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Accomplishments

Major goals of the project

Since 2000, the Florida Coastal Everglades Long Term Ecological Research (FCE
LTER) program has been revealing how the accelerating rate of sea-level rise interacts
with climate variability and freshwater management to shape gradients of coastal
ecosystem production, the movement of energy through food webs, and the value of
ecosystem services to growing human populations. FCE long-term data, experiments,
and models have shown rapid-paced changes associated with sea-level rise, extreme
events, and freshwater flow diversion, threatening the persistence of vegetated habitat,
dependent food webs, significant below-ground carbon pools, and associated
ecosystem services. Everglades restoration is increasing seasonal freshwater pulses
while a 2017 hurricane delivered a storm surge pulse to the FCE, offering an
unprecedented landscape-scale test of the overarching question: Will increased
pulses of fresh and marine water and their associated resources maintain
vegetated coastal ecosystems supporting highly connected food webs and
valued ecosystem services while sea-level continues to rise? The FCE IV
conceptual framework integrates theoretical concepts of ‘ecosystem development’ and
‘pulse dynamics’ to understand how social-ecological responses to increasing climate
variability and extremes depend on the magnitude, timing, and duration of these ‘pulses’
and their interaction with other persistent changes (‘presses’). Four hierarchical
research questions ask: (1) how the climate drivers of hydrologic presses and pulses
are changing, (2) how governance of freshwater restoration reflects changing values of
ecosystem services, (3) how ecological landscapes serve as endogenous filters that
feed back to the climate system, and (4) how ecosystem structural and functional
responses influence long-term ecosystem trajectories. These questions will be
addressed through continued long-term and new data collection along two transects
with contrasting hydrologic presses and pulses, human dimensions research, a new
ecosystem vulnerability experiment, process and landscape-scale modeling and
scenarios approaches, and a large suite of collaborative projects sponsored by
leveraged funding.

The proposed research expands the ecological disturbance theory through the
integration of ecosystem development and pulsed dynamics. Social-ecological systems
are linked by disturbance, disturbance may change system vulnerability to other
environmental drivers, and feedbacks between ecosystems and disturbance drivers can
influence trajectories of ecosystem development. The proposed research predicts that
freshwater restoration will reduce the effects of sea-level rise and saltwater intrusion (a
hydrologic press), and that hydrologic pulses (freshwater and marine) will control
resource distribution and the long-term trajectories of coastal ecosystems and services.
Freshwater restoration provides a landscape-scale test of how social-ecological
systems are coupled in coastal regions exposed to accelerated sea-level rise and
extreme events. Synthesis efforts will focus on comparative national and international
research fostered to understand how chronic presses and increasing pulses determine



ecosystem trajectories, addressing one of the most pressing challenges in
contemporary ecology.

Major Activities

Climate Variability & Change

We continued our analyses and identified significant recent changes in South Florida’s
hydroclimate. We have expanded the research to incorporate high resolution reanalysis
datasets to ERA5 and NARR reanalysis to elucidate the driving atmospheric
mechanisms in connection with the observed changes. We detected changes in
extreme hydroclimatic events in the region in state-of-the-art downscaled modeling
products.

Hydrologic Connectivity

We quantified how pulses of fresh and marine water induce changes in water level,
inundation duration, groundwater-surface water exchange, and the extent of saltwater
intrusion in both the surface and subsurface. We continue to collect rainfall and water
levels at each of the SRS and TS/Ph sites (n = 14). We analyzed 14 tide gauge records
and 6 geomorphic sectors to evaluate the Holocene, present-day, and projected rates of
sea level rise (SLR) along the entire Florida coast. We used multi-sensor remote
sensing observation to measure water levels and evaluate the quality of the
measurements over the Everglades.

SoOcCIAL LANDSCAPE

Water Governance/Cultural & Economic Values

« We continued ecosystem service valuation work in the Florida Everglades with
the creation, testing, and release of an online survey of South Florida Water
Management District residents.

« We completed developing the economic analysis framework and generated
estimates of the economic values of various ecosystem service benefits of
restoration under different future climate scenarios.

e We began conducting interviews with Everglades scientists in and outside of the
FCE network. This is contributing to data collection for H2b, with a focus on
understanding how diverse values of nature have been incorporated into
decision-making processes and the conduct of transdisciplinary research.

e We conducted further interviews on cultural valuation for H2a.

EcoLoGICAL LANDSCAPE

Vegetation & Geomorphic Gradients

We continued to monitor long-term water level, sawgrass productivity and water quality
along the Taylor Slough transect. We began monitoring conductivity at TS/Ph3,
historically a freshwater site, in 2021. We are establishing a long-term experiment to
evaluate adaptive capacity of salinizing marl-forming marshes. We continued to monitor

3



new SET sites, refine and improve BISECT and CWEM modeling outputs, and refine
and improve vegetation mapping and change detection.

ECOSYSTEM STRUCTURE & FUNCTIONS

Abiotic Resources & Stressors
We continued collection and analysis of FCE water nutrient, DOC, and salinity data to
examine presses and pulse dynamics.

Detritus & Microbes

We quantified long-term changes in dissolved and particulate organic matter and
associated microbial communities along gradients of salinity and P of freshwater,
brackish, and estuarine wetlands. We continued to collect monthly water samples from
SRS and TS/Ph sites (n = 14) for quantifying dissolved organic carbon (DOC)
concentrations, dissolved organic matter (DOM) fluorescence characteristics. We
collected quarterly samples of DOM structural and isotopic composition, and breakdown
rates of particulate organic carbon (POC). We characterized microbial communities in
surface waters and associated with various POC components (leaf litter, periphyton,
soil, and sediments).

Vegetation

We coupled long-term field observations of blue carbon ecosystems (i.e., marshes,
mangroves, seagrasses) and periphyton communities, manipulative experiments, and
state-of-the-art remote sensing tools to understand landscape vegetation (above- and
belowground) and carbon dynamics (vegetation and soil) in response to environmental
drivers in the FCE. We continued collection of periphyton quality, quantity, composition,
and metabolism from FCE and satellite sites and interpreted long-term trends. We
provided new diatom taxon descriptions to diatoms.org and completed a book chapter
about the use of diatoms in guiding restoration. We continued mangrove structural and
functional attributes to interpret the long-term effects of hurricanes on mangrove litterfall
production and aboveground biomass (AGB) C stocks and the resilience capacity of
these forested wetlands to hurricane disturbance. We also estimated ecosystem-level C
stocks across FCE mangroves. We measured the geochemical properties of mangrove
soils and evaluated soil strength as a function of root biomass in all FCE mangrove
sites. We used remote sensing observations to detect the extent of mangrove forest
damage induced by Hurricane Irma.

Consumers

e We continued to sample FCE food webs across both FCE transects. We added a
fifth year of stable isotope data to our FCE IV stable isotope long-term data
stream. Sampling involves the collection of samples across 7 consumer
functional groups (25-30 consumers taxa) and 4 primary producer groups across
9 coastal food webs (approximately 600 samples). Samples for year 1 are
completed, years 2-4 are being submitted for analysis, and year 5 are being
processed.



e We submitted 72 bull shark muscle, blood, and plasma samples from 19 sharks
caught in the second half of 2022 for C, N, and S stable isotope analysis with the
FIU Stable Isotope Lab. The 25 sharks caught this period were swabbed for fecal
matter analyses to get taxa-specific information on bull shark diets.

e In SRS, we continued long-term electrofishing sampling (2004-2023) that tracks
ecotonal fish community structure, the abundance of pulsing freshwater prey and
of their consumers, Common Snook and Florida Largemouth Bass (following
Boucek and Rehage 2013).

e We continued long-term sampling of Bull Shark abundance (and other
consumers) via long line sampling in Tarpon Bay (following Heithaus et al. 2009).
A total of 25 juvenile bull sharks were caught this year. Muscle, fin, and blood
samples were collected from all individuals for isotopic tracer analyses. A subset
of individuals (n=15) were also tagged with passive integrated transponder (PIT)
tags for mark-recapture studies.

e An additional 10 common snook, 10 largemouth bass, and 3 bull sharks were
tagged with acoustic telemetry transmitters as part of long term animal
movement tracking. Consumer movement patterns provide valuable information
about habitat use and migratory patterns and how these respond to hydroclimatic
variation.

o Our investigation of the factors influencing mercury, methylmercury, and
selenium accumulation in bull sharks in waters of the Gulf of Mexico and western
North Atlantic (n = 230) was completed in April 2023. We focused on
accumulation dynamics across nursery areas where juvenile sharks reside for
several years. Findings will be submitted to Chemosphere in January 2024 and
were part of a successful doctoral dissertation defended in Spring 2023.

e We held our first workshop and began data harmonization for our marine
consumer nutrient dynamics synthesis group.

Carbon Fluxes and Ecosystem Trajectories

The flux working group has been working to maintain flux towers, collect data within
tower footprints, and run experiments to understand how changes in presses and
pulses are impacting landscape carbon dynamics. We have completed plans for adding
a new tower to our existing tower network. This second Florida Bay tower is being
prepared for deployment west of Rabbit Key Basin in the Winter 23/24 (Fig. 1). Rabbit
Key tower instrumentation is currently being bench tested while the support tower is
fabricated (Fig. 2) and will replace a historic meteorological research station that
currently represents a hazard to navigation. The flux group has been measuring
alkalinity to better characterize horizontal flows of carbon.

The Everglades Landscape Model (ELM) is a spatial model that integrates
(calibrated/validated) dynamic modules of 3D raster-vector hydrology with dynamic
modules of biogeochemistry (TP, Cl, SOa), plant biology (growth/mortality of
macrophytes and periphyton), soil processes (organic carbon accumulation/loss), and
habitat succession. We continue to extend and refine the ELM.



Figure 1. Location of Bob Allen (blue dot) eddy covariance tower and Rabbit Key Basin eddy

covariance tower in Florida Bay, north of the Florida Keys.
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Figure 2. Engineering drawing of new Rabbit Key Basin flux tower




Specific Objectives

Climate Variability & Change

An expanded analysis including N = 22 stations in Florida showed decreasing May and
October precipitation, indicating a later wet season onset and a reduction in wet season
duration. We guantified regional changes in precipitation extremes as changes to
rainfall depth-duration-frequency using both statistically- and dynamically downscaled
climate model data (e.g. LOCA, MACA, and CORDEX). Examining both historical and
future periods, we identified change factors that could be considered to adjust the
extreme rainfall for a variety of durations and return periods that reflect projected future
conditions. Additional analyses of downscaled LOCA data for both CMIP5 and CMIP6
has been completed and suggest a shift in the seasonality of rainfall, potential drying
patterns, and definite increase temperatures in the south Florida region.

Hydrologic Connectivity

Our objectives were to (1) ascertain rates of sea level rise along the coastal Everglades,
(2) quantify the flux of water and salt along the two transects on seasonal and long-term
time frames, (3) determine the connectivity of constituents at the freshwater-saltwater
interface, and (4) further refine remote sensing techniques to detect changes in water
levels and depths across the FCE.

SoOcCIAL LANDSCAPE

Water Governance/Cultural & Economic Values

Wakefield is formulating a research program with colleagues at the University of
Chicago that will bridge H2a in FCE IV and proposed work in FCE V. This research will
explore the coproduction of urban and nonurban spaces past, present, and future and
will focus on data visualization and theoretical interventions.

Grove and Bernardo will continue conducting interviews for H2b, which will examine
how scientists and practitioners approach valuation of nature and integrate valuation
into governance decisions. This will allow them to complete a paper on the history of
valuation in Everglades governance, which will be submitted to Antipode in spring
2024.

Vorseth, Stainback and Bhat will complete the paper on Multi-Criteria Analysis of
Restoration Alternatives and Analytical Hierarchy of Stakeholder Preferences, a
publication relevant to H2a. Also, they will complete the manuscript on stochastic
benefit-cost analysis of the Everglades restoration alternatives. Bhat will continue to
work on deep leverage points for sustainable transformation and urban development in
the context for the South Florida socio-ecological system. Vorseth will complete the
analysis of the data gathered from the residents of the South Florida residents on Lake
Okeechobee management. This is part of her dissertation.



EcoLoOGICAL LANDSCAPE

Vegetation & Geomorphic Gradients

Our main objectives were (1) to quantify landward expansion rates of coastal creek
networks as a response to sea-level rise; (2) to quantify species composition/vegetation
patterns and patterns of change along the northern and eastern boundary of ENP at two
different spatial scales; (2) to quantify and model the spatial patterns of vegetation
change as a function of hydrological restoration and fire regimes; (3) to map and model
woody-species dominated plant communities in the greater Everglades region; and (4)
to expand calibration and validation of LIDAR data derived terrain and vegetation
canopy models that will help us to more accurately model hydrological conditions and to
estimate vegetation-specific above ground biomass.

ECOSYSTEM STRUCTURE & FUNCTIONS

Abiotic Resources & Stressors
We maintained long-term biogeochemical datasets for SRS transect and analyzed data.

Detritus & Microbes

Our objectives were to understand patterns of dissolved and particulate organic matter
and microbial decomposers along salinity and P gradients of SRS and TS/Ph by (1)
synthesizing of long-term DOC concentrations, dissolved organic matter (DOM)
fluorescence characteristics, and DOM structural and isotopic composition, (2)
guantifying breakdown rates of labile and recalcitrant particulate organic matter
standard substrates, and (3) characterizing assemblages of water-column and benthic
microbial communities.

Vegetation

e Maintain datasets on periphyton quality, quantity, composition, and metabolism
from FCE and satellite sites and interpret long-term trends

« Continue contributing diatom taxon descriptions to diatoms.org. and complete a
book chapter about the use of diatoms in guiding restoration.

o Evaluate the long-term effects of hurricane disturbances on spatiotemporal
patterns of mangrove aboveground biomass and NPP in Shark River estuary.
Estimate ecosystem-level C stocks of FCE mangroves. Use remote sensing to
guantify mangrove damage in ENP post-disturbance.

o Assess the geochemical properties of mangrove soils and evaluated solil strength
as a function of root biomass in all FCE mangrove sites.

Consumers
e Long-term monitoring of food web energy dynamics aims to identify drivers of
ecosystem structure and function across the FCE as hydrologic presses and
pulses continue to alter ecosystem trajectories. Examine spatiotemporal trends in
food web production sources and structure and relate these patterns to
hydroclimatic drivers. This involves sampling of functionally representative



species across large ecosystem gradients and determining the relative
contributions of basal resources with Bayesian stable isotope mixing models.

« Continue to track consumer movement and foraging of common snook,
largemouth bass, and bull shark populations using acoustic telemetry and dietary
tracers to identify if changes in the scales of consumer movements alter trophic
dynamics by facilitating increased nutrient transport among freshwater, ecotone,
and marine food webs. Use long-term data to investigate if trends in behavioral
and social dynamics across tiered population scales are influenced by changes
in energy pathways and resource availability by means of social network and
genetic analysis.

e Integrate consumer movement and trophic ecology (from stable isotopes) to
examine variation in consumer-mediated trophic coupling and consumer-
mediated nutrient transport across habitat boundaries as a function of the
interaction of SLR and restoration effects. Pair acoustic telemetry and dietary
tracers to identify if changes in the scales of consumer movements alter trophic
dynamics by facilitating increased nutrient transport among freshwater, ecotone,
and marine food webs.

« Examine effects of hydroclimatic factors on long-term fish community structure,
and on the magnitude and quality of marsh prey subsidies, along with the role of
matches/mismatches in peak predator/prey abundance in energetics and body
condition of mesoconsumers.

« Determine factors contributing to mercury, methylmercury, and selenium
accumulation in bull sharks in the Everglades to better understand the impacts of
shifting carbon sources in the food web.

« Quantify the patterns, magnitude, and drivers of consumer nutrient supply
ecotonal fish communities. We will examine the importance of individual
movement behavior and its variability in mediating empirical consumer nutrient
supply.

o Leverage LTER timeseries data to quantify the role of consumers in nutrient
fluxes across marine and coastal LTER sites and examine the effect of
disturbance on these fluxes. We will examine the resilience of consumer nutrient
supply to disturbance over broad spatiotemporal scales by integrating models of
consumer nutrient excretion rates with time series of consumer populations
across 10 marine and coastal LTER programs.

Carbon Fluxes and Ecosystem Trajectories

Our goals for this year were to maintain long-term flux datasets for SRS and TS
transects, to add a new flux tower in a relatively high-P, high NPP region of Florida Bay,
and initiate alkalinity measurements.



Significant Results

Climate Variability & Change
e Increasing August precipitation shows an overall increase in wet season and
annual total precipitation, particularly in South Florida (Fig. 3).
« We measured less dry season precipitation throughout Florida over the past 40
years (Fig. 3).
e We detect shorter wet-season duration and lower dry-season rainfall driven by
local and regional climate changes (Fig. 3).

Monthly Sen slopes 1979-2021

Monthly precipitation (mm)
o

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec

Figure 3. Changes in long-term (1979-2021) monthly precipitation in Miami shows a decrease in dry-
season (Nov - April) and an increase in wet-season precipitation (June-Oct), as well as a delay in the
onset of the wet-season (May).

Hydrologic Connectivity

« Sea-level rise rates between 4.8 and 10 mm yr* (1993-2022) are similar to those
associated with an early Holocene transgression (Fig. 4)(Parkinson and
Wdowinski 2023).

e Total phosphorus (TP) in groundwater and porewater are higher in SRS than
TS/Ph (Fig. 5).

« Remotely sensed altimetry data collected from ICESat-2 and GEDI missions
compared toland-based measures show a 6-15 cm level of accuracy (Palomino
et al. 2023, Fig. 6).
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GRAPHICAL ABSTRACT
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Figure 4. Graphical abstract showing Holocene, historical, and current rates of sea level rise along the
entire Florida coastline. (Source: Parkinson and Wdowinski, 2023).
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Zapata-Rios and Price, 2012.
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SOCIAL LANDSCAPE

Water Governance/Cultural & Economic Values

e South Florida residents prioritized management decisions that improve ecological
conditions, habitat, food, and drinking water.

« Simulation of the benefits and costs of the ongoing restoration plans revealed
that wildlife, real-estate value improvement, carbon sequestration, and urban
water supply gains were highest (Fig. 7).

e Work on governance and valuation is identifying how valuation emerged as a
conceptual response to complexity and the failures of high modernist science to
provide an objective guide to policy.
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Benefit-Cost Ratio under Different SLR Scenarios
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Figure 7. Benefit-Cost ratio of the Central Everglades Planning Project (CEPP) under different sea level
rise scenarios.

ECOLOGICAL LANDSCAPE

Vegetation & Geomorphic Gradients
e Sawgrass above and belowground production declined with salt exposure,
resulting in losses of soil elevation and carbon stocks (Fig. 8).
e Sea-level rise increased total creek length from 3.8 km in 1950 to 21.8 km in
2018, continuously increasing ~ 0.5 to 1 km yr-t. Rhizophora is expanding fastest
in close proximity to creeks.
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ECOSYSTEM STRUCTURE & FUNCTIONS

Abiotic Resources & Stressors
o Surface water TP in grab and auto-samples continue to increase in freshwater

marshes and mangroves (Fig. 9).
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Figure 9. Trends in total phosphorus concentrations from grab (above) and auto- (below) samples from
across the FCE LTER research sites.
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Detritus & Microbes

Microbial and marine contributions to DOM composition are increasing with SLR
compared to storms as drivers of DOC pulses of more high-complexity DOC
(Figs. 10, 11A-C).

DOC increases as depth decreases in SRS peat marshes, whereas DOC in SRS
mangroves increases with water depth (Figs. 12A, 12C). DOC concentrations
increase with increasing water depths in TS/Ph marl marshes and mangroves
(Figs. 12B, 12D). Sources of DOM shift from dry to wet seasons (Figs. 12A-
12D).

Seasonal water pulses shift sources of DOM (Fig. 13). Increases in algal-derived
and humic DOM are increasing with salinity in SRS and TS/Ph mangroves (Fig.
14).

Litter breakdown rates (k) are fastest in marine habitats (Fig. 15). Seawater
salinities decreased litter N:P and increased litter cellulose:lignin (Fig. 16).
Sulfate uptake was positively correlated with higher freshwater inputs, and a
peak of dissimilatory sulfate reduction was measured at higher salinities (Fig.
17). Enzymes associated with reduced environmental conditions were higher in
soil than periphyton or litter (Fig. 18).

Alphaproteobacteria of the SAR11 clade is found throughout the FCE (Fig. 19
Laas et al. 2022). SAR11 usually dominate oligotrophic marine waters and are
characterized by a high microdiversity (Fig. 20).

High concentrations of SAR11 were found in Florida Bay (TS/Ph 9, 10, 11) and to
a lesser degree in mangrove sites (TS/Ph6, TS/Ph7 and SRS5-6)(Figs. 21-22).
Genotyping of clades la.3 and llla.1 suggests recent selective sweeps in
freshwater populations (Fig. 23).
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Figure 10. Parallel factor analysis (PARAFAC) model of long-term (2011-2022) fluorescent dissolved
organic matter (fDOM) across Everglades ecosystems (e.g., marsh, mangrove, and seagrass) reveal
distinct and common contributions to fDOM composition.
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Figure 12A-12D. Long-term (2001-2021) trends in DOC concentrations and DOM quality in Everglades
freshwater peat marsh (A), marl (B) marsh, riverine (C), and shrub (D) mangrove habitats. White contour
lines in wavelet plots indicate statistically significant cross-wavelet power between DOC concentrations
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scatterplots use two fluorescence metrics: BIX and HIX. Increasing BIX indicates increasing algal
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Figure 13. Seasonal changes in HIX and
BIX in marsh, ecotone, and mangrove
sites along the long-hydroperiod peat
marshes of Shark River Slough (SRS-2, -
4, -6), and the short-hydroperiod marl

marshes of Taylor Slough (TS/Ph-2,

montn  7)- Increasing BIX (Biological Index)
12
o Influence on DOM. Increasing HIX

(Humification Index) indicates more

-3, -

indicates more prevalent autochthonous

prevalent humic influence on DOM. Blue
8 colors signify the wet season (May —
October) while green colors signify the dry

season.
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Figure 16. Linear
relationships between
average site surface
water salinity and Alitter
N:P ratio, and
Acellulose:lignin ratio
after 4 months of
incubation.

Figure 17. Linear regressions comparing
surface water salinity and relative gene
abundance of six focal gene families, along
Everglades freshwater to marine gradients.
The shaded area indicates 95% CI.
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Figure 19. Summary of all 16S rRNA amplicon data from this project. The panels show main bacterial
and Taylor Slough (TS/Ph).



A | Candidatus Pelagibacter ubique HTCC1062 [NC_007205)
Candtdatus Pelagibacter ubique HTCC1040 [NZ_ARVY01000000]
| Candidatus Pelagibacter ubique HTCC1002 [AAPV01000000]
[, Candidatus Pelagibacter sp. HTCC7211 [NZ_ABVS01000000] lade |
u Candidatus Pelagibacter ubique HTCC9022 [NZ_AWZW01000000) clade la
|* Candidatus Pelagibacter ubique HIMB083 [AZAL00000000]
L candidatus Pelagibacter sp. RS39 [CP020777]
. Alpha pm!eobac(enum HIMBS [NC_018643]
[ uncultured Pelagib. m AG-358-002 [CACBXI010000004]
- Candidatus Pelaglbadersp RS40 [CPO207 8]
_. Pelagibacteraceae bacterium GOM-A1 [LHBX01000069]
I Pelagibacteraceae bacterium AG-464-P07 [QCSA01000029]
O Alpha proteobacterium SCGC AAA288-G21 [AZYC01000000]
6 Palaglbaclolacoae bacterium AG-426-115 [QCNT01000001]
‘_“ b im AG~-430-106 [QCOH01000010]
T I Pelagfbacrarales bacterium SAG-MED28 [JACWDY010000002]
O‘ P im AG-313-A04 [QBVU01000001]
andidatus Pelagibacter ubique HIMB058 [ATTF01000011.1]
V2340

clade Ib

clade Ic

clade Il

ASVE4@
Alpha proteobacterium HIMB114 [ADAC02000000] (©ligotype ATTC)
! uncultured bacterium S23_1076 [EF572977]
| uncultured bacterium S23_1032 [EF572933]
| uncultured bacterium S23_1157 [EF573058]
__(yASV128e
_ KT AsvV5se
uncultured bacterium clone S23_185 [EF572086]
uncultured bacterium clone S23_1002 [EF572903]

ASV437@
bacterium AG-359-E06 [QCET01000025)
uncultured bacterium 2C228481 [Ef

clade llla.2

clade llla.3

100000‘]

) Alpha proteobacterium SCGC AAA024-N17
® Florida Keys | Aioha botebadtenum SCGC AAA80-B11 [AGUROT
@® LTERSRS&TS mmmmmsoo 28 [AB1 PIZO 4

10 _ Canaldatus Ponsibacter ubgiis LSUCCOS3D (NZ. GPOZAOSA]

clade llib

i f ib b ium AG-333-C14 [QBZDO10000015
I b ium AG-461-B04 [QCRN01000001 clade IV
e “ Pelagib b ium AG-422-B15 [QCMN01000009]
0.10 | ») uncultured Alphaproteobacteria bacterium AG-404-P08 [CACFBI010000001) I clade V
o) ~ Alpha proteobacterium HIMB59 [NC_018644]

—{ Ri i [DQ150682]
netococcus marinus [CP00047 1]

Escherichia coli [CP012868]

®>70

A

”'n!

an I

ASVS7@

ASV94@

 ASV57@

meﬁt . cluster 1
{pSyize  (oligotype ATCC)
’ Lsuccoes4 : 2 cligtors clade llla.1

®>90 { 1
L

N e el sl ml hﬁmdk l L el bR i dassd |

3 —__—-———_-_’"‘i_.‘- —*&k

ﬂlln ﬂ.ulu MR | s dka & i um.”m

HIMB114

LSUCCO0723;

Figure 20. Diversity and distribution of SAR11 clade Ill in datasets from the FCE LTER (Laas et al 2022)
and Florida Keys (Laas et al. 2021).
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Figure 21. Diversity and distribution of SAR11 clades in the Everglades wetland transects and the Florida
Keys. A. The relative abundance of SAR11 clades in the Shark River Slough (SRS) and B. Taylor
Slough/Panhandle (TS/Ph) study sites, and C. sampling sites within the Florida Keys National Marine
Sanctuary (FKNMS). Arrows indicate clade Illb transport along with water flow from the upstream sites
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Figure 22. Oligotype distributions within the SAR11 subclades llla.1 and la.3 in the Everglades wetland
transects and the Florida Keys. A. The relative abundance of subclade llla.1 oligotypes in the Shark River
Slough (SRS) and B. Taylor Slough/Panhandle (TS/Ph) study sites, and C. sampling sites within the
Florida Keys National Marine Sanctuary (FKNMS). D. The relative abundance of oligotypes within the
subclade la.3 in the Shark River Slough (SRS) and E. Taylor Slough/Panhandle (TS/Ph) study sites, and
the F. FKNMS sampling sites.
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Figure 23. SAR11 clade Ill pangenome. The dendrogram in the center organizes 3,075 gene
clusters identified across clade Il genomes represented by seven innermost layers. Black bar
graphs within the seven layers indicate the presence of a gene cluster in a given genome. Unique
gene clusters in each genome are labeled A-G and two closely related genomes representing cluster
1 and 2 are labeled H and I, respectively. From inside to outside, the next three layers indicate
known versus unknown COG category, COG function, and COG pathway. The next layer indicates
single copy core gene (SCG) clusters, followed by three computed homogeneity indices each
representing the combined homogeneity index, functional homogeneity index, and the geometric
homogeneity index describing how similar genes within a gene cluster. The next two layers indicate
the maximum number of paralogs and the number of genes in the gene cluster, and the outermost
layer indicates the number of contributing genomes.
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Vegetation

A diatom-derived target for periphyton TP of 150 mg L indicates oligotrophic
conditions (Fig. 24). Periphyton biomass is declining with increasing
hydroperiods in the marl prairies, while calcareous diatoms continue to rapidly
decline in the mangrove ecotone experiencing sea water intrusion (Fig. 25).
Mangrove litterfall rates declined (50-70%) in SRS following Irma, with annual
rates 2-4 times lower during 2018 compared to the long-term pre-disturbance
rate, but have recovered (Fig. 26).

AGB C stocks at SRS-6 mangroves have decreased by ~half since 2000 (79
MgC ha') due to Wilma and Irma impacts, with a 39% reduction (35 MgC ha™) in
C stocks post-Irma. AGB C stocks at SRS-4 & 5 have remained similar
throughout the years (Fig. 27).

Total ecosystem-level C stocks (aboveground + roots + soil) ranged from 332
MgC ha! (TS/Ph-6) to 568 MgC ha! (SRS-5) across FCE sites. Aboveground
components (i.e., leaf and wood) contributed between 60-87% of the total
vegetation C pool in the SRS, whereas roots accounted for 66-79% of the
vegetation C stocks in the TS/Ph. Most (80-90%) of the ecosystem C pool is
stored in soil (Fig. 28).

Mangrove soil shear strength increased with depth within the shallow (0-45 cm
depth) root zone at all sites until it peaked. In the deeper (>45 cm) root zone, soill
shear strength decreased (Fig. 29).

Soil shear strength in the shallow root zone increased with increasing root
biomass (Fig. 30) and decreased with increasing flooding duration (Fig. 31).
Aboveground necromass (AGN) was highest at the mouth and downstream
section of Shark River. Mean AGN was 46 Mg ha' in Shark River, and an
average loss of 29% in AGB suggests significant damage by Irma (Fig. 32)
(Chavez et al. 2023).

Sawgrass productivity responds to changes in hydroperiod and salinity in coastal
ecotones and to relative nutrient (phosphorus) availability in sloughs (Fig. 33A).
Mangrove productivity increases following hurricane pulses of P (Fig. 33B).
Seagrass productivity responds to the availability of nutrients (N, P) and
disturbance legacies of storms (Krause et al. 2022; Fig. 33C). Microbial mat
productivity responds to increasing presses and pulses of water, nutrients, and
salinity (Fig. 33D).
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Figure 25. Trends over time in periphyton biomass (above) and calcareous diatoms (oligotrophic
indicators, below) across satellite sites within landscape units of Everglades National Park.
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Figure 27. Long-term (2000-2021) changes in total (leaf + wood) aboveground biomass C stocks in
riverine mangrove forests along Shark River estuary before and after the passage of Hurricanes Wilma
(October 2005) and Irma (September 2017) across the FCE. During 2017, sampling at all sites was
conducted in May.
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Figure 29. Variation in shear strength with soil depth across FCE mangroves. SRS-7M refers to
developed forests at the mouth of Shark River, whereas SRS-7R indicates a regenerated forest patch
post-Wilma at the mouth of the estuary.
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Figure 33. Above-ground productivity in (A) sawgrass, (B) mangrove, (C) seagrass, and (D) periphyton
across Shark River Slough (SRS; orange lines) and Taylor Slough/Panhandle (TS/Ph; green lines) sites.
Sawgrass: Overall higher in SRS than TS/Ph sites. SRS: reduced production towards the coast TS/Ph:
Overall reduction except for TS/Ph-6. Mangrove: Strong hurricane disturbance signal (pulse) in SRS with
recovery after storm. TS/Ph-7 increases since 2017. Seagrass: Much higher productivity in TS/Ph-11 with
increase in variance over time. Periphyton: Significant contribution to organic carbon cycling, extremely
pulse-driven, no strong temporal patterns.
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Consumers

« FCE food webs relied more on green energy channels during both seasons and
most sites showed evidence of a greening effect and became more reliant on
green pathways during the wet season (Fig. 34). Two sites, however, TS11 and
SRS6 showed the opposite trend and became brown dominated food webs
during the wet season.

e Food web browning was found with seagrass die offs in central Florida Bay
(Calhoun-Grosch et al. 2023, Fig. 35).

e Marsh prey pulses of freshwater sunfishes (Lepomis spp.) increase in biomass
with longer periods of marsh flooding (Rezek et al. 2023, Fig. 36).

e American alligators act as ecosystem engineers, providing hotspots of P
availability that transfer up the food web, enhancing food web heterogeneity
across the landscape (Strickland et al. 2023).

e Prey contribute more to nutrient budgets via excretion, whereas larger-bodied
consumers, including nonnatives play a greater role in bioturbation (Barton et al.
2023, Fig. 37). Small species excreted higher proportions of particulate P and N,
while the larger species had higher proportions of dissolved nutrients.

e Invasion of swamp eels in TS/Ph produced near-complete loss of four native
species (Pintar et al. 2023). Invasion of African jewelfish in Shark River Slough
had shorter and smaller magnitude effects.

« The trophic niche of peacock eels, though significantly smaller in volume, almost
completely overlaps with that of native sunfishes (Lepomis spp.) (Fig. 38).

e Juvenile bull sharks have high total mercury and methylmercury concentrations
(Fig. 39). Concentrations of selenium, total mercury and methylmercury
increased as sharks grew, but selenium increased more quickly.
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Figure 34. Box plots of the proportional contribution of green energy pathways to aquatic food webs at
nine sites during the wet and dry seasons of 2019 for two coastal drainages, Shark River Slough and
Taylor Slough.
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Figure 37. Boxplots of mass-specific excretion rates for each of the nine species for total phosphorus (A),
total dissolved phosphorus (B), total nitrogen (C), and ammonia (D). The central black line represents the
median, the gray box represents the interquartile range (IQR) with the top and bottom of the box being

the 3rd and 1st quartile, and the T-bars represent the IQR*1.5 above and below the 3rd and 1st quatrtiles,
respectively.

33



Trophic Level ©1

-4 -2

Epiphytic Microalgae o -

=2

-4

Mangrove Detritus o -

Peacock Eel
B Bluegill
Dollar Sunfish

M Redear Sunfish R/ I N T
Phytoplankton

L

5
I
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(Hg) ratio and dashed lined indicates a 5:1 Se/Hg ratio. Individuals below the 1:1 line are considered to
be at higher risk of methylmercury toxicity.
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Carbon Fluxes and Ecosystem Trajectories
e NASA BlueFlux campaign (Poulter et al. 2023) conducted multi-scale

measurements of CO2 and CHa fluxes. In April 2022, CO2 uptake and CHa4
emissions across the FCE averaged -4.9 +4.7 umol CO2m™2 st and 19.8 +
41.1 nmol CHa m~2 s71, respectively. When scaled to the region, mangrove CHa
emissions offset the mangrove CO:2 uptake by about 5% (assuming a 100-year
CHa4 global warming potential of 28), leading to total net uptake of 31.8 Tg CO2-
eq Y. FCE data were critical to a global synthesis relating aquatic CO2
concentration and ecosystem fluxes in wetlands (Fig. 40, Richardson et al. in
press).

o The Everglades Landscape Model (ELM) identified spatial variation in peat
accretion rates (Fig. 41) and Net Organic Matter Carbon Ecosystem Exchange
(Fig. 42) responding to important ecosystem drivers.
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Figure 40. lllustration of various contributions to lateral and vertical CO2 wetland flux between soil, water,

and air. Chemical processes are in blue; physical processes in red; biological processes in green. DOM
stands for dissolved organic matter. (Source: Richardson et al. in press)
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Key outcomes or other achievements

Climate Variability & Change

Our high-resolution climate models allow us to understand long-term and future
changes in rainfall that drive freshwater pulses and interact with increases in
marine presses and pulses with sea-level rise.

Hydrologic Connectivity

Sea level rise is accelerating at rates that are detrimental to the FCE ecosystem.
Total phosphorus in the groundwater and porewaters along Shark Slough
increase non-linearly with salinity.

ICESat-2 and GEDI altimetry data were found to measure water levels in the
Everglades with 6-15 cm level of accuracy depending on the vegetation.

SOCIAL LANDSCAPE

Water Governance/Cultural & Economic Values:

Preliminary explorations of how South Florida residents viewed Lake
Okeechobee management

Developed estimates of benefits over costs of the ongoing Everglades restoration
projects under future uncertainty

Contextualized history and politics of valuation in environmental governance

ECcOLOGICAL LANDSCAPE

Vegetation & Geomorphic Gradients

Our experimental evidence illustrated the mechanisms by which coastal
ecosystems remain vegetated and in a carbon accumulating state or lose stored
carbon and transition to an open water state given specific thresholds in
phosphorus, salinity and duration of inundation. This in turn determines the
hydrogeomorphic condition of the ecosystem state which either promotes or
reduces peat elevation and provision of ecosystem services in marshes (e.g.,
Ishtiaq et al. 2022) and mangroves.

We are using measured SET data to fit the Coastal Wetland Elevation Model
(CWEM) to prepare for scenario analyses. Initial model fitting is showing robust
results. For instance a ‘non-vegetated’ site in TS/Ph-6 (Fig. 43) shows a third of
the elevation change rate of a vegetated site in TS/Ph-6 (Fig. 44).
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Figure 43. Calibration of the Coastal Wetland Elevation Model (CVEM) with measured SET data at a

non-vegetated site at TS/Ph-6.
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ECOSYSTEM STRUCTURE & FUNCTIONS

Detritus & Microbes

Freshwater restoration pulses and tropical storm disturbances are altering the
spatiotemporal patterns of dissolved organic carbon (DOC) concentrations,
dissolved organic matter (DOM) composition, and processing in coastal
wetlands.

Marl marsh and mangrove wetlands have higher bacterial and algal-based and
lower terrestrial/humic contributions to DOM than peat-based wetlands. Long-
term increases in hydrologic presses and pulses of fresh water are decreasing
autochthonous and increasing terrestrial contributions to DOM in marshes and
mangroves, and this pattern is strongest where hydrologic connectivity is highest.
Surface water nutrient concentrations predict POC breakdown rates (k) across
species, and litter carbon recalcitrance explained k of the slowest decomposing
species (Cladium jamaicense). Salinity increased k across all species.

SAR11 ecotypes are more adaptable than previously acknowledged and that
proximity and connectivity between habitats with distinct salinity seem to be
important factors that can drive these adaptations.

Vegetation

Periphyton TP < 150 mg L™ indicates oligotrophic conditions.

Hydrologic restoration is reducing periphyton biomass in marl marshes but
oligotrophic diatom taxa are declining where sea water is invading the marsh-
mangrove ecotone.

Long-term mangrove litterfall rates revealed a significant reduction in rates during
2018, but rates have recovered to pre-disturbance rates by 2022.

AGB C stocks at SRS-6 mangroves have decreased by ~half since 2000 due to
Wilma and Irma impacts, with a 39% reduction (35 MgC ha) in C stocks post-
Irma.

The distinct C partitioning between above- and belowground root compartments
when comparing Shark and Taylor River mangroves, suggest the
ecophysiological adaptation of scrub mangroves to allocate more C to roots
relative to aboveground compartments as a result of strong P limitation and
longer hydroperiods in Taylor River. However, regardless of mangrove ecotype
(riverine vs. scrub), most (80-90%) of the ecosystem C pool is stored in the soil
at all sites.

Mean soil shear strength decreased with depth at all sites, with higher values in
the shallow root zone compared to the deeper root zone. The higher soil shear
strength in the shallow root zone at the riverine mangroves of Shark River is
indicative of higher belowground root structure and complexity (i.e., woody roots
and debris) in these developed tall forests compared to scrub forests at Taylor
River. Indeed, refusal points were only observed at the SRS sites because of the
presence of belowground woody roots and debris.

Long-term changes in hydrologic presses and pulses are shifting productivity of
vegetation in response to P subsidies and salinity and water depth stressors,
which are collectively increasing over time with restoration and sea-level rise.
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Consumers

Primarily green energy pathways support coastal FCE food webs.

Disturbance events, however, such as seagrass die offs, can result in food web
browning.

Marsh prey pulses into coastal habitats are larger in magnitude in years of
prolonged marsh flooding.

Consumer habitat use results in hotspots of P availability that promote the growth
and diversity of producers and small consumers.

Both small and large bodied consumers can contribute to nutrient cycling in
marshes.

Nonnative fish species are increasing in abundance, with significant trophic
overlap with native taxa, and negative effects on native species beginning to be
documented.

Consumers in the Everglades may be exposed to pollutants.

Carbon Fluxes and Ecosystem Trajectories

Similar to drivers of primary productivity at the ecosystem scale, pCO: is strongly
positively correlated with air temperature (Tar). Monthly average pCO:2 tended to
peak towards the middle of the year and was more strongly related to Reco than
GPP. Reco may be related to biologically driven pCO:2 in wetlands, but the
relationship is site-specific and could be an artifact of differently timed seasonal
cycles or other factors. Higher levels of discharge do not consistently alter the
relationship between Reco and temperature-normalized pCO: (Fig. 45,
Richardson et al. in press).

CO:2 uptake and CH4 emissions across the Everglades National Park averaged
-4.9+4.7 ymol CO2m2s™'and 19.8 + 41.1 nmol CHa m™2 s™', respectively.
When scaled to the region, mangrove CH4 emissions offset the mangrove CO:2
uptake by about 5% (assuming a 100 year CHa4 global warming potential of 28),
leading to total net uptake of 31.8 Tg CO2-eq y* (Poulter et al. 2023).

Water levels increased at both inland and coastal stations from 1993 to 2021
(Fig. 46).

Across ecosystems, the marl prairie has the largest range in maximum uptake
rates at 2.61 ymol CO2 m2s. The brackish ecotone has the lowest maximum
CO:2 uptake rate of any ecosystem at -3.57 (+ 0.24 S.E.) ymol mol CO2 m2s?, at
the lowest canopy coverage condition observed at that site (25-50%). Across
canopy coverage conditions, the coastal mangrove scrub had greater COz2
uptake rates than the marl prairie. At higher canopy coverage conditions (> 25-
50% coverage) the marl prairie had higher uptake rates than the ecotone. C
uptake in the ecotone was consistent across coverage conditions (Fig. 47).

The total annual WUE demonstrates a wide range of differences, from less than
0.21 g C kg H20 -1 in a semiarid shrubland in the Chihuahuan Desert in Arizona
to greater than 33 g C kg H20 in the boreal forests in Alaska. WUE and SPEI are
widely variable, with the highest and lowest SPEI generally corresponding in
semi-arid regions (Fig. 48).
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e As our Florida Bay flux work suggests that lateral fluxes of alkalinity could be a
substantial contributor to NEE, we have begun assessing alkalinity along the
SRS and TRS transects. Across the landscape and through time, Total Alkalinity
varied from ca. 2000 to over 4000 umol kg (Fig. 49). Understanding the causes
of this variation and the consequences for lateral and vertical C fluxes are a main
goal of next year for the flux group.
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Figure 45. pCO; BIO (ppmv) versus Reco in (A) surface water, abbreviated SW, in a tidal wetland and
fen bin-averaged every 50 ppmyv, (B) nontidal marsh bin-averaged every 1,000 ppmv, and (C) porewater,
abbreviated PW, bin-averaged every 5,000 ppmv.Solid lines represent linear fit.
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Figure 46. The observed (points) and trend (solid line) in
(A) water level for inland (blue; R2 = 0.85) and coastal
(green; R2 =0.67) stations and (B) the salinity for the
coastal (R2 =0.83) station. The dashed lines represent
probable trend change points.
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Figure 47. Light response curves under different canopy coverage at 0% (A), 0-25% (B), 25-50% (C),
50-75% (D), and 75-100% (E) coverage for Everglades sites in 2021. Dry conditions (0%) indicate when
the water level was at or below the soil surface, all other percentages indicate the proportion of the
canopy that was covered by water in each ecosystem.
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are the 95% confidence interval.
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Opportunities for training and professional development

K-12 Schoolyard Activities

In FCE IV, our Education and Outreach program (EO) is addressing the NSF’s Strategic
Plan Goal to “advance the capability of the Nation to meet current and future challenges
with K-12 programs and support the development of the next generation of researchers”
with the goals of: (1) providing mentoring to K-12 students and teachers, (2) facilitating
the presentation of their findings, and (3) pursuing supplemental sources of funding to
support high school and teacher participants.

Mentoring to K-12 students and teachers

Collaborating with the FIUteach program and Everglades Foundation we are designing
and delivering professional development opportunities for teachers through our
Research Experience for Teachers and the Everglades Environmental STEM High
School Institute (E-STEM). This year, our researchers helped to launch the Coastal
Ecosystems BIO Research Experience for Teachers Site (RET)-From the Everglades to
the Coral Reefs (NSF #2240593). Working with the Institute of Environment, FIUteach,
and the Everglades Foundation we are supporting 44 local teachers over the next three
years in coastal Everglades related research projects.

This year’s cohort began in May with an RET Alumni panel as an introduction to the
program, followed by three days of professional development over the next several
weekends. First, the participants met for a day of team building activities, followed by a
hike through the Deering Environmental Preserve and a visit to the site of the Cutler
Slough Rehydration Project, and airboat tour of Everglades Water Conservation Area
3A with members of the Miccosukee Tribe. Together, these experiences provided a
frame of reference to serve as “bookends” that could be used to compare coastal
ecosystems in the highly managed, urban setting at the Deering Estate with a more
natural setting that is part of the Miccosukee reservation.

The teacher’s research experience began in June with a week-long orientation
introduction to FCE and our site resources. The teachers visited FCE, FIU’s Insitute of
Environment, and CREST CAChE (NSF # 2111661) research labs, and met our
Information Manager for an introduction to data management. The Everglades
Foundation hosted them for Everglades 101 where they got a crash course on the
history and coastal Everglades ecology. Throughout the summer, our researchers led
weekly field trips and shared their expertise on a Biscayne Bay boat trawl, working with
our marine drones, a mangrove kayak and seagrass snorkeling tour in the Florida Keys,
and a visit to the Mote Marine Lab’s International Center for Coral Reef Research &
Restoration. Additional field trips to the southern Everglades in Everglades National
Park with a slough slog, canoeing the northern Everglades in the Loxahatchee National
Wildlife Refuge, and a shark tagging trip with our Consumers Working Group were
scheduled, but postponed due to excessive heat warnings and have been rescheduled
for the cooler winter months.
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Since August, the RETs have continued to meet with their Research Mentors, Near
Peer (Graduate) Mentors, their cohort, and for professional development. These
opportunities are used to discuss scientific papers, plan field collections, reflect, share
experiences, and engage their own students in their research.

Facilitating presentations of K-12 findings

Our scientists are mentoring our RETs and working with them and their students on
presenting their research at both local and national meetings. In June, they presented
their research plans at the LTER RET Cross Site Exchange, research updates in July at
the 2023 NSF RET Virtual Poster Session, and then preliminary results in October at
the LTER RET Cross Site Exchange. Earlier in 2023, RET Amanda HernandeZ’
students earned a Superior ranking that the South Florida Regional Science and
Engineering Fair and RET Christina Whelan’s students presented their work at the
annual FCE All Scientists Meeting. In December, RET Richard Dominguez will present
his poster Creating a New Generation of Real-World Problem Solvers, One RET at a
Time at the American Geophysical Union meeting in San Francisco. Together, our
RETs are a productive group and developing a community of practice to support
teacher- and student-led presentations of our work.

Pursuing Supplemental Sources of Funding

In addition, we are leveraging the current Schoolyard budget to pursue additional
funding sources that will expand existing and implement new programming. In addition
to the Coastal Ecosystem-BIORET Site (CE-BIORETS), we are collaborating with
researchers at the HJ Andrews Experimental Forest LTER (AND) and the Authentic
research experiences for teachers at Long-Term Ecological Research sites: climate
change and biodiversity across ecosystems BIORET Site (ARETS; NSF# 2147136) on
a new proposal Mechanisms to Optimize Contextualized Science Instruction (MOCSI)
that was submitted in November. If funded, MOCSI will provide support for 32 local
teachers with professional development and field experiences at FCE. This work will
also: 1) improve our understanding how teachers use contextual information from field
experiences and curated multimedia sources in their science instruction and 2) leverage
that understanding to optimize both field experiences and online resources that
approximate the contextual information available in field settings and mobilize the
knowledge between teachers and researchers.

Training of Undergraduates and Early Career Scientists

Our scientists are training and mentoring at all levels of early career scientists, across
diverse communities, and are engaging them in all levels of our research. Our group is
currently mentoring 1 Postbaccalaureate, 9 Masters, 70 Ph.D. and 15 Post-Doctoral
Scientists. Working in collaboration with the CREST Center for Aquatic Chemistry and
Environment (CAChE; NSF# 2111661), Coastal Ecosystems REU Site (CE-REU; NSF#
1852123), and the Everglades Foundation, we are leveraging support to provide
stipends to a total of 5 graduate and 16 undergraduate students with FCE directly
funding 5 graduates and 2 REUs. Additionally, our REUs are included as members of
CE-REU Site and patrticipate in cohort-building, networking opportunities, social events,
and weekly field trips. At the end of July, the REU participants presented their results at

47



the annual CE-REU Site Symposium, were invited to the annual FCE All Scientists
Meeting, and encouraged to present at a national and/or international conference. This
summer, former RET Lacey Simpson will be joining the team to assist with coordinating
the programming between REUs and RETSs.

Graduate Students

Our Graduate Student Group has a large and active membership, are engaged in all
aspects of our program, and are included as members of our working groups. Each
year, they present their work at our annual meetings, assist with the mentoring of new
students, teachers, undergraduates, and high school students, and they are mentored
in communicating their research results to both the public and scientific audiences. The
group currently consists of 81 students distributed across 11 institutions and is
governed by a 6-member Executive Board with representatives from both internal and
external to FIU. They meet regularly for both professional development and for cohort
building experiences. This year, they began meeting for monthly FCE Art Jams and
exhibited their work at the FCE Art Showcase.

Our post-doctoral and junior faculty members are included in site leadership roles
through the Internal Executive Committee and are involved in the co-production of
research with senior faculty mentors.

Communicating results to communities of interest

The FCE Communications Team, consists of the Pl, Program Manager, Education &
Outreach Coordinator, and collaborator Dr. Steve Davis (Everglades Foundation
Chief Science Officer). Working together, the team coordinates communications
through regular updates in the News from the Sloughs monthly newsletter, press
releases, social media, our Wading Through Research student blog, public events
and exhibits, and an annual partnership impact report.

Our scientists have received regular coverage in both traditional news and social
media. Over the last year, 24 of our researchers have been discussed in 46 media
events, on 47 calendar days since our last report. This news media has been
distributed across 29 local, national, and international media outlets including: Axios,
Jacksonville Today; Miami Herald; Newsweek; Sun Sentinel, and WPLG-Miami. We
also maintain our social media presence with regular contributions to Facebook (FB),
Twitter, Wading Through Research student blog, and monthly News from the Sloughs
newsletter.
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Plans to accomplish goals during the next reporting period

Climate Variability & Change

« We will examine how the seasonality of FCE precipitation may change in the
future warming scenarios by analyzing outputs from the recently complete CMIP6
effort.

« We will examine the role of enhanced spatial resolution by analyzing the recently
released LOCA-2 (Pierce et al. 2023) downscaling project outputs (6km
resolution) for the CMIP6 historical and future projections over the FCE domain.

o We will perform very high resolution regional modeling simulations to examine
the potential role of urban heat island effects on observed temperature and
precipitation trends over the Everglades.

Hydrologic Connectivity

We plan to continue to monitor water levels and rainfall across the FCE. We will analyze
surface water and groundwater for sodium/calcium ratios to decipher sources of salt,
particularly in the upper reaches of Shark and Taylor Sloughs. We will continue to refine
the use of remote sensing to estimate water levels across the FCE.

SOCIAL LANDSCAPE

Water Governance/Cultural & Economic Values

We plan to carry out research activities (conducting interviews and participant observation) to
create qualitative and quantitative data that will be used to address H2a and H2b and publish
articles. This will also feed into synthesis products with other working groups in the FCE, and
synthesis products with scientists across the national LTER network.

EcoLoGICAL LANDSCAPE

Vegetation & Geomorphic Gradients

¢ Model spatial expansion pattern relative to hydroperiod and flow considering
horizontal connectivity of fresh- and saltwater flow.

e Model biomass as a function of spatial distribution of hydroperiod and
connectivity of fresh- and saltwater flow.
Continue long-term measurements.
Continue refinement and improvement of modeling outputs to prepare for
scenario analyses.

ECOSYSTEM STRUCTURE & FUNCTIONS
Detritus & Microbe
o Finalize data analyses for microbial communities associated with litter

breakdown.
e Publish DOM PARAFAC model.
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Vegetation

Continue time series analysis of long-term water quality trends and submit
manuscript for publication.

Complete analysis of Hurricane Irma impacts on mangrove structure, biomass, C
stocks, and NPP to assess trajectories of recovery post-disturbance.

Complete analysis of mangrove soil shear strength and root biomass dynamics
and submit manuscript for publication.

Complete long-term analyses of marsh and microbial mat productivities and
submit manuscripts for publication.

Consumers

Continue to track food webs through sampling of functionally representative
species at all FCE food web sites.

Continue the long-term monitoring of bull shark populations via quarterly
sampling, mark-recaptures, and tagging with acoustic transmitters.

Obtain fecal sample biomarkers across wet/dry seasonal variation to get finer
scale (species level) information on prey and potential freshwater-mediated prey
shifts in consumers.

Use animal-borne data loggers, environmental monitoring, and active tracking to
investigate whether dynamic energy landscapes influence fine-scale movements
and activity of bull sharks.

Carbon Fluxes and Ecosystem Trajectories

Blue Flux (Poulter, Raymond, Malone, Adams-Metayer, Amaral, Barenblitt,
Campbell, Charles, Roman-Cuesta, D'Ascanio, Delaria, Doughty, Fatoyinbo,
Gewirtzman, Hanisco, Hull, Kawa, Hannun, Lagomasino, Lait, Newman,
Rosentreter, Thomas, Vaughn, Wolfe, Xiong, Ying, Zhang): Final field campaign
to measure aircraft fluxes for carbon upscaling.

Malone Disturbance Ecology Lab (Malone, Reed, McLeod, Wagner, Richey,
Kotagama, Islam): Measure coastal productivity to understand adaptive
management strategies and possible outcomes.

Freshwater Towers (Starr , Oberbauer, Turner): Measure hydrological drivers of
carbon dynamics in freshwater ecosystems.

Coastal Towers (Malone, Casteneda, Troxler, Oberbauer): Continue to collect
data

Alkalinity (Raymond, Gewirtzman): Samples are being collected and processed.
Florida Bay towers (Fourgurean, Binder, Castillo and Krause): continue collecting
flux data at Bob Allan site and construct and begin flux measurements at the new
Rabbit Key Basin tower site, and integrate florida bay tower sites into alkalinity
measurement program.
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Impacts

Impact on the development of the principal disciplines

FCE economics research is making impacts internationally. The framework developed
for the FCE ecosystem services is being applied by ecological economists in India for
their coast ecosystem.

FCE research is documenting rare spatially explicit food web dynamics at broad spatial
scales and over time. This is greatly improving our understanding of food web function
across ecosystem types and of its variability over time.

FCE research is tracking consumer movement over long time scales (> 10 years), which
is rare. This is greatly improving our understanding of the drivers of consumer
movement, including hard to capture disturbance events.

FCE research is tracking fish communities over long term (20 years) allowing for a
detailed understanding of community stability and its drives.

Impact on other disciplines

FCE research is improving our understanding of Everglades ecology and informing
management and provides critical supporting information to RECOVER monitoring
efforts.

Vorseth and Bhat conducted a Special Session on Social Science Research for the
Everglades Restoration, which was held as part of the Greater Everglades Ecosystem
Restoration Conference, April 2023. Vorseth and Bhat continued to work on a
manuscript on Multi-Criteria Analysis and Analytical Hierarchical Process to include
stakeholder preferences in restoration decisions.

Impact on the development of human resources

Broadening Participation

FCE is addressing the Big Idea of NSF INCLUDES and contributing to broadening
participation of underrepresented communities in STEM fields with guidance from the
NSF Strategic Plan (FY 2018-2022). Through our programs we provide access to
underrepresented students to conduct research with our scientists by recruiting from
diverse populations at FIU. As the nation’s fourth largest university (n > 56,000) and
largest Hispanic Serving Institution (>60%). The leadership team of FCE is equally
diverse with a membership that is 75% underrepresented minority and/or female. We
honor the identity of all participants and maintain an atmosphere that represents and
embraces diverse cultures, backgrounds and life experiences that reflect the
multicultural nature of South Florida and the global society. We are working with
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FIU’'s STEM Transformation Institute and the Office to Advance Women, Equity &
Diversity to identify and implement best practices for retaining diversity across our
membership through Diversity Advocacy training in mentoring, hiring, leadership, and
advising. Our staff has also participated in the NSF workshop Learning about the
ETAP System for REU/RET Programs and uses it to recruit undergraduates from
historically marginalized communities.

Similarly, our RET program targets and recruit teachers from high need schools
within Miami Dade County Public Schools (MDCPS). By focusing our recruiting
efforts on schools with large, underrepresented populations (URM) and a high
percentage of students on Free or Reduced Lunch (FRL), we create opportunities for
those that have the most to gain. The current student population impacted by our
RETs is 95.5% URM with 62.3% on FRL (Table 1). These teachers will directly
impact over 2000 students during their RET experience and will leave our program
with the skills necessary for embedding authentic scientific inquiry into their curricula
and the benefits of their new pedagogies that will multiply in the years beyond their
experience.

Table 1. FCE LTER 2022 RETs

BIORET School URM % | FRL %

Dr. Gary Yoham

Mr. Irvin Arce MIAMI SHS 98.4 71.8

Ms. Katheen Bravo

Mr. Richard Dominguez | WINSTON PARK K-8 CENTER 97.2 52.0

Ms. Diana Ocana MIAMI SPRINGS MS 98.7 71.5

Mr. Kendric Nixon FRANK CRAWFORD MARTIN K-8 97.9 57.3

Mr. Nicolas Quintairos | MIAMI PALMETTO SHS 77.4 34.0

Mr. Walfrido Valdes MIAMI SOUTHRIDGE SHS 97.5 68.4
AVERAGE 95.5 62.3
DISTRICT 94.0 57.1

In April of 2023 FCE was awarded supplemental funds to host a recent graduate as a
Research and Mentoring for Postbaccalaureates (RaMP) participant in the Coastal
Connections Program. This one-year pilot program is aimed at training post-
baccalaureate students across four US East Coast Long-Term Ecological Research
(LTER) sites: Plum Island Ecosystems (PIE), Virginia Coast Reserve (VCR), Georgia
Coastal Ecosystems (GCE), and Florida Coastal Everglades (FCE) and part of a
broader effort to implement a Collective Impact approach for fostering a diverse and
culturally competent workforce in ecology and environmental science.

FCE selected Eric Gomez from a pool of over 40 applicants. The experience with the
Bridging Each Applicant's Chances for Higher Education Success (BEACHES)
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workshop designed to assist underrepresented and first-generation STEM students in
applying for graduate degrees in marine, environmental, or geosciences. Mentored by
FCE Collaborators Drs. Rolando Santos, Ryan James, and James Nelson, he meets
with them weekly and is gaining practical experience with training in the lab, the field,
data analysis in R, and scientific writing. He has participated in sampling Trips to GCE,
VCR, and PIE LTERs, and also attended the Coastal and Estuarine Research
Federation (CERF) 2023 Annual Conference in Portland, OR. He is currently conducting
field sampling at each of the coastal LTER sites and will soon begin sample processing
and analysis.

Research in the Rehage-Santos Labs is increasing the presentation of
underrepresented faculty and student providing research, mentoring and training
opportunities.

Water and soil samples collected by the FCE provide opportunities for undergraduates
and graduate students in the hydrology group to learn skills in analyzing and interpreting
water chemistry data. Many graduate and undergraduate students in the hydrology
group are from groups (Hispanic) under-represented in STEM fields. Dr. Price has
mentored a number of women toward degrees in the geosciences, a field known for low
female representation.

Impact on teaching and educational experiences

FCE Participatory Science continues to support the FCE Schoolyard LTeaER project
along with several initiatives. These include the Miami Plastic Patrol, Citizen Science
Climate Action Network (C-Scan), Documenting Sea Level Rise, Shading Dade, and
Epicollect 5-Sargassum.

Members of the Rehage Lab hosted visiting students in grades K-5 on multiple
occasions as part of the 2023 Camp Discover program. The program is a partnership
through the Frost Science Museum and the Upward Bound RISE program that aims to
provide opportunities for low income and educationally disadvantaged students. The
goal of the program is to prepare students for higher education and spread scientific
literacy.

Members of the Rehage Lab also spoke at the Captains for Clean Water Guide
Rendezvous and the FKFGA annual meeting in Fall 2023 to raise awareness on threats
to the health of Florida Bay ecosystems and fisheries. These event helps inform local
stakeholders with up-to-date information so that they can make informed decisions on
the management of fisheries resources.

53



Impact on information resources that form infrastructure

FCE IM Team

Information Manager Gabriel Kamener and Program Manager Mike Rugge comprise the
FCE IM Team. Mike has been with the FCE LTER since its inception. Gabriel has
worked for the FCE LTER since 2022.

FCE Databases

The FCE Information Management System (FCE IMS) contains 200 datasets which are
available on the FCE LTER’s website (https://fcelter.fiu.edu/data/index.html) and in the
EDI Data Repository. Three datasets were added and 43 long-term datasets were
updated between 03/01/2023 and 11/21/2023. All datasets are publicly accessible
except when an embargo has been granted while a graduate student publishes on a
dataset or where a dataset was not collected using FCE LTER funds. A table of titles
and DOIs for FCE LTER datasets deposited in the EDI Data Repository is included as a
supporting file in the Products section of this report.

Data Processing

FCE LTER has begun transitioning from FCE’s XLSX2EML perl program to the
Environmental Data Initiative’s ezEML web-based metadata editor to manage updates
of long-term datasets and now uses ezEML to create metadata for new datasets. The
tool supports datasets with one or more data entities, includes numerous quality checks
for both metadata and data, and includes a collaboration feature.

Data Use

Use of FCE LTER data is steady. A manual search of Google Scholar for DOI's from
the EDI Data Repository detected 3 papers published since 3/1/2023 that contain 4
citations of FCE LTER datasets, and a citation list from EDI yielded an additional 2
published papers citing 2 FCE LTER datasets in the same time frame. Downloads of
FCE datasets suggest that the data are being used more frequently than they are cited.
The EDI Repository recorded 35,163 non-robot downloads of FCE datasets between
3/1/2023 and 11/21/2023. Seven datasets had approximately 4,500 downloads apiece,
most of which are checksum requests from DataONE. A better estimate of downloads
from PASTA is thus approximately 3,142 when unidentifiable user agents and
repetitious DataONE requests are filtered out. This indicates considerable interest in
FCE data.

Supporting local and LTER Network science

The FCE information management team (G. Kamener and M. Rugge) supports site and
network level science by making high quality FCE data and metadata accessible
through the FCE LTER website, the EDI Data Repository, and Network-level cross-site
databases. Updates to long-term FCE datasets are regularly published on the FCE
website and in EDI in compliance with the FCE Data Management Policy and LTER
Data Release Policy. FCE is contributing meteorological data in the CUAHSI format to
support the development of a new version of ClimDB, the cross-site climate
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database. The Program Manager makes periodic updates to both the all-site
bibliography and personnel databases.

The FCE information management team lends its expertise to FCE researchers and
graduate students by offering assistance with metadata development, data
submissions, individual project database design, writing data management plans, GIS
and research graphics. In 2023, G. Kamener gave a presentation on “Preparing data
and metadata for publication with ezEML” to the FCE community during one of FCE’s
monthly brown bag seminars, hosted an IM workshop for participants in FCE’s
Research Experience for Teachers (RET) program, and provided informal training to
FCE staff to increase use of reproducible scripted workflows in R to prepare data for
publication.

IT Infrastructure

The FCE information management system’s staging and production web servers and
PostgreSQL databases, as well as the FCE SFTP server, are currently running on
Ubuntu virtual servers housed on FIU’s Division of Information Technology’s
equipment. FCE also has a web server and database on virtual servers housed at the
offsite Northwest Florida Regional Data Center (NWRDC) located on the campus of
Florida State University in Tallahassee, Florida. If the servers on the FIU campus go
down, then the website can be brought up using the servers at the NWRDC.

The FCE IM team worked with FCE graduate student James Sturges this year to
establish an FCE GitHub organization to serve as a centralized location to track and
share project code and documentation.

Other contributions

The FCE IM patrticipated in monthly LTER Network IM Virtual Water Cooler meetings,
the Network’s annual Information Managers Committee meeting, and the Earth Science
Information Partners July 2023 meeting. The FCE IM also serves on the LTER
Information Management Committee’s EML best practices subcommittee, revising best-
practices documentation and gathering feedback from the LTER IM community.

Impact on society beyond science and technology

Coproduction with stakeholders in fisheries (South Florida fishing guides) to work
together to improve ecosystem and fisheries management.

55



Products

Publications

Journal Articles

Published

Anderson, K.J., J. Kominoski, A. Nocentini, and S. Hoffman. 2023. Dissolved organic
matter in peat and marl marshes vary with nutrient enrichment and restored
hydrology. Restoration Ecology DOI: 10.1111/rec.13905.

Anjuman, A., Y. Xiang, G. Liu, and Y. Cai. 2023. Compositional and spectroscopic
analysis of dissolved organic matter samples from Everglades periphyton and
water. Environmental Science and Pollution Research DOI: 10.1007/s11356-023-
29461-1.

Bruhn, A.D., U. Wunsch, C. Osburn, J.C. Rudolph, and C.A. Stedmon. 2023. Lignin
phenol quantification from machine learning-assisted decomposition of liquid
chromatography-absorbance spectroscopy data. Limnology and Oceanography:
Methods 21: 508-528. DOI: 10.1002/lom3.10561

Calhoun-Grosch, S., E.M. Foster, W.R. James, R.O. Santos, J.S. Rehage, and J.
Nelson. 2023. Trophic niche metrics reveal long-term shift in Florida Bay food webs.
Ecosystems 26: 1183-1194. DOI: 10.1007/s10021-023-00825-5

Chavez, S., S. Wdowinski, D. Lagomasino, E. Castafieda-Moya, T.E. Fatoyinbo, R.P.
Moyer, and J.M. Smoak. 2023. Estimating structural damage to mangrove forests
using airborne Lidar imagery: Case study of damage induced by the 2017 Hurricane
Irma to mangroves in the Florida Everglades, USA. Sensors 23: 6669. DOI:
10.3390/523156669

Congdon, V.M., M.O. Hall, B. Furman, J.E. Campbell, M.J. Durako, K.L. Goodin, and
K.H. Dunton. 2023. Common ecological indicators identify changes in seagrass
condition following disturbances in the Gulf of Mexico. Ecological Indicators 156:
111090. DOI: 10.1016/j.ecolind.2023.111090

Flood, P.J., W.F. Loftus, and J.C. Trexler. 2023. Fishes in a seasonally pulsed wetland
show spatiotemporal shifts in diet and trophic niche but not shifts in trophic position.
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Appendix: FCE LTER Data Packages in the EDI Repository

DOl

https://doi.org/10.6073/pasta/7
05982cd2283522fd897664bbd
65aef2

https://doi.org/10.6073/pasta/3
8f75ch0611aa740d3b2717c4c
06cce75

https://doi.org/10.6073/pasta/2
b0c8f68ad01dcd49e528ba385
d6847d

https://doi.org/10.6073/pasta/6
7830b52b0e38010f9811a7386

eb4eel

https://doi.org/10.6073/pasta/d
d507279ead6dab518823bdcaf
ec8071

https://doi.org/10.6073/pasta/9 | Briceno, Henry

3436a5ebe22529ee014c25e5
6f5acll

https://doi.org/10.6073/pasta/3 | Briceno, Henry

f0e0898e39240fdd350179bef7

04745

https://doi.org/10.6073/pasta/7 | Heithaus, Michael; Matich,
98f9f64020e34a67a6ca325ff8 | Philip; Rosenblatt, Adam

3004d

Authors

Title

NOAA Daily Surface Meteorologic Data at NCDC Everglades
Station (ID-082850)(FCE LTER), South Florida from February
1924 to 2017

NOAA Daily Surface Meteorologic Data at NCDC Flamingo
Ranger Station (ID-083020) (FCE), South Florida, USA, January
1951 - ongoing

NOAA Daily Surface Meteorologic Data at NCDC Miami
International Airport Station (ID-085663), South Florida, USA,
January 1948 - ongoing

NOAA Daily Surface Meteorologic Data at NCDC Royal Palm
Ranger Station (ID-087760)(FCE LTER), South Florida, USA,
May 1949 - ongoing

NOAA Daily Surface Meteorologic Data at NCDC Tavernier
Station (ID-088841)(FCE), South Florida from June 1936 to May
2009

Surface Water Quality Monitoring Data collected in South Florida
Coastal Waters (FCE LTER), Florida, USA, June 1989-ongoing

Microbial Sampling from Shark River Slough and Taylor Slough,
Everglades National Park, South Florida, USA (FCE LTER),
January 2001 - ongoing

Large consumer isotope values, Shark River Slough, Everglades
National Park (FCE LTER), Florida, USA, May 2005 - ongoing
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https://doi.org/10.6073/pasta/38f75cb0611aa740d3b2717c4c06cc75
https://doi.org/10.6073/pasta/38f75cb0611aa740d3b2717c4c06cc75
https://doi.org/10.6073/pasta/2b0c8f68ad01dcd49e528ba385d6847d
https://doi.org/10.6073/pasta/2b0c8f68ad01dcd49e528ba385d6847d
https://doi.org/10.6073/pasta/2b0c8f68ad01dcd49e528ba385d6847d
https://doi.org/10.6073/pasta/67830b52b0e38010f9811a7386eb4ee0
https://doi.org/10.6073/pasta/67830b52b0e38010f9811a7386eb4ee0
https://doi.org/10.6073/pasta/67830b52b0e38010f9811a7386eb4ee0
https://doi.org/10.6073/pasta/dd507279ead6dab518823bdcafec8071
https://doi.org/10.6073/pasta/dd507279ead6dab518823bdcafec8071
https://doi.org/10.6073/pasta/dd507279ead6dab518823bdcafec8071
https://doi.org/10.6073/pasta/93436a5ebe22529ee014c25e56f5ac11
https://doi.org/10.6073/pasta/93436a5ebe22529ee014c25e56f5ac11
https://doi.org/10.6073/pasta/93436a5ebe22529ee014c25e56f5ac11
https://doi.org/10.6073/pasta/3f0e0898e39240fdd350179bef704745
https://doi.org/10.6073/pasta/3f0e0898e39240fdd350179bef704745
https://doi.org/10.6073/pasta/3f0e0898e39240fdd350179bef704745
https://doi.org/10.6073/pasta/798f9f64020e34a67a6ca325ff83004d
https://doi.org/10.6073/pasta/798f9f64020e34a67a6ca325ff83004d
https://doi.org/10.6073/pasta/798f9f64020e34a67a6ca325ff83004d

DOI

https://doi.org/10.6073/pasta/7
9e8ef59e5b93b2{f59321e0a93

118ae

https://doi.org/10.6073/pasta/l
2d2803ebfe3b12c4cfdd8b91fd
9df00

https://doi.org/10.6073/pasta/b
07ae4ab29f525b7a992438290

4e581b

https://doi.org/10.6073/pasta/2
76054adea70428074111409e
8231305

https://doi.org/10.6073/pasta/2
08fe755e7f7e097c3d07066f26
fad43

https://doi.org/10.6073/pasta/b
c7e38fe4b8f5f976f1adb9e639
5a8f8

https://doi.org/10.6073/pasta/b
0e2ae3fb140447717b8dd9fdc
3f4ach

https://doi.org/10.6073/pasta/4
c6f16f6825cc77204ef76f21e8
6b75a

https://doi.org/10.6073/pasta/7
ff817fdfl0aacOad84a64acd6c
alc9s

Authors
Heithaus, Michael; Matich,

Philip; Rosenblatt, Adam

Gaiser, Evelyn; Scinto, Leonard

Anderson, William

Trexler, Joel

Trexler, Joel

Trexler, Joel

Trexler, Joel

Trexler, Joel

Title

Temperatures,salinities, and dissolved oxygen levels in the
Shark River Slough, Everglades National Park (FCE LTER) ,
from May 2005 to May 2014

NOAA Monthly Mean Sea Level Summary Data for the Key
West, Florida, Water Level Station (FCE) (NOAA/NOS Co-OPS
ID 8724580) from 01-Jan-1913 to Present

Biogeochemical data collected from Northeast Shark Slough,
Everglades National Park (FCE LTER) from September 2006 to
September 2008

Pond Cypress C-111 Basin, Everglades (FCE), South Florida
Dendroisotope Data from 1970 to 2000

Consumer Stocks: Fish, Vegetation, and other Non-physical
Data from Everglades National Park (FCE LTER), South Florida,
USA from February 2000 to April 2005

Consumer Stocks: Physical Data from Everglades National Park
(FCE), South Florida from February 1996 to April 2008

Consumer Stocks: Fish Biomass from Everglades National Park
(FCE), South Florida from February 2000 to April 2005

Consumer Stocks: Fish Biomass from Everglades National Park
(FCE), South Florida from February 1996 to March 2000

Consumer Stocks: Wet weights from Everglades National Park
(FCE), South Florida from March 2003 to April 2008
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https://doi.org/10.6073/pasta/79e8ef59e5b93b2ff59321e0a93118ae
https://doi.org/10.6073/pasta/79e8ef59e5b93b2ff59321e0a93118ae
https://doi.org/10.6073/pasta/79e8ef59e5b93b2ff59321e0a93118ae
https://doi.org/10.6073/pasta/12d2803ebfe3b12c4cfdd8b91fd9df00
https://doi.org/10.6073/pasta/12d2803ebfe3b12c4cfdd8b91fd9df00
https://doi.org/10.6073/pasta/12d2803ebfe3b12c4cfdd8b91fd9df00
https://doi.org/10.6073/pasta/b07ae4ab29f525b7a9924382904e581b
https://doi.org/10.6073/pasta/b07ae4ab29f525b7a9924382904e581b
https://doi.org/10.6073/pasta/b07ae4ab29f525b7a9924382904e581b
https://doi.org/10.6073/pasta/276054adea70428074111409e8231305
https://doi.org/10.6073/pasta/276054adea70428074111409e8231305
https://doi.org/10.6073/pasta/276054adea70428074111409e8231305
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Largo, Watson River Chickee, Taylor Slough, and Little Rabbit
Key, South Florida (FCE) from July 2001 to August 2001

Rubisco limited photosynthesis rates of Red mangrove leaves at
Key Largo, Watson River Chickee, Taylor Slough, and Little
Rabbit Key, South Florida (FCE) from July 2001 to August 2001

Light limited carboxylation rates of Red mangrove leaves at Key
Largo, Watson River Chickee, Taylor Slough, and Little Rabbit
Key, South Florida (FCE) from July 2001 to August 2001

Flux measurements from the SRS-6 Tower, Shark River Slough,
Everglades National Park, South Florida (FCE) from January
2004 to August 2005

Gastropod Biomass and Densities found at Rabbit Key Basin,
Florida Bay (FCE) from March 2000 to April 2001

Seagrass Epiphyte Accumulation for Florida Bay, South Florida
(FCE) from December 2000 to September 2001

Mean Seagrass Epiphyte Accumulation for Florida Bay, South
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Seagrass Epiphyte Accumulation: Epiphyte Loads on Thalassia
testudinum in Rabbit Key Basin, Florida Bay (FCE) from March
2000 to April 2001
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Thalassia leaf morphology and productivity measurements from
arbitrary plots located in a Thalassia seagrass meadow in Rabbit
Key Basin, Florida Bay (FCE) from March 2000 to April 2001

Florida Bay, South Florida (FCE) Seagrass Epiphyte Light
Transmission from December 2000 to February 2002

Periphyton Net Primary Productivity and Respiration Rates from
the Taylor Slough, just outside Everglades National Park, South
Florida (FCE) from December 1998 to August 2002

Diatom Species Abundance Data from LTER Caribbean Karstic
Region (CKR) study (FCE) in Yucatan, Belize and Jamaica
during 2006, 2007, 2008

Periphyton data from LTER Caribbean Karstic Region (CKR)
study in Yucatan, Belize and Jamaica (FCE LTER) during 2006,
2007, 2008

Greenhouse experiment (FCE) in April and August 2001:
Responses of neotropical mangrove saplings to the combined
effect of hydroperiod and salinity/Biomass

Greenhouse mixed culture experiment from August 2002 to April
2003 (FCE): Evaluate the effect of salinity and hydroperiod on
interspecific mangrove seedlings growth rate (mixed culture) /
Morphometric variables

Bulk Parameters for Soils/Sediments from the Shark River
Slough and Taylor Slough, Everglades National Park (FCE),
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Seasonal Electrofishing Data from Rookery Branch and Tarpon
Bay, Everglades National Park (FCE LTER), Florida, USA,
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Minnowtrap Data from Rookery Branch and the North, Watson,
and Roberts Rivers National Park (FCE) from November 2004 to
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Fish and consumer data collected from Northeast Shark Slough,
Everglades National Park (FCE) from September 2006 to
September 2008

Bull shark catches, water temperatures, salinities, and dissolved
oxygen levels in the Shark River Slough, Everglades National
Park (FCE) , from May 2005 to May 2009

Water Levels and Porewater Temperature data from the Shark
River and Taylor River Slough mangrove sites, Everglades
National Park (FCE LTER), South Florida, USA: May 2001 -
ongoing

Abiotic monitoring of physical characteristics in porewaters and
surface waters of mangrove forests from the Shark River Slough
and Taylor Slough, Everglades National Park (FCE LTER),
South Florida, USA, December 2000 - ongoing

Global Climate Change Impacts on the Vegetation and Fauna of
Mangrove Forested Ecosystems in Florida (FCE): Nekton Mass
from March 2000 to April 2004

Monitoring of nutrient and sulfide concentrations in porewaters of
mangrove forests from the Shark River Slough and Taylor
Slough, Everglades National Park (FCE LTER), Florida, USA,
December 2000 - ongoing

Standard Lengths and Mean Weights for Prey-base Fishes from
Taylor River and Joe Bay Sites, Everglades National Park (FCE),
South Florida from January 2000 to April 2004
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Subsurface Water Temperatures taken in Shark River Slough
and Taylor Slough, Everglades National Park, South Florida
(FCE) from May 2010 to Present

Monthly monitoring fluorescence data for Shark River Slough
and Taylor Slough, Everglades National Park (FCE) for October
2004 to February 2014

Large shark catches (Drumline), water temperatures, salinities,
dissolved oxygen levels, and stable isotope values in the Shark
River Slough, Everglades National Park (FCE LTER) from May
2009 to May 2011

Shark catches (longline), water temperatures, salinities, and
dissolved oxygen levels, and stable isotope values in the Shark
River Slough, Everglades National Park (FCE LTER), Florida,
USA, May 2005 - ongoing

FCE Redlands 1994 Land Use, Miami-Dade County, South
Florida

FCE Redlands 1998 Land Use, Miami-Dade County, South
Florida
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Florida
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