Different letters represent significam/{lcoxontest; p < 0.05) differences in species cover between
different surveys.
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3.3.2Vegetation change in Marl Prairie (2002024)

Transect ML and M2E

OnTransecM1, where marl prairie sites wesearveyedsix timesbetween 206 and
2023, the vegetation change pattern diffebatween the periods before and after 205,
when theenhancement in water delivery into ENP kicked off under the recent restoration efforts
(Figure 23). Before 2015while species composition shifted towards a drier type, as evidenced
by thethreefoldincrease in the abundancemofihly grasgMuhlenbergia capillariy and62%
decrease in the abundancd.emon lacopa(B. caroliniana) (Appendix 4a).
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Figure 23: NMDS ordination biplots of the trajectory of centroids, calculated using the Axis scores of sites on marl
prairie portions of the transects M1, and the community characteristics/environmental vectors fitted in the ordination
space. The ordination is basaual species abundance data collected 6 times between 2006 armh2028sect M1
Theinitial and endpoints of the trajectoryepresen2006 and 2023, respectively.

After 2015, vegetation composition shifted towards a wetter type, and such a shift
continued until the most recent survey in 202@(re 23),when marl prairie sites on transect
M1 were much wetter than during the E1 (2006) sufféyure 4; Appendix 1a).A similar
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pattern, i.e., a shift in vegetation composition towards the wetter type, was also observed on
M2E, which was surveyed in 2015 for the first tifkggQre 24), primarily responding to an
increase in mean hydroperiod and water depth since Fidisr¢ 4a, b).
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Figure 24: NMDS ordination biplots of the trajectory of centroids, calculated using the Axis scores on marl prairie
portions of the transects A, and the community characteristics/environmental vectors fitted in the ordination
space. The ordination is based on species abundance data c@liéctes between 26 and 2023 on Transect M1.
The initial and end points of the trajectory repré28i5and 2023, respectively

The wetter condition of marl prairie sites on M1 and M2E in 2023 than in 2006 and 2015,
respectively, were also evident in an increase in vegetetierred hydroperiodFigures 25,
26). In the marl prairigportionof M1, the mean vegetatianferred hydroperiod waé5 days
longerin 2023 than in2006. However, the pattern of change in infertegdroperiod differed
betweerbefore and after 201 fact, the mean inferred hydroperiod was the lowest during the
E4 (2015 survey (Sah et al. 2020). Howeverteaf2015 the mean inferreehydroperiod showed
anincreasg trend resulting in the inferred hydroperiod at most sites in 2023 higher than the
inferred hydroperiod during E1 (2008 dpendix 5). Duringthe E6 (2023) surveytheinferred
hydroperiod values on M1 and M2E wéi@ days and 40 days higher than the values dtinimg
E4 (2015) surveyFigure 26 a, b). The same pattern is observed between the last two surveys

E5 (2019) and E6 (2023figure 26 c, d).
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Figure 25: Change in vegetatiemferred hydroperiod between E1 (B)@nd B (2023) at the vegetation
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Figure 26: Change in vegetatioeimferred hydroperiod betwedn) E4 (2015) and E6 (2023and €) E5 (2019) and
E6 (2023)at the vegetation monitoring sites in prairie portions of the Transect M1 and béby&in(2015) and

E6 (2023)and @) E5 (2019) and E6 (202%)r M2E.
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In concurrence with the changes in hydrologic conditiartheé prairie portion of the M
transect, the abundance of representatives of both prairie and imggoicspeciefMean IV >
3.5%)alsochanged over timeHowever, the pattern of change in abundance of those species
differed betweelthe first few surveys anithe most recensurveys especially after 201%-or
instance, btween 200 and 2@A 2, the meanmportance value (IV) of sawgrass.jamaicensg
and panic graspleataenia tenefadid not change mucfAppendix 4a), while thelV of those
speciesslightly decreased in recent yeaFsgure 27a, €). Likewise, asignificantdecrease
(Wilcoxon Paired Test: p = 0.8Pin IV of beakrush Rhynchospora tracybetween E5 and E6,
and in IV of muhly grassM. capillaris) between E4 and@zare in tandem with the wetting trend
observedn recent yearsThe mean IV of muhly grass agdadeleaf Centella asiaticahad
peaked at 7.9% and 4.6%, respectively, during the E4 (2015) survey but both species did not
occurduring the 2023 surveat any of M1 prairie site@ppendix 4a). In contrastthe mearlV
of spikerush k. cellulosaandUTtricularia purpureg, bothindicator species of wetness in marl
prairies, significantly increase{Wilcoxon Paired Test: p = 0.006¢tween B (2015)and B
(2023)
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On Transect M2Ehe sites have become increasingly wettece 2015Figure 4) but
the mean importance valuestafo major speciegMean IV > 4.0%,)sawgrassE. jamaicensg
and spikerushH. cellulosg, did not change much(ilcoxon Paired Test: p = 0.0.3860.35,
respectivelyFigure 28). Howeverthe mean IV of purple bladderwott ( purpureg, an
indicator species of wetness along praimarsh gradientsignificantly increasedilcoxon
Paired Test: p < 0.00f9)om 0% in 2015 to 16.6% in 2023. In contrast, the mean IV of muhly
grass not a major species on the transect M2E (mean 10%) decreased from 3.6% in 2015
to 0.4% in 2023Appendix 4a). The changgin IV of the othetwo major speciesemon bacopa
(B. caroliniang and beakrushR. tracy) werenot significant.

M2E Transect WP Sites - Violin plot tails: Range of data, includi 8%utliers. Boxplot: MeantSE; Whisker: Mean0.95 Conf. Interval
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Figure 28: Violin plots of major species' importance value (1V) in the marl prairie portions of Trans2(VRE)
averaged across sites for tioeifth (E4), fifth (E5) and sixth (E6) survey

Transect M3

Onthe transecM3, where marl prairie sites on both sides of SRS were sunfeyed
times(E1-E4) between 2007 and 26 and each time in the same ydhe vegetation change
pattern differed between eastern and western prékigare 29). During that periodwhile
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species composition in western prairies shifted towards a drier type, as evidenced by the 90%
increase in the abundance of bluest&th{zachyrium rhizomatyrand decrease in the
abundance of beakrusR.racyii) by thesame magnitudéAppendix 4b), the direction of

change in vegetation composition in the eastern prairie sites showed a mixed pattern, as
evidenced in the trajectory analysis resufiggre 29).
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Figure 29: NMDS ordination biplots of the trajectory of centroid and the environmental vectors fitted in the
ordination space. The ordination is based on species abundance data collected between 2Qa6nathe 20airie
portion of the Transect Bl Sites on the eastern portion (M3E) of the transect were surveyed six times, while those
on western portion (M3W) were surveyed five timd8E_1andM3E_2includeeastermortions of marl prairies

from 0 m to 7000m and from 7000 m to 12000 m, respecti¥@yall three M3E_1, M3E_2 and M3Wértions

theinitial pointis represented by 2007, whitee end of the trajectorig 2022 for M3W, andhe 2024 survg for

both M3E_landM3E_2.

During the current sampling cycle (202024), the eastern (M3E) and western (M3W)
marl prairies were not sampled in the same .yEaey were sampled for the fifth tinne the
spring of 2020 and 2022, respectiveind thenn 2024,only the sites otM3E wereresampled
for thesixth time The differences in trend in vegetation shift between both sides of SRS were
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consistent with that observed until 2016. However, between two surveys, E4 (2016) and E5
(2020), the magnitude of change towsadvetter vegetation type was less evident along the
eastern boundary of ENP. In contrast to our expectation, vegetation compositionawagiof

type in 2020 than in 201&igure 29), primarily because of the differences in hydrologic
conditions in the field at the time of surveys during those years. Due to unusual flooding during
the spring of 2016, the vegetation survey wasedate in the season. Even at the time of the
survey in 2016, there was up to 68 cm deep standing water in the field. In contrast, standing
water depths during the 2020 survey varied between 0 and 44 cm, mostly 426variheless,

in the eastern marl prairie of Mthe shift in vegetation composition towards the wetter type was
of greater magnitud@uring the most recent surveys, i.e., between E5 (2020) and E6 (2024)
(Figure 29), mainly due to a significant increase in hydroperiod and mean annual wpter d
(Figure 7a, b) resulted from an increadevater delivery into ENP after the implementation of
COP in 2020 (USACHEHNP/SFWMD 2023).

In the western marl prairie portion of the transect, the vegetation shift over 15 years
(20072022) toward drier type was prominekigure 30g Appendix 6)). In this portion of the
transect, the mean vegetatimrerred hydroperiod was 20 days shorter in 2022 than in 2007.
contrast, in the eastern portion of the transect, the change in vegetégioad hydroperiod
between 2007 and 2020 showed a mixed pattern. However, the vegetiioed hydroperiod
at almost all the eastern sites were higheinduhe 2024 survey than those in 20B§(re
30b). However, much of that change occurred between E4 (2016) and E6 (2ppén(ix 5).

In the prairie portion of the M3 transettie pattern of change in abundancenajfor
species (Mean IV > 4.0%) differed between eastern and western prairies, and even between
M3E_1 and M3E_2, primarily due to differences in hydrologic chaagesng themin the
eastern marl prairie portion of Mthe mean importance value (IV) of sawgraSsj@gmaicensg
significantly (Wilcoxon Paired Test: p = 0.01) decredsetiveen E1 and E3, when the sites
experiencea dryingtrend, but the difference in its IV between E1 and E6 was not significant
(Figure 31d). In contrast, the IV of muhly gragsluhlenbergia capillari} did not differ among
thefirst five surveys but significantly decreased between E5 (2020) and E6 (2024)thee to
increase in wetnegEigure 31b).

In M3W there was a significamtecreaséWilcoxon Paired Test: p = 010) in IV of
beakrushR. tracyi) and & increas€éWilcoxon Paired Test: p = 0.01if) IV of bluestem &
rhizomatun between E1 and E¥igure 32b,d), and thatverein tandem with the drying trend
observedn that regionLikewise,an increase imeanlV of beakrush(R. tracyil) from 0.01% to
10.8%o0n M3E_1 and that of bladderwortd.(purpureg from 0% to 13.7% on M3E_2 during
E1l and EG6 surveys, respectivéfppendix 4b) were due t@n increase water depth in those
areas in recent yearsSigure 7b). Nevertheless, the differersim meanlV of somespecies
which are indicatorsf wetness in marl prairsgncluding spikerush . cellulosg on M3E and
otherspecieson M3W (e.g.,B. caroliniana, Panicum virgatungtc.)werenot significant
between E1 and@and between E1 and E®spectively.
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E1 (2007) and E6 (2024 surveys at the vegetation monitoring plots on the eastern marl prairie portion of the
Transect M3
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M3E WP Transect Region - Violin plot tails: Range of data, including outliers. Boxplot: Mean*SE; Whisker: Mean+0.95 Conf. Interval
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Figure 31: Violin plots of major species' importance value (1V) in #sterrmarl prairie portion of Transect M3
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M3W WP Transect Region - Violin plot tails: Range of data, including outliers. Boxplot: Mean*SE; Whisker: Mean%0.95 Conf. Interval
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Figure 32: Violin plots of major speciegnportance value (IV) in the western marl prairie portion of Transect M3
from the first (E1) to the sixth (E6) survey. Different letters represent significant (Wilcoxon Paired Test: p < 0.05)
differences in speciéimportance value between the surveys.

Transect M4

On M4, which has marl prairie sites located on both sides of SRS, there was a noticeable
change in prairie vegetation composition over 13 years (20@8). During this period,
vegetation composition atostprairie sites showed a wetting trerigure 33, 34). However,
the magnitude and direction of the shift in vegetation composition at these sites were not the
same throughout the study period. For instance, the vegetation composition during the 2014 (E3)
survey was drier than e 2011 (E2) survewt the M4E_1 and M4E_2 sites. In contrast, the
sites west of the slough (M4W) continued to shift towards a wetter Bygeré 33). Despite a
minor deviation in vegetation change pattern in some portions of the transect, therhorsipift
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in prairie vegetation on M4 was primarily towards increasing wetness, as evidgrited

position of 2008 and 2021 centroids in the ordinatligyre 33), andby an increase in
vegetationinferred hydroperiod at >90% of the prairie sites on this transegire 34a;

Appendix 7). Over 13 years, the mean increase in infelngdroperiod in all three regions

(M4E_1, M4E_2 & M4W) of the prairie portion of the transect were almost the same. However,
betweerntwo recent survey2017 (E4) and 2021 (E5), the nmeiacrease in inferretlydroperiod

was significantly higher in the M4AE_1 and M4W portions of the transedn(@89 days,
respectively) tham the M4E_2portion(7 days) Figure 34b).
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Figure 33: NMDS ordinationbiplotsof the trajectory of centroid and the environmental vectors fitted in the
ordination space. The ordination is based on species abundance data dolietiees between 2@and 2@1in

the prairie portion of the TransectMThe initial point and the end of the trajectory represent the820@ 221

survey, respectivelylransect M4 is separated into east (M4E) and west (M4W) based on location of sites on both
sides of the Shark River Slough. The eastern marl prairie sites are further separated (Méeeak) and west

(M4E_2) of theMain ParkRoad
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Figure 34: Change in vegetatiemferred hydroperiod betwedn) E1 (2008) and E5 (202%urveysand p) E4
(2017) and E5 (20219t the vegetation monitoring plots on the eastern and westermpragig¢ portions of the
Transect M4.
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In the prairie portion of the M4 transect, the abundance of representatives of both prairie
and hydricmajorspeciefMean IV > 4.0%)hanged over time. Between 2008 and 2017, mean
importance value (IV) of sawgrassS.(amaicensgincreased across all marl prairie segments of
the transect, and this increase was significant on M4E_1 (east of the Main Park Road) and M4W
(west of the Slough) portions of the transé&ég(re 35a, 37a. Since the 2017 survey, sawgrass
cover decreased in these areas. In 202hedfl4\W siteslocatedwest of SRSthe mean
sawgrass cover was only 38% in comparisn®4 % during the 2017 survépppendix 4c),
primarily because those sites had partly burned in 20@ble 2). In the M4E_2 part of the
transect, the IV of sawgrass had not changed much. Nevertheless, between 2008 and 2021, the
most noticeable increase was in the relative abundaridadiferwort on M4E_2 and that of
spikerush E. cellulosa)on M4W (Figure36f, 370, an indication of the wetting trend in the marl
prairies ofthosearea (Figure 9).

M4E_1 WP Transect Region - Violin plot tails: Range of data, including outliers. Boxplot: Mean+SE; Whisker: Meant0.95 Conf. Interval
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45



M4E_2 WP Transect Region - Violin plot tails: Range of data, including outliers. Boxplot: Mean+SE; Whisker: Mean+0.95 Conf. Interval
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M4W WP Transect Region - Violin plot tails: Range of data, including outliers. Boxplot: Mean+SE; Whisker: Mean%0.95 Conf. Interval
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Figure 37: Violin plots of major species' importance value (IV) in the western marl prairie portion of Transect M3
from the first (E1) to the fifth (E6) survey. Different letters represent significant (Wilcoxon Paired Test: p < 0.05)
differences in speciégmportance value between the surveys.

Transect M5

Transect M5, which consists mainly of marl prairie sites, is divided into sedfidw
(west of the Main Park Road) and M5E (east of the Main Park Road); gederalM5W is
wetter than M5EKRigures 11, 12). Over the study period (20@822), an increase in foyear
average hydroperiod and mean annual water depth have resulted in a shift in species composition
towards awetter type in both M5E and M5W sections of the trandeigufe 38). Together with
the shift in species compositias revealed by theajectory analysishigher vegetatioinferred
hydroperiod during the E5 (2022) survey than E1 (2008) attes along the transect except few
sites west of Main Park Road also showed that vegetation in these areas have shifted towards a
wetter characterjgure 39; Appendix 7). In the eastern portion of M#)e mearvegetation
inferred hydroperiodluringthe E5 surveywas 21 days higher than inferred hydroperiod during
the E1 survey. However, such difference waly 8 days in the western portion oktkransect.
Moreover, between 2018 (E4) and 202B)(E67% of western sites exhibited either minimal
change or showed a shift in vegetation composition towards a drier type.
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Figure 38: NMDS ordination biplots of th&rajectory of centroidcalculated using the Axis scores of sitasj] the
community characteristiamvironmental vectors fitted in the ordination space. The ordination is based on species
abundance data collectéde times between 2006 and 20ia the prairie portion of the TransectiVThe initialand
endpoints of the trajectory represent the 2086d 202Xurveys for both M5E and M5Wportions of the transect.
Mangrove portion (M5R) is not shown in the figure.

Over the 14year period (between E1 and E5), there was a marked increase in abundance
of species indicative of wet conditions. Such chamgesajor speciggabundance (Mean IV >
4.0%)were more uniform at sites on the eastern portion of the transect98980) Figure 40;
Appendix 4d). For instanceat the sites on M5Ehemean |V of spikerushH. cellulosa
significantly (Wilcoxon Paired Test: p = 0.008greasedrom 2.5% to 6.5% in 14 years. In
contrast, the mean IV of muhly gra$s. (capillaris var.filipes) and bluestemS.rhizomatun),
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both indicators of relatively dry conditions of marl prairies, decreased from 15% to 7.7%, and
from 13.2% to 10.1%, respectivelyigure 40b, c).
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Figure 39: Change in vegetatieimferred hydroperiod betwedfil (2008) and E5 (2022} the vegetation
monitoringsiteson Transect N3.

In the M5W section, the most abundant spe@iésan IV > 3.5%)were sawgrasi&C.
jamaicens@ and spikeruskE. cellulosg. While the vegetation composition at >50% of sites in
this area also shifted towardwetter typebetween E1 and E¥igure 39), the changes in
abundancelV) of these two major species were not signific&ngire 41a, b). Though the
mean IV of beakrus(R. tracy), which is also an indicator of wet conditions, increased from
2.6% t06.68%0 (Appendix 4d). Moreover, the westernmost part of transect M5 runs into an area
which transitions from freshwater marsh to mangroves.sites on thdirst 900 m of the
transect from the west are classified as mangroves (M5R) (Sah et a).201Bisportion of
the transect, the importance value (IV) of red mangrove ranged beté@gBthand52.1%. On
the first 3,300 m of western portion of the transect M5, there was an increase in both frequency
and cover of mangroves in 14 years. For instance, west of the Main Park Road (M5R&W), the
frequency of occurrence of red mangrove increased from 53%8t0 &nd its mean importance
value (V) increased from 16.6% to 23.2% between 2008 and 2022.
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Figure 40: Violin plots of major species' importance value (1V) in #asterrmarl prairie portion of Transect M5,
averaged across siteem the first (E1)to thefifth (E5) survey. Different letters represent significant (Wilcoxon
Paired Test: p < 0.05) differences in spscimportancevalue(IV) between surveys.
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