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Abstract

A mixed mangrove and marsh community in south Texas experienced a record freeze event in
February 2021. The event resulted in the mortality of over 99% of the black mangrove, Avicennia
germinans, which had previously dominated the vegetative community. With the loss of
mangroves, the smooth cordgrass, Spartina alterniflora has rapidly expanded throughout the entire
wetland. To document the changing post-freeze edaphic conditions and their effects on S.
alterniflora photosynthetic performance, we collected data on various environmental and plant
physiological parameters within the wetland habitat mosaic. We examined recolonizing S.
alterniflora monocultures, two transitional patches containing both species, two healthy reference
S. alterniflora patches, one live and one dead mangrove patch, and an unvegetated patch.
Recolonizing S. alterniflora patches recorded higher redox potentials (180.040 £ 154.395 mV)
than the dead mangrove patch (-394.239 = 40.378 mV). We observed similar mean net
photosynthetic rates for both the reference (2.486 + 3.773 pmol CO, m? s*) and recolonizing
(3.047 +3.721 umol CO, m?s™) S. alterniflora patches. Based on these results, S. alterniflora has
successfully overcome the low redox conditions that characterize this altered community,
reaffirming its former dominance in this coastal wetland ecosystem. The change in vegetation
dominance illustrates how S. alterniflora can adapt to the changing environmental conditions seen

in south Texas.



Introduction

A mosaic of temperate salt marsh plants and tropical mangroves exist in coastal wetlands
of temperate-tropical climate transition zones (Ross et al. 2009). The tropicalization of coastal
wetlands in these climate transition zones has been observed because of winter climate change
increasing winter temperatures (Osland et al. 2013). The US gulf coast is a climate transition zone
and has witnessed the northward range expansion of black mangroves, Avicennia germinans, into
temperate saltmarsh regions, which contain the smooth cordgrass, Spartina alterniflora
(Cavanaugh et al. 2019). A. germinans has been able to establish dominance because they can also
out shade S. alterniflora since mangroves have higher biomass and grow into trees (Stevens et al.
2006). The expansion of mangroves into marshes and the subsequent shift in community
composition will likely have substantial impacts on ecosystem service provisions of the wetland
(Osland et al. 2013).

Mangroves and salt marshes alike provide valuable, but different ecosystem services
(Barbier 2007). The tall woody biomass of mangroves protects coastlines from storm surge
damage and erosion by reducing the height, duration, and velocity of incoming waves (Barbier et
al. 2011). The complex and dense root structures of mangroves enable sediment stabilization and
encourage particle retention and deposition, all which help control erosion (Barbier et al. 2011).
Mangrove root structure also provides suitable reproductive habitat and sheltered living space for
offshore fisheries (Barbier et al. 2011). The tightly packed vegetation structure of marshes provides
habitat that is mainly inaccessible to large predatory fish. This protection allows increased growth
and survival of various ecologically and economically important marine species like oysters,
shrimp, and juvenile fish (Boesch and Turner 1984). Upright salt marsh grasses slow water from

rivers, terrestrial runoff, rain, and groundwater, and function as natural filters that facilitate



suspended sediment deposition from the water and nutrient uptake by salt marsh grasses (Morgan
et al. 2009). Plant uptake of excess nutrients like nitrogen helps prevent the eutrophication of
downstream ecosystems like bays, estuaries, and oceans (Jordan et al. 2011).

Mangroves and salt marshes are among the most productive ecosystems in the world
(Alongi 2020). Salt marshes sequester more (24 %) net primary productivity than mangroves (12
%), but mangroves proportionally store more carbon (739 Mg C ha) than salt marshes (334 Mg
C hat) (Alongi 2020). One of the main regulators of high primary productivity in these ecosystems
is tidal energy, which indirectly allows plants to allocate more of their energy for growth and
reproduction (Alongi 2020). High primary productivity indicates high rates of deposition of
organic carbon into the sediment in the form of dead plant matter (Chmura et al. 2003). The dense
vegetation and structural complexity of the root systems in mangrove and marsh ecosystems
efficiently trap sediment sourced internally and externally, and its associated organic carbon
(Chmura et al. 2003). In addition to deposition of organic carbon, tidal inundation reduces oxygen
content in wetland sediments since diffusion rates of oxygen in water are slow. Anoxic sediment
conditions slow microbial decomposition of organic carbon by limiting the availability of oxygen
as the final electron acceptor in microbial aerobic respiration (EPA Office of Water Office of
Science 2008). Microbes then use less efficient respiration pathways with alternative final electron
acceptors. This slows the remineralization and decomposition of buried organic carbon in anoxic
sediments, which allows for long term carbon burial in marsh and mangrove sediments, with
mangroves storing twice as much organic carbon as marshes (Alongi 2020).

Because mangroves and salt marshes are ecologically valuable and function as global
carbon sinks (Alongi 2020), it is important to understand how primary productivity may be

impacted by shifts in community composition. As climate change continues, extreme weather



events such as freezes, will increase in magnitude and frequency (IPCC 2023). Winter storm Uri,
a 14-day freeze event in 2021, caused the death of over 99% of A. germinans along the Texas
coast. Preliminary observations indicate that the subsequent decomposition of mangrove plant
biomass, including root and rhizome tissues, added organic carbon to estuarine soils and caused
hypoxic conditions (Dunton, unpub data). S. alterniflora was able to persist through the event since
it is more cold-tolerant than A. germinans (McKee 1993), and S. alterniflora tends to rapidly
recolonize after winter freezes cause the dieback of A. germinans (Stevens et al. 2006) (Fig. 1). In
the process, S. alterniflora removes available nutrients from the soil, which can cause root
competition for nutrients between the grass and new mangrove seedlings (Patterson et al. 1993).
S. alterniflora is an efficient user of available nutrients, which produces significant amounts of

organic matter (Materne et al. 2022).

Figure 1: Image of S. alterniflora surrounded by dead mangroves. Photo taken in Port Aransas,
TX, 2 years after winter storm Uri.

This study assesses S. alterniflora that is growing in former mangrove habitats. We
compare soil and photosynthetic parameters of various vegetative composition throughout the
wetland: S. alterniflora growing in pure stands, recolonizing S. alterniflora that is growing within

vast areas of dead mangroves, transitional patches with both S. alterniflora and A. germinans, an



unvegetated patch, live, and dead A. germinans patches. We hypothesize that (1) post-freeze soil
conditions in recolonizing S. alterniflora patches are characterized by high soil organic matter and
low redox potentials, and that (2) patches of recolonizing S. alterniflora can withstand soils with
low redox potentials; however, primary productivity is low. This study will increase our
understanding of the performance of S. alterniflora in wetland soils following freeze-induced

mangrove loss.

Materials and Methods
Study site

We conducted this study on Coyote Island, a portion of Mustang Island located in South Texas

(Fig. 2), from June to August in 2023.

»
o Ry Y -
r,w

7%

/4 . ~ p ' R/ 5
== | eaflet | Data by © OpenStreetMap, under ODbL., Tiles © Esri — Source: Esri, i-cubed, USDA, USGS, AEX, GeoEye, Getmapping, Aerogrid, IGN, IGP, UPR-EGP, and the GIS User Community

Figure 2. Locator map of the study site. Blue markers indicate the different patches.

Wetlands on Coyote Island consist of a saltmarsh — mangrove ecotone that were dominated

by A. germinans.



Field methods

In May 2023, we identified four patches of interest: two patches of S. alterniflora growing
within dead mangroves and two transitional patches with both S. alterniflora and live A.
germinans. We also identified five reference patches: two healthy S. alterniflora patches not
growing within dead mangroves, one live and one dead A. germinans patch, and one bare patch.
The reference patches serve as end members of each vegetation type for us to contextualize the

data from the first four patches with what is going on in the greater habitat (Fig. 3).
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Figure 3. Schematic of the landscape mosaic on Coyote Island, not to scale (credit:
biorender.com).

We demarcated patch extent using flags and measured the patch dimensions across the sets
of flags. To assess the dominant cover type for each patch, we measured the percent cover of S.
alterniflora, live and dead A. germinans, water, and mud. We collected other environmental data
such as air and soil temperature, maximum canopy height, and water depth if any was present in
the patch. We used the Mustang Beach airport weather station hotline to determine air temperature.
We measured soil temperature using the Omega HH-25KC digital thermometer. Temperature
controls many microbial mediated biogeochemical reactions in the sediment and water column,

where higher temperatures increase microbial metabolism (Chmura et al. 2003). Water depth limits



the amount of oxygen able to diffuse from the air into the sediment and power microbial
metabolism of organic carbon (EPA Office of Water Office of Science 2008).

To assess biogeochemical conditions, we collected three replicates of 30-cm soil cores for
all patches and one 10-cm core at each patch to determine the distribution of sediment grain sizes.
All cores were stored in WhirlPacs on ice to slow any microbial activity while in transit to the lab.
We then froze the samples until lab processing.

To measure redox, we used a redox microelectrode (Unisense A/S) and 1-m long soil corers
with holes drilled every cm. We covered the holes in at least two layers of packing tape to ensure
the sediments were not exposed to oxygen. First, we calibrated the reference Ag/AgCl electrode
(Unisense A/S) with the redox microelectrode calibration kit (Unisense A/S). We then pounded
the core liner into the ground at each patch to an approximate depth of 32 cm, capped the top of
the core, pulled the core out of the ground, and capped the bottom of the core. Then, we laid the
core horizontally, and measured the total length of sediment collected. Starting at the top of the
core, we took 5 to 7 redox measurements for every cm in the first 4 cm, then every 2 cm from a
depth of 4 to 20 cm, then every 4 cm from a depth of 20 to 32 cm. We measured two cores from
both recolonizing S. alterniflora patches, and one core for all other patches in the field.

The redox potential at any point in the sediment column gives insight to the oxidation state,
and by extension whether microbes are conducting oxidative metabolism or not. A positive redox
potential indicates oxygen is the primary electron acceptor in microbial metabolism. A negative
redox potential indicates that microbes are utilizing alternative electron acceptors for less efficient
anaerobic metabolism, thus decomposing organic carbon at a slower rate (Froelich et al., 1979).

We used an infra-red gas analyzer (IRGA) (LI1-6400; LI-COR Biosciences, Inc.) to collect

plant physiology data (e.g., photosynthesis, respiration, and transpiration rates) in five out of the



nine patches (both transition and recolonizing S. alterniflora patches and one of the reference S.
alterniflora patches). Plant respiration is a process in which plants produce H20, CO2, and energy
for growth and maintenance of plant tissues. All three parameters provide insight into the growth
rates of S. alterniflora and A. germinans. We measured five to seven S. alterniflora leaves in all
five patches, and three live A. germinans leaves in each of the two transition patches between 9AM
and 12PM. We collected data for the leaves at ambient light and in the dark. We haphazardly
selected the plants to measure within a patch and used the second leaf. All measurements were
corrected to leaf area. We also haphazardly collected three replicates of leaves from the five

patches to calculate tissue C:N:P.

Lab methods

We quantified soil organic matter (SOM) by measuring percent loss on ignition (LOI), soil
moisture, carbon and nitrogen content, and 5°C and &°N stable isotopes according to the
following lab protocols: “Sediment Organic Carbon” (Dunton and Jackson 2009) and “Preparing
Soil and Sediment Samples for EA-IRMS” (Bristol 2020, adapted from Brodie et al. 2011). SOM
is an indicator of soil quality and an important source of nitrogen and micronutrients required for
plant growth and microbial activity (Bruland and Richardson 2006). Sediment carbon and nitrogen
content gives us an idea of how much of the nutrients have been deposited. To measure sediment
porewater ammonium in the 30 cm cores, we thawed each sample, and followed Parsons’
Determination of Ammonia protocol (Butler 1984). Ammonia is a nutrient taken up by plants and
is a byproduct of microbial decomposition of organic carbon. Higher sediment ammonium levels
indicate increased remineralization of organic carbon and/or decreased plant uptake (Zhu et al.

2010).



We measured S. alterniflora and A. germinans leaf tissue C:N:P ratios according to the
following protocols in lab: “Stable Isotope Analysis: Protocol and Procedures” (Jackson,
Garlough, Dunton) and “Tissue Phosphorus Content.” This allowed us to identify the relationship

between nutrient availability and marsh community structure.

Data analysis

All patches were visually compared for redox potential, sediment ammonium, sediment
C:N ratio, and LOI with boxplots. We also created a boxplot of net photosynthetic rate for S.
alterniflora, transition, and reference S. alterniflora patches. We calculated the net photosynthetic
rate by subtracting the respiration rate (PAR = 0) from the photosynthetic rate (PAR = ambient
conditions). We used R software to create all boxplots.

We ran a generalized linear mixed model (GLMM), which is an extension of the linear
mixed model framework. Using a GLMM is appropriate because we needed a way to account for
subject-specific variations that are not explained by fixed effects, and a flexible framework that
would allow for the inclusion of both fixed and random effects. This provides a more realistic
representation of the underlying data generating process.

We used the Imer class from the Ime4 package in R (version 4.2.1). In the model, we
specified net productivity (umol CO, m st) as the response variable, and indicated the following
predictor variables: sediment 8*3C (%), carbon content (%), sediment 3°N (%o), nitrogen content
(%), soil moisture (%), redox potential (mV), and SOM (%). We defined the grouping variable for
random effects as patch type, so that each group represents a cluster of observations and the model

accounts for variability within and between these groups.



A regression analysis shows us which parameters significantly impact net productivity, if
any, while accounting for patch type. Using regression analysis as opposed to running several t-
tests or ANOVAs helps reduce statistical biases since we are only running one test and not several.

Results
Figures and data are not reported for all parameters collected. Several of the parameters

show relationships that have been well studied or do not add much more to the story, so we did
not include those in the results and discussion section of this report.
Sediment organic matter

Recolonizing S. alterniflora patches have the maximum SOM value of 2.781 % (Fig. 4).
Recolonizing S. alterniflora has the greatest SOM (2.231 + 0.473 %) and reference S. alterniflora
has the least SOM (0.479 + 0.416 %) (Fig. 4). Transitional patches have a greater mean SOM
(1.713 = 0.442 %) and more variability than the live mangrove patch (1.508 + 0.348 %) (Fig. 4).
Dead mangrove (1.023 + 0.168 %) has a greater mean SOM than the bare patch (0.766 = 0.159

%), and both these values are greater than the reference S. alterniflora mean SOM (Fig. 4).
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Figure 4. Boxplots of SOM content (%) for all patch types.



Sediment C:N ratio

The recolonizing S. alterniflora patches have C:N values from 9.917 to 11.871, which is
slightly less than both the live and dead mangrove values (Fig. 5). Live mangrove soils have the
highest mean C:N values (12.223 £ 0.736), and dead mangrove soils have very similar C:N values
(12.173 + 1.298) (Fig. 5). Reference S. alterniflora patches have one of the lowest mean C:N
values (10.925 + 0.811), and show the greatest variance amongst the patches (4.382 to 9.714) (Fig.
5). The upper part of the reference S. alterniflora boxplot overlaps with the mean and lower half

of the bare patch’s C:N values (9.670 £ 2.259) (Fig. 5).
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Figure 5. Boxplots of sediment carbon to nitrogen ratio for all patch types.
Sediment ammonium

Mean sediment ammonium levels are similar across all patch types except reference S.
alterniflora, which has the highest mean and overall variance (420.063 + 128.389 uM) (Fig. 6).

Recolonizing S. alterniflora patches have a greater mean (146.816 + 72.982 uM) than live



mangrove (118.935 + 43.991 uM), but less than that of dead mangrove (159.218 + 71.702 uM)
(Fig. 6). Bare patch has the least variance of all patches and one of the lowest means (97.000 +

22.434 uM). Transitional patches have the lowest mean of all patches (96.385 + 56.283 uM) (Fig.

6).
500
E 4001
=
<t
T
Z 3001
1=
[«
£
'S 2007 .
N
1001 * ﬁ *
o o ® @ 2 >
&L O oS & &
S S o & SN
N N Q Q &
@ @ @ 2 N
i W @ <@
@ S
Q? g é@f‘

Figure 6. Boxplots of sediment ammonium (uM) for all patch types.
Redox potential

Reference S. alterniflora sediments have a greater mean redox potential (-327.845
+185.565 mV) than bare patch sediments (-342.242 + 135.861 mV) (Fig. 7). Dead mangrove
sediments have the lowest mean redox potential (-394.239 + 40.378 mV), which is similar in value
to reference S. alterniflora and the bare patch (Fig. 7). The recolonizing S. alterniflora patches

have the highest redox potential (180.040 + 154.395 mV) (Fig. 7). These values are similar to the



means for live mangrove (160.184 + 212.936 mV) and transitional (-9.698 + 175.405 mV) patches
(Fig. 7).
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Figure 7. Boxplots of redox potential values (mV) across all patch types.
Net productivity data

There is a high amount of variability in the net photosynthetic rate for the recolonizing S.
alterniflora, transitional, and reference S. alterniflora patches (figure 8). The reference S.
alterniflora patch has the lowest mean net photosynthetic rate (2.486 + 3.773 pmol CO, m? s
when compared to the recolonizing S. alterniflora (3.047 + 3.721 pmol CO, m? s?) and
transitional (2.957 + 2.851 umol CO, m? s?) patches (figure 8). Though, overall, net

photosynthetic rates of S. alterniflora are comparable across patch types (figure 8).
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Figure 8. Boxplots of net photosynthetic rate (umol CO, m? s?) of S. alterniflora across various
patch types.
GLMM

None of the predictor variables (e.g., fixed effects) or random effect of patch type are
statistically significant (table 1). The marginal R? is 0.3369 and the conditional R? is 0.6159.

Table 1. Summary of GLMM fixed effects results.

Fixed Effects Estimate |Standard Error| df |tvalue| Pr(>|t|)
(Intercept) 19.73563 35.23662 0.78896| 0.56 | 0.694
Sediment 5'*C (%) -0.28706 1.74059 0.88343|-0.165| 0.899
Sediment C (%) 25.59121 18.58099 2.20416| 1.377 | 0.292
Sediment 5'°N (%o) -3.50128 2.24207 3.84387|-1.562 | 0.196
Sediment N (%) -302.99424 | 192.11399 |1.83016|-1.577| 0.267
Soil moisture (%) -0.69596 0.78244 3.9078 | -0.889 | 0.425
Redox potential (mV) -0.01203 0.01179 0.83017| -1.02 | 0.52
SOM (%) 3.72411 8.25208 3.39956| 0.451 | 0.679




Discussion

Soil organic matter

High SOM values for recolonizing S. alterniflora indicate the presence of organic-rich
sediments, as expected. Mangroves and grass-dominated salt marshes are known for having greater
SOM values (Osland et al. 2018). The lack of vascular plants in dead mangrove and bare patches
may explain why SOM is less than that observed in recolonizing S. alterniflora, transitional, and
live mangrove patches (Osland et al. 2018). Dead mangrove and bare patches likely have a greater
mean SOM than reference S. alterniflora because of the detrital organic matter input post-freeze.
Furthermore, the reference S. alterniflora patches were located in either tidally flushed sediments

or coarse-grained sandy sediments, possibly preventing the accumulation of SOM.

Sediment C:N ratio

Wetlands are sinks for organic carbon and nutrients (Schlesinger 1997; Mitsch and
Gosselink 1993) and quickly begin to sequester these materials. Coastal wetlands tend to have
sediment C:N ratios around 20:1 (Bianchi et al. 2013), but our sediment C:N ratios are less than
this indicating a likely invasion of cyanobacteria. Once the mangroves died, there was not dense
vegetation blocking sunlight, which may have allowed cyanobacterial invasion of dead mangrove
sediment. An increase in cyanobacterial presence at the sediment surface could decrease the C:N
ratio. This likely explains why the bare patches have the lowest C:N ratios. Dead mangrove,
recolonizing S. alterniflora, and live mangrove sediments have similar C:N values that are greater
than the bare patch because the organic matter inputs to the sediment come from plants with high
C:N values (i.e., S. alterniflora and A. germinans). The reference S. alterniflora patches likely

have the most variance because of their proximity to a tidal creek, thus indicating potential marine



organic matter sources such as phytoplankton which have low C:N relative to wetland plants (high
C:N).
Sediment ammonium

Higher sediment ammonium indicates greater microbial decomposition since ammonium
is a byproduct of microbial metabolism or reduced plant uptake (Sanchez-Pérez et al. 2021). The
higher sediment ammonium values in the reference S. alterniflora and dead mangrove patches
indicate more microbial decomposition of organic matter or reduced plant uptake.

Lower ammonium concentrations in the recolonizing S. alterniflora and transitional
patches could be the result of higher plant uptake or higher amounts of microbial respiration, which
can be a factor of oxygenated root zones or less organic matter (McKee et al. 2002). Nutrient
uptake could be the main driver for lower ammonium concentrations since we sampled during S.
alterniflora’s growing season, when nutrients such as ammonium are actively being taken up.
Additionally, the lower ammonium concentrations could be a result of slowed microbial
decomposition due to considerable amounts of refractory carbon compounds, such as lignin, and

relatively lower nitrogen content in S. alterniflora litter (Perry and Mendelssohn 2009).

Redox potential

Redox potential is a measure of the oxidizing potential of sediments and directly impacts
microbial respiration processes. Positive values indicate the presence of oxygen and an oxidizing
environment. Negative values indicate a reducing environment.

Aerobic respiration dominates the near-surface, oxygenated sediments, and is the most

efficient metabolic pathway for microbes (Froelich et al. 1979). However, anaerobic processes are



slower and less efficient, so anoxic sediment environments decrease the rate of organic matter
remineralization and can promote long term carbon storage (Froelich et al. 1979).

The negative redox potentials for dead mangrove, reference S. alterniflora, and bare
patches indicate anoxic conditions. The positive redox potentials for recolonizing S. alterniflora,
transitional, and live mangrove patches indicate oxic conditions. However, the reference S.
alterniflora patch is characterized as soils with low redox potentials.

We measured redox potential in late July to early August, when tides were low, so the
patches were not regularly inundated with water. This likely exposed the sediment to oxygen more
frequently (de la Cruz et al. 1989). Additionally, we sampled in the middle of the growing season,
and S. alterniflora oxidizes the rhizosphere when photosynthesizing, which can create patches of
oxygenated soils (de la Cruz et al. 1989). Sediment from bare and dead mangrove patches are
expected to have negative redox potentials and be more anoxic because of the lack of live

vegetation (de la Cruz et al. 1989).

Net productivity

The high amount of variability in the net photosynthetic rates across the vegetated patches
is likely because we took measurements over a 3-hour period (9:00AM to 12PM), where the later
measurements are closer to peak sunlight and the earlier measurements are within the early to late
morning sun. At temperatures above 30°C, S. alterniflora has been shown to exhibit high
photorespiratory activity and disabling of the C4 pathway (Shea 1977). The atmospheric
temperature was at or greater than 30° C for all sample times (Wunderground 2023).

Net photosynthetic rates of S. alterniflora were similar across patch types indicating that

S. alterniflora may not be impacted by changes in sediment biogeochemical conditions. The



reference S. alterniflora patch has a lower mean net photosynthetic rate compared to the
recolonizing S. alterniflora and transitional patches, which may be explained by the negative redox
potentials. Reducing soil conditions can cause root oxygen deficiencies and accumulation of toxic

sulfides, which can impair growth (Mendelssohn and Morris 2000).

GLMM

The R? values of 0.3369 and 0.6159 indicate an overall poor fit of the model. When
considering random effects (e.g., patch type), the R? almost doubles. While this is not necessarily
an overall great fit of the predictor variables to net productivity, it accounts for about twice as
much of the variance seen in the model. Both R? values are relatively low, which indicates that
more samples or predictor variables likely need to be added to the model to explain the variance
between net productivity and the predictor variables. This would likely improve the R? value and
show an overall better fit of the model. In addition, the relatively low explained variance of the
model supports our observation that net photosynthesis rates in S. alterniflora are not impacted by

sediment biogeochemical conditions, and that other factors may be at play.

Concluding statements

Dead mangrove soils have low redox potentials and high sediment C:N values, which
indicate anoxic conditions and refractory organic matter. Recolonizing S. alterniflora has high
redox potentials, SOM, and sediment C:N values, which indicates oxic conditions and organic-
rich sediments. While redox potential is high, which would favor high rates of microbial
respiration, SOM and C:N also remain high, potentially indicating high organic matter inputs and

reduced decomposition rates. Despite high soil variability, S. alterniflora maintains a consistent



rate of net photosynthesis, indicating resilience to changing abiotic conditions, further allowing S.
alterniflora to recolonize wetland habitats following freeze-induced mangrove mortality (Martinez
et al. 2023).

To further our understanding of S. alterniflora recolonization, the next steps of this project
would include increasing the sample size, temporal extent, and breadth of variables measured.
Collecting photosynthetic data over the entire course of the growing season, April to October, and
sampling in a smaller window of time, so the photoinhibition effect is minimized in the data (Mo
et al. 2023), will paint a better picture of the productivity of S. alterniflora. Increasing overall
sample size would improve statistical accuracy and help account for the hyper-specific
heterogeneity within the wetland mosaic. This would allow for data to be more easily compared
to other locations. Additionally, collecting high precision elevation and sulfide data would likely
improve model performance. Water inundation is a major limiting factor for wetland vegetation.
Sulfate reduction to sulfide by anaerobic microorganisms is a common occurrence in marine
sediment (Jargensen et al. 2019), and sulfide data is easier to interpret than redox potential since
the signal from a single electron acceptor is measured.

This study was a step forward in better understanding primary productivity of S.
alterniflora in a formerly black mangrove dominated wetland post-freeze. Severe weather events
are predicted to increase in magnitude and severity because of anthropogenic-induced climate
change (IPCC 2023). As more severe weather events like freezes become more common, it is
important to understand the implications of shifting vegetation populations since this can impact
the carbon sink function of wetlands.
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