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ABSTRACT
Current estimates of methane (CH4) emissions from coastal salt marshes are underrepresented in global carbon budgets and climate models. Limited representation results from difficulty gathering belowground CH4 measurements, with associated soil and microbial constraints. The Terrebonne-Timbalier Estuary of Louisiana (USA) is an ideal setting to study landscape controls on microbial CH4 dynamics. A Wardenaar Peat Profile Sampler was used to extract intact soil monoliths, from up to 1 m soil depth, from locations along ~63 km of coastline. The monoliths provided large sample volumes for up to 26 different yet coordinating analyses from the same depth increments. Analyses spanned from in situ soil physicochemistry to dissolved gas measurements and Rhizon-extracted porewater, as well as microbial community characterization from 16S rRNA gene sequence profiling. Sites with higher porewater salinity had higher sulfate concentrations that also inversely and non-linearly correlated to porewater CH4 concentrations. Significant correlations between porewater CH4 and porewater total nitrogen, ammonium, and acetate concentrations suggested a strong link between microbial CH4 and N cycling. The total abundance of archaea ranged from 106.8 to 108.1 per gram of soil, with copies of the mcrA gene used to estimate the abundance of putative methanogens, which ranged from 104.9 to 107.3 per gram of soil. Salinity also significantly correlated to the relative abundances of the top five putative methanogenic operational taxonomic units (OTUs). Methylotrophic methanogenesis may be contributing to CH4 cycling in the soils because Methanofastidiosales and Methanomassiliicoccales were the most abundant and shared OTUs from multiple locations and soil depths, regardless of salinity or sulfate concentrations. These results challenge several paradigms, including that high sulfate concentrations suppress methanogenesis and that CH4 in tidal marsh soils is predominately generated through acetoclastic methanogenesis. This study adds important new taxonomic information about archaeal diversity from tidal marsh soils. The combined porewater chemistry, soil characteristics, and microbiome data improve our understanding of “bottom-up” processes and interactions that control CH4 inventories and cycling. The results should also provide robust data at the microbial scale for climate models used to predict changes in CH4 emissions over time from coastal salt marshes.
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[bookmark: _Toc198546427][bookmark: _Toc198546853][bookmark: _Toc201840801]1.1 Problem Statement
Methane (CH4) is the second most abundant greenhouse gas that contributes to global climate change, after carbon dioxide (CO2). The tetrahedral molecular structure of CH4 effectively absorbs infrared radiation, which results in a global warming potential of 28–32 times more potency compared to CO2 over a 100-year period (Nisbet et al., 2020; IPCC, 2023). This high global warming potential, combined with a short atmospheric lifetime of ~12 years, make CH4 a prominent target for short-term greenhouse gas mitigation (Nisbet et al., 2020). But, since 2007, the atmospheric concentration of CH4 has increased at a rate of 10 ppb per year to reach a record high during the 2020–2022 National Oceanic and Atmospheric Administration’s observation period (Nisbet et al., 2020; Michel et al., 2024). As of January 2025, the atmospheric CH4 concentration was 1,935 ppb, which represents a 20% increase since the start of the century (Lan, 2025). Measurements of the carbon isotope values of CH4 (δ13CCH4), used to trace atmospheric CH4 sources, indicate that the 2020–2022 spike in CH4 emissions had lower δ13CCH4 than would be caused by fossil fuel sources and was instead primarily driven by biogenic methanogenesis or CH4 methane production performed by specialized Archaea called methanogens (Zhang et al., 2023; Michel et al., 2024). As such, large international scientific organizations and the Intergovernmental Panel on Climate Change (IPCC) have emphasized a need to increase our understanding of CH4 emissions and feedback mechanisms from natural sources, as opposed to anthropogenic sources (e.g., energy, agriculture, waste disposal) (IPCC, 2023), because changes to climate through time have the potential to amplify natural CH4 emissions (Zhang et al., 2023).
Globally, wetlands are the largest natural source of biogenic CH4 emissions and account for roughly one-third of the total CH4 emissions (Zhang et al., 2017). Coastal wetlands or tidal salt marshes are complex, dynamic landscapes. The accumulation and decomposition of vegetation leads to organic-rich soils that experience anoxia due to tidal flooding. This is an ideal setting for methanogenic activity (Wen et al., 2019). However, there are many uncertainties regarding the biogeochemical processes that control CH4 emissions from tidal salt marshes. Belowground CH4 measurements are difficult to obtain, which has resulted in an underrepresentation of CH4 emissions from tidal salt marshes in global carbon (C) cycle budgets and climate models (Zhang et al., 2023). More research is needed to uncover the microbial diversity and interactions among methanogens and other microbes, such as methanotrophs or methane-oxidizers, as well as of the processes that contribute to and regulate abiotic controls on CH4 emissions, like marsh water geochemistry and soil properties (Wang et al., 2022; Hartman et al., 2024). Moreover, because tidal systems are directly impacted by rising temperatures and water level variability due to climate change, more research is needed to understand the effects of increasing salinity due to relative sea-level rise on microbial activities and interactions that affect CH4 production (Zhang et al., 2020; Hartman et al., 2024) and which environmental changes impact CH4 production the most (Luo et al., 2019; Wallenius et al., 2021).
To fill knowledge gaps about tidal marsh microbial communities and environmental conditions that control CH4 production and potential emissions, the primary goal for this thesis research was to analyze patterns in marsh soil microbial diversity in the context of environmental variables like salinity that could affect methanogen and methanotroph presence and distribution. Soils were collected along a natural salinity gradient from a brackish tidal marsh system in southern Louisiana. The microbial-scale results can be used to improve climate models that will help future CH4 emission policy and mitigation strategies. 
[bookmark: _Toc198546428][bookmark: _Toc198546854][bookmark: _Toc201840802]1.2 Background
[bookmark: _Toc198546429][bookmark: _Toc198546855][bookmark: _Toc201840803]1.2.1 Methane Cycle
Methanogens use a range of macromolecules from the breakdown of organic matter with the enzyme complex methyl-coenzyme M reductase (MCR) to produce CH4 (Luo et al., 2019; Wallenius et al., 2021; Bueno de Mesquita et al., 2023; Zhang et al., 2023). The mcrA gene encodes for the MCR alpha-subunit and is used as a functional marker to quantify the abundance of methanogenic Archaea (Keneally et al., 2024). Substrates used by methanogens include acetate, formate, molecular hydrogen (H2), or methylated compounds, with hydrogenotrophic methanogenesis being the most environmentally widespread (Wallenius et al., 2021). Research about methanogenesis has largely focused on hydrogenotrophic and acetoclastic pathways, but there is growing evidence that methylotrophic methanogenesis plays a larger role in biogenic CH4 production than previously thought (Bueno de Mesquita et al., 2023). Methylotrophic methanogens produce CH4 from methanol, methyl sulfides, and methylamines (Seyfferth et al., 2020). 
Conversely, methanotrophs oxidize CH4 under oxic and anoxic conditions (Danilova et al., 2016). Methanotrophs catalyze CH4 oxidation using two forms of the methane monooxygenase (MMO) enzyme, particulate MMO (pMMO) and soluble MMO (sMMO), with pMMO being the most ubiquitous (Danilova et al., 2016). Because the pmoA gene is linked with pMMO, it is generally used as a functional gene marker to identify and quantify methanotrophic abundance (Danilova et al., 2016). Methanotrophs were previously considered dependent on the availability of oxygen, but recent research has demonstrated that both bacterial and archaeal methanotrophs can use other electron acceptors to harness energy, including nitrite (NO2-), manganese (Mn), sulfate (SO42-), nitrate (NO3-), and iron (Fe) (Guerrero-Cruz et al., 2021). Some aerobic methanotrophs can also fix nitrogen and oxidize ammonium (NH4+) into NO2- (Danilova et al., 2016; Cui et al., 2022). 
Although there is a syntropic relationship among methanogens and methanotrophs, uncertainties remain about how these communities cycle CH4 under changing spatial and temporal conditions, as well as when competing for thermodynamically favorable substrates against other microbial communities that cycle nitrogen (N), Fe, and sulfur (S) (Table 1.1) (Wallenius et al., 2021; Wang et al., 2024). For example, because N is a necessary nutrient for methanogens, they gain it through competition for NO3- and NH4+, or by N2 fixation (Bodelier and Steenbergh, 2014), but denitrifiers can also outcompete methanogens and inhibit methanogenesis based on the availability the NO2- and NO3- (Bodelier and Steenbergh, 2014). Methanotrophy is also influenced by the presence of N (Bodelier and Steenbergh, 2014). Methane production can also be reduced if SO42- concentrations are high enough to support methane oxidation by anaerobic methanotrophic archaea and sulfate-reducing bacteria (Hartman et al., 2024). Methanotrophs can also use ferric iron (Fe3+) to oxidize CH4 (Ettwig et al., 2016). 
[bookmark: _Toc201840804]1.2.2 Methane Flux from Coastal Wetlands
Coastal wetlands or tidal salt marshes, where freshwater and saltwater meet, play a critical role in the global carbon (C) budget, as one of the largest reservoirs of soil C that captures 100–300 g C m−2 y−1 (Wen et al., 2019) and being one of the most important ecosystems for C sequestration and sources of natural CH4 and CO2 emissions (Hartman et al., 2024). Yet, global climate models generally do not consider these systems (Zhang et al., 2023). Part of the difficulty in modeling CH4 emissions from coastal marshes is that they are spatially and temporally complex systems. Temperature, pH, salinity, inundation water depth, nutrient concentrations, primary productivity, and sedimentation rates are highly variable across the landscape (Luo et al., 2019; Wallenius et al., 2021) and differentially influence the distribution and activity of

[bookmark: _Toc193916629][bookmark: _Toc197424468][bookmark: _Toc198545607][bookmark: _Toc198546721][bookmark: _Toc198546961][bookmark: _Toc201840207]Table 1.1. List of microbial reaction pathways and reactions associated with biogeochemical cycling in tidal marshes, based on a literature review (Al-Raei et al., 2009; Schoepfer et al., 2014; Upreti et al., 2021; Sulman et al., 2022; Wang et al., 2024). DOM = dissolved organic matter. 
	Microbial Reaction Pathway
	Reaction

	Fermentation
	DOM-C  CH3COO- + 0.33HCO3- + 0.67H+ + 1.3H2

	Aerobic Respiration
	DOM-C + O2  HCO3- + H+

	Sulfate Reduction
	CH3COO- + SO42-  HCO3- + HS-

	Acetoclastic Methanogenesis
	CH3COO- + H2O  CH4 + HCO3-

	Hydrogenotrophic Methanogenesis 
	H2 + HCO3- + H+  CH4 + 3H2O

	Methane Oxidation using O2
	CH4 + 2O2  HCO3- + H+ + H2O

	Methane Oxidation using NO3-
	5CH4 + 8NO3- + 8H+  5CO2 + 4N2 + 14H2

	Methane Oxidation using Fe3+
	CH4 + 8Fe3+ + 3H2O  HCO3- + 8Fe2+ + 9H+

	Methane Oxidation using SO42-
	CH4 + SO42-  HCO3- + HS- + H2O

	Fe (III) Reduction
	CH3COO- + 8Fe3+  2HCO3- + 8Fe2+ + 9H+

	Fe (II) Oxidation
	CH3COO- + 8Fe3+  H + Fe3+ +5H2O

	Nitrification
	2NH4+ + 4O2  2H2O + 4H+

	Denitrification
	CH3COO- + 2NO3- + H+  2HCO3- + N2O + H2O





microbial communities (i.e., methanogens, methanotrophs, sulfate-reducing bacteria, etc.) (Wen et al., 2019; Al-Haj and Fulweiler, 2020)
Methane emissions have been estimated using either “top-down” or “bottom-up” approaches (IEA, 2023). Top-down estimates are determined at a regional scale from measuring atmospheric CH4 with satellite sensors. These estimates are better suited for anthropogenic CH4 sources within controlled systems (IEA, 2022). Bottom-up estimates are derived from quantifying biotic and abiotic processes that result in CH4 production and then multiplying the results by the number or extent of operations or size of source (IEA, 2022). Despite significant advances in CH4 data collection and monitoring technology, top-down estimates are used more often because bottom-up measurements are more difficult to determine due to the complexity of microbial and plant community regulations and spatiotemporal variability in CH4 emissions (Yvon-Durocher et al., 2014; Saunois et al., 2016; Dean et al., 2018; Wang et al., 2024). Nevertheless, applying a bottom-up approach allows for a more robust understanding of CH4 cycling hotspots in the landscape and can improve climate models and mitigation strategies. 
Rivers, tides, wind, and waves shape the coastal landscape. The occurrence of coastal wetlands is defined by their relationship with mean sea level (MSL), where the water table is at or near the land surface and freshwater mixes with tidal seawater input. As such, one of the most significant threats to coastal wetlands is relative sea-level rise (RSLR). Rising seas can alter the rate and duration of inundation and salinity, which then influence vegetation growing in waterlogged soils and soil microbial communities that cycle C (Luo et al., 2019; Wen et al., 2019; Hartman et al., 2024). High salinity is typically accompanied by high sulfate concentrations that support sulfate reduction and competition against methanogens for substrates, like low molecular weight organic acids and H2 (Luo et al., 2019; Al-Haj and Fulweiler, 2020; Seyfferth et al., 2020). Under this scenario, higher salinity can lead to lower CH4 emissions. However, there is emerging evidence that the salinity and CH4 emission relationship is not straightforward (Koontz et al., 2024), as anoxic microenvironments in heterogenous marsh soils can provide optimal conditions for methanogenesis even at higher salinity (Bethke et al., 2011). Moreover, methylotrophic methanogens can produce CH4 when SO42- concentrations are high, thereby contradicting the narrative that SO42- mitigates CH4 production (Seyfferth et al., 2020). 
Another major threat to coastal wetlands that can impact CH4 emissions is land loss and landward water migration. Salt marshes are effectively landscapes that change from being C sinks to CH4 sources through time. To avoid permanent inundation, vertical accretion of organic matter within a marsh system, supported by mineral sediment input, must keep pace with RSLR (Törnqvist et al., 2020). Inundation cycles and tropical storm frequency can increase sediment deposition, as well as plant productivity and organic matter accretion (Jankowski et al., 2017). The changes in soil composition accompanied by increased sediment deposition can alter nutrient and substrate availability for methanogens, methanotrophs, and other microbial communities interconnected with net CH4 flux. Higher rates of organic C burial should contribute to higher CH4 emissions (Wallenius et al., 2021). However, coastal marshes in fluvio-deltaic systems that are separated from direct riverine inputs, like those in southern Louisiana, have reduced mineral sediment supply (Twilley et al., 2016). As more marsh is converted into open water through time due to RSLR, the remining marshland is impacted by subsidence and exposed to tidal, wind- and wave-induced erosion (Törnqvist et al., 2020). Under this scenario, land loss could lead to lower CH4 emissions. 
[bookmark: _Toc201840805][bookmark: _Toc198546431][bookmark: _Toc198546857]1.2.3 Coastal Wetlands of the Terrebonne-Timbalier Estuary, Louisiana, and CH4 Cycling 
Coastal wetlands located on the southeastern Gulf Coast of Louisiana cover an area of roughly 36,000 km2 and represent 40% of all wetlands in the United States (U.S.) (Bourne, 2000; Jankowski et al., 2017). Moreover, with the Mississippi River Delta (MRD) being the fourth largest drainage complex in the world, the Mississippi River is of national economic importance because it connects coastal Louisiana to about 41% of the lower 48 states (Twilley et al., 2016). The wetlands of the large Atchafalaya and Mississippi fluvio-deltaic systems have well-studied geological and sedimentological histories, and the MRD has been monitored since 1990 by the Coastal Reference Monitoring System (CRMS) as part of the Coastal Wetlands Planning, Protection, and Restoration Act (Steyer et al., 2003). As a result, the publicly available CRMS repository provides a log of decadal land change, vegetation, soil, and hydrology data.
The Terrebonne-Timbalier Estuary (TTE) is an abandoned MRD delta complex built as the Teche and Lafourche delta lobes (Figure 1.1). Sediments in the Teche deltaic lobe were deposited 3,500–2,800 years before present and those of the Lafourche lobe 1,000–300 years before present (Day et al., 2007). During that time, the Mississippi River was the primary source of freshwater, mineral sediment, and nutrients to the TTE (Day et al., 2007; Marton and Roberts, 2014). Today, the TTE is a shallow estuary characterized by inlets, bayous, and marshland. In general, TTE marsh inundation is diurnal, microtidal, and primarily wind-driven and the short- 
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[bookmark: _Toc202943522]Figure 1.1. Mississippi River Delta complexes over time, where BP = years before present. This map was modeled after an interpretation made by Day et al. (Day et al., 2007). 






and long-term effects can vary based on marshland elevation and frequency and duration of inundation (Wiseman and Kelly, 1994; Bianchi et al., 2009). Although there are no direct riverine inputs into the TTE, some Mississippi River freshwater reaches the estuary from the westward flow of the Louisiana Coastal Current (Wiseman et al., 1986; Wiseman and Kelly, 1994). The Gulf Intracoastal Waterway, Houma Navigation Channel, and regional land drainage also contribute some freshwater, but the levee systems have somewhat restricted freshwater input (Bianchi et al., 2009; Twilley et al., 2016) and the large channels have caused saltwater to migrate inland and establish a stronger salinity gradient than would have existed naturally (Bianchi et al., 2009). 
Changes in MRD wetland aerial distribution through time, and potential explanations for current land loss, are well known (Day et al., 2007). Statewide, roughly 4,900 km2 of coastal wetlands have become permanently inundated between 1932 and 2016, with another 15,000 km2 estimated to disappear in the next 50 years (Jankowski et al., 2017; Törnqvist et al., 2020). The region has some of the highest land loss rates in the world (12 ± 8 mm per year) due to sediment compaction caused by anthropogenic land modifications, such as leveeing, damming, and dredging (Bianchi et al., 2009; Jankowski et al., 2017), and land subsidence (Törnqvist et al., 2020). Specifically, river diversions have disconnected freshwater and sediment supplies, such that in only decades, diminished vertical mineral sediment and organic C accretion rates have not kept up with RSLR. This has led to reduced soil bulk density, faster erosion rates, and low nutrient availability (Day et al., 2007). Vegetation cannot grow at progressively higher salinity, with dead or dying roots also causing lower bulk soil density (Bianchi et al., 2009). As a consequence, MRD marshes are experiencing longer and more frequent periods of inundation and more intense wave-induced erosion (Bianchi et al., 2009). Prolonged periods of wind-driven tidal inundation can also last from days to weeks, which also floods marshes with higher salinity water that is harmful to vegetation (Baustian et al., 2021; He et al., 2023). Lastly, although tropical storms cause coastal erosion, they can also play an important role in offsetting lower sediment supplies by resuspending offshore sediments and organic matter and depositing them instantaneously onto marsh platforms (Day et al., 2007). The impacts of storm deposits on salt marsh soil microbial communities and changes to CH4 emissions have not been established. 
Consequently, the TTE is an ideal setting to study bottom-up processes and landscape controls associated with CH4 dynamics in coastal wetlands. Previous research has suggested that the age and organic matter quality and lability can affect the total flux of CH4 from salt marshes, such that CH4 flux was higher in newer marshes with lower soil C concentrations (He et al., 2023). Moreover, from several field studies and mesocosm experiments (Bueno de Mesquita et al., 2024; Koontz et al., 2024), higher salinity correlates to lower CH4 production because higher sulfate concentrations in saline water allow sulfate-reducers to outcompete methanogens for substrates and nutrients (Luo et al., 2019; Al-Haj and Fulweiler, 2020; Hartman et al., 2024; Koontz et al., 2024). These recent studies support the findings of Poffenbarger et al. (2011) who found that CH4 production is nearly eliminated at 8 mM sulfate and above 15 practical salinity units (PSU). However, other studies reveal that methylotrophic methanogens can ferment methylated compounds to produce CH4 under high concentration of sulfate, and more research suggests that CH4 production non-linearly responds to changes in salinity (Bueno de Mesquita et al., 2024), which may be due to differences in soil properties that would affect methanogenic activity (He et al., 2023; Koontz et al., 2024). Therefore, in the TTE, changes in land distribution caused by RSLR and erosion have the potential to alter the distribution and exposure of organic matter and soil of different ages and properties (e.g., total organic C content, dissolved nutrients like N, bulk density, and grain size distribution) that could influence variable CH4 production across the landscape. As such, the accelerated RSLR in the TTE provides an opportunity to evaluate the impact of the actively changing landscape controls on CH4 emissions.St. Bernard

[bookmark: _Toc198546432][bookmark: _Toc198546858][bookmark: _Toc201840806][bookmark: _Hlk188880223]1.3 Thesis Goals
The overarching goal of my thesis research was to evaluate present-day controls of coastal wetland CH4 emissions by characterizing soil microbial communities, habitat geochemistry, and soil properties from different locations within the TTE. Although there has been previous research on this topic (Luo et al., 2019; Zhang et al., 2021; Keneally et al., 2024), there is a lack of data in coastal deltaic regions, such as in Louisiana (He et al., 2023). My research was done as part of a larger collaborative project, Coastal Landscape Investigations about Methane (CLIM), led by interdisciplinary scientists from University of Tennessee, Knoxville (UTK), Old Dominion University (ODU) (formerly from the University of Kentucky, UKY), Louisiana Universities Marine Consortium (LUMCON), Louisiana State University, and Rowan University. The CLIM project aims to create a more comprehensive inventory of CH4 hotspots from microbial-to-landscape scales. The clarity gained from connecting microbial, geochemical, and sedimentological processes in TTE coastal wetlands will be used to improve models that can predict future CH4 emissions from a changing landscape caused by land loss due to RSLR and subsidence. With this information, the CLIM team hopes to improve upon society’s understanding of CH4 emissions and feedback processes from natural coastal wetlands. 
[bookmark: _Toc198546433][bookmark: _Toc198546859][bookmark: _Toc201840807]1.4 Thesis Questions, Hypotheses, and Objectives 
My thesis aims to answer the following questions: 
· What is the microbial community composition from TTE soil core profiles?
· What are the relationships among the relative and absolute abundances of soil microbial community members and habitat geochemical and soil properties (e.g., organic C, grain size, bulk density)?
· How do geochemical and soil properties correspond to the relative and absolute abundances of putative methanogens?
· How do porewater CH4 concentrations correlate to relative abundances of putative methanogens and substrate competitors, such as methane-oxidizers and sulfate-reducers?
· Do the abundances of different putative methanogenic groups vary in soil samples with high levels of porewater sulfate?

The following hypotheses were tested: 
H1) Sulfate and porewater CH4 concentrations will follow the previously observed paradigm that porewater CH4 concentrations increase when porewater sulfate concentrations decrease. 
H2) Methanogenic populations will have higher biomass and relative abundances from soils with higher soil organic C content and lower bulk density. 
H3) Methylotrophic methanogenesis will allow for CH4 production to persist in areas with high sulfate concentrations or otherwise non-ideal conditions for other methanogenic pathways. 

There were five main objectives for this research: 
1) From soil cores, characterize the microbial diversity by using 16S rRNA gene surveys at different core depths and across spatial scales and geochemical gradients.
2) Analyze the absolute abundances of Archaea, Bacteria, and putative methanogens using quantitative PCR. 
3) Evaluate the relationships among microbial communities, soil composition (e.g., bulk density, grain size, inorganic and organic C content), porewater composition (i.e., dissolved inorganic and organic C content, ion concentrations, pH, salinity), and dissolved gas concentrations. 
4) Compare spatial inventories of porewater CH4 to microbial community diversity associated with the CH4 cycle to establish the environmental conditions of CH4 hotspots. 
5) Determine whether there is a role for methylotrophic methanogenesis in TTE porewater CH4 concentrations. 

[bookmark: _Toc198546434][bookmark: _Toc198546860]

[bookmark: _Toc201840808]SECTION 2. MATERIALS AND METHODS
[bookmark: _Toc198546435][bookmark: _Toc198546861][bookmark: _Toc201840809]2.1 Soil Collection from Wardenaar Peat Cores
Field campaigns in the TTE were conducted in July 2023 and May-June 2024 by CLIM team members from UTK, UKY/ODU, and LUMCON. This thesis focuses on 2023 samples only. Locations were selected along a natural salinity gradient that covered 40 km of coastline (Figure 2.1). Each location was dominated by Spartina alterniflora, although minor other vegetation was noted. To overcome sampling challenges due to thick, fibrous roots and water-saturated soils, and to obtain sufficient soil and soil water materials for a wide range of in-depth geochemical and sedimentological analyses, a Wardenaar Peat Profile Sampler (Eijkelkamp North America, Wilmington, NC) was used to extract intact soil monoliths up to 1 m depth. 
Wardenaar coring devices (Figure 2.2) are hollow, rectangular boxes made of stainless steel (Wardenaar, 1987) that cause minimal disturbance to both the soil sample and the marsh. The very sharp cutting edges at the base of the sampler are vertically inserted into the marsh by a single person, then pushed further into the ground by alternating the hinged handgrip position from side to side until the corer reaches the full depth. A small tube reduces suction by introducing airflow. A clamp mechanism grips the sample to the device as the soil profile is extracted to reduce sloughing. All cores were extracted by UKY/ODU at least 10 m away from the marsh edges to avoid edge effects caused by erosion or heterogeneous deposition. Extracted cores were photographed in the field then immediately divided vertically into two halves (Figure 2.3). One half was separated by UKY/ODU for physical soil characterization and radiochemistry into 1-cm increments to 50 cm depth, then 2-cm increments to 1 m depth (Figure 2.3).
The cores provided sufficient material for coordinating physiochemistry (e.g., porewater specific conductance) and soil properties (e.g., grain size percentages, water fraction, bulk density, organic C content), as well as radiochemical and isotopic analyses (results not included in this thesis) that originated from the same depth increments. Belowground plant biomass properties, soil C and N content, and microbial community characterization were also determined from soil samples. Porewater extraction was done from soil increments using Rhizons (Seeberg-Elverfeldt et al., 2005), from which total C and N content, and anion and cation concentrations were measured. Porewater CH4 concentrations were measured from soil plugs. Each method was modified to use the smallest sample volumes necessary, ranging from a few grams of soil to a few milliliters of porewater. Detailed descriptions for each of the methods are provided below. 
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[bookmark: _Toc197424470][bookmark: _Toc198547240][bookmark: _Toc202943523]Figure 2.1. Map of sample locations in Terrebonne-Timbalier Estuary. The base map uses Esri, DeLorme, HERE, MapmyIndia data, and was plotted using ArcGIS Online.
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[bookmark: _Toc193782696][bookmark: _Toc193962525][bookmark: _Toc197424471][bookmark: _Toc202943524]Figure 2.2. A photograph immediately following core extraction using the Wardenaar Peat Profile Sampler. 

	
2


[image: A close-up of a stone

AI-generated content may be incorrect.]Porewater & Molecular
Sedimentology


[bookmark: _Toc197424472][bookmark: _Toc202943525]Figure 2.3. Cores were split in half for soil analyses and separate porewater and microbial characterization, which amounted to 26 different and coordinating analyses from each depth increment. For soil analyses, cores were sectioned every 1 cm until 50-cm depth, then every 2 cm up to 90+-cm depth. For porewater and microbial analyses, cores were sectioned every 2 cm up to 50-cm depth, then every 4 cm up to 90+-cm depth.



[bookmark: _Toc189203713]The second half of the core was used by UTK to measure soil porewater specific conductance and temperature using a Spectrum FieldScout Direct Soil EC meter and probe (Spectrum Technologies, Inc., Aurora, IL) at 2-cm increments up to 50-cm depth then at 4-cm increments for the remainder of the core. Soil plugs (from 1 to 3 cm3) were collected for porewater CH4 analyses (described below) using syringes. Approximately half of each depth increment was placed into a sterile Whirl-Pak bag for porewater extraction (described below). Microbial samples for DNA extraction and archives were divided into separate Whirl-Pak bags then placed on ice or dry ice in the field and stored at -80°C until they were analyzed at UTK. 
[bookmark: _Toc198546436][bookmark: _Toc198546862][bookmark: _Toc201840810]2.2 Soil pH Measurements
Soil pH was measured at UTK using a modified version of the U.S. EPA Method 9045D from soil with a total volume of <20% water (EPA, 2004). Marsh soil was divided into 5-g aliquots and dried at 50 oC for 24 to 48 hours until completely dried. Rehydration to a 1:2 soil to water mix was calculated from dry weights. Sterile, reagent grade deionized and distilled water (ddH2O) was added to dried soil and homogenized. After homogenization, the mixture was centrifuged at 10,000 x g for 2 minutes to create headspace for the pH probe. To more closely match field conditions, the temperatures of the samples were brought to 29 oC (the average temperature for all cores, as measured by the FieldScout Direct Soil EC meter and probe) by placing tubes in a hot water bath for 10 minutes. Measurements of pH and temperature were done by using a benchtop pH meter (Denver Instrument, UB-20). 
[bookmark: _Toc198546437][bookmark: _Toc198546863][bookmark: _Toc201840811]2.3 Soil Characterization
In the field, 1-mL bulk density plugs were taken with open-barrel plastic syringes from every depth increment and placed in Whirl-Pak bags and stored on ice until they could be stored at 4 °C until analyses. The average grain size distribution, as the percentages of sand (63-2,000 µm), silt (4-63 µm), and clay (<4 µm), were determined from triplicate analyses of 1- to 3-g aliquots. Soil samples were placed into 250 mL beakers for disaggregation using 10 mL sodium hexametaphosphate, and organic matter was removed by adding 5 mL at a time of H2O2 heated to 100 °C until no reaction. Samples were transferred to 50 mL centrifuge tubes with deionized (DI) water and centrifuged at 3,500 rpm for 10 minutes. Three repeat cycles of rinsing by centrifugation were generally needed to remove all H2O2. Grain sizes were analyzed using a Malvern Mastersizer 3000+ optical particle size sorter (Malvern, England) equipped with a Hydro EV unit and having a measurable range of 0.02 to 3,500 µm. 
Bulk density was calculated from 1-cm3 samples that were weighed wet, then dried and weighed again, by using the equation (Blum, 1997): 

Water fraction was calculated by wet and dry weights, by using the following equation (Blum, 1997):

[bookmark: _Toc198546438][bookmark: _Toc198546864][bookmark: _Toc201840812]2.4 Soil Porewater CH4 Analyses
In the field, 1- to 3-cm3 soil plugs were collected from every depth increment using open-barrel plastic syringes to transfer samples from the core to a 20-mL serum bottle pre-filled with 3 mL of 2M sodium hydroxide to preserve the samples. Serum bottles were topped with butyl rubber stoppers and Al crimp-seals in the field. To measure porewater CH4, headspace in the serum bottle was measured using gas chromatography (SRI 310C Gas Chromatograph, Torrance, CA) equipped with a flame ionization detector (FID) with methanizer. 
[bookmark: _Toc198546439][bookmark: _Toc198546865][bookmark: _Toc201840813]2.5 Soil Porewater Collection and Analyses
Porewater extractions were started in the field by making a small incision into each Whirl-Pak bag then inserting a 10-cm long Rhizon (MOM 19.21.21 type) soil moisture sampler (Rhizosphere Research Product, Wageningen, The Netherlands) (Seeberg-Elverfeldt et al., 2005) (Figure 2.4). The Rhizon samplers had a 0.15 mm-pore size membrane, were reinforced with glass fiber wires, and had 12-cm PVC/PE tubing with male luer fittings. For each soil depth, a needle was attached to the Rhizon sampler tubing and then inserted into an untreated, sterile 6-ml Greiner Bio-One Vacuette® liquid collection tube (Greiner Bio-One North America Inc., Monroe, NC). Fresh tubes were swapped through time to obtain a total of at least 12 ml of fluid from each depth, which would take from less than an hour to over 24 hours, depending on soil moisture. 
Porewater was divided for separate LUMCON and UTK analyses from filtered porewater using 25-mm 0.2-µm PES filters (LUMCON) or 13-mm 0.2-µm PTFE syringe filters (UTK). After filtration, water samples to measure chloride and sulfate were preserved with concentrated nitric acid (10 l acid/1 mL) prior to analysis by ion chromatography using a Dionex ICS-1000 with an AS9 analytical column. Samples for NH4+ were immediately preserved after filtration 
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[bookmark: _Toc197424473][bookmark: _Toc202943526]Figure 2.4. Porewater extraction from soil in a Whirl-Pak bag with an attached Rhizon, needle, and Vacuette vial after samples were transported from the field to the laboratory.




with a zinc acetate solution for colorimetric measurements (Solórzano, 1969). Water samples to measure NOx concentrations were immediately preserved with zinc chloride, and a chemical reduction of nitrate to nitrite was performed (Schnetger and Lehners, 2014).
Analyses performed by UTK included preserving up to 2 mL of each filtered porewater sample with nitric acid prior to cation (sodium, ammonium, potassium, magnesium, and calcium) measurements by ion chromatography using a Thermo Dionex ICS-2100 with CS16 analytical column. Samples for dissolved inorganic carbon (DIC) were acidified with 10% (v/v) phosphoric acid. Non-purgeable organic carbon (NPOC) and total nitrogen (TN) were measured with a Shimadzu TOC-L and TNM-L, respectively. The TOC-L analyzer combusted samples at 680 °C using a catalytic oxidation method. To deal with the high salt content, the TOC-L analyzer was equipped with an automatic dilution function to reduce salinity for prolonged function of catalysts and combustion tubes. To measure TN, a Shimadzu TNM-L combusted samples at 720 °C using catalytic thermal decomposition methods that did not interfere with metallic ions or bromine present in water samples.
2.6 Nucleic Acids Extraction and 16S rRNA Gene Sequencing
To characterize soil microbial diversity, 16S rRNA gene sequences were obtained from DNA. DNA extractions were every 10 cm apart until 50 cm depth and then every 20 cm apart until 90 cm depth, for a total of eight increments per core. Total nucleic acid extractions were done following a modified approach outlined in the literature (Somerville et al., 1989; Zhou et al., 1996; Mitchell and Takacs-Vesbach, 2008). Briefly, 5-g aliquots of soil were incubated in a sucrose lysis buffer with lysozyme (1 mg/ml) for 60 to 90 minutes in a 37°C water bath, followed by the addition of 1.5 mL of a Proteinase K/CTAB/SDS solution prior to incubating at 55°C for 16 hours. After incubation, unreacted cell debris and humic materials were removed from the solution by centrifugation at 1,000 x g and 10°C for one minute, and 3 mL of the supernatant was transferred to 5-mL microcentrifuge tubes containing 1.5 µL of 10 M ammonium acetate for protein precipitation. There was one control that was subjected to the same protocol for each round of DNA extractions, where the 3 mL of supernatant was replaced with sterilized Milli-Q water. The solution was centrifuged for 5 minutes at 10,000 x g before 2 mL of the supernatant was added to a new 5-mL microcentrifuge tube containing 1.5 mL isopropanol. The solutions were gently mixed by inversion and stored at -20°C for 24 hours for DNA precipitation. To remove the isopropanol solution after DNA precipitation, tubes were
centrifuged at 10,000 x g for 10 minutes then decanted to leave only the pellet. Pellets were washed twice with 1 mL of 100% ethanol and dried for 1 to 2 hours, then resuspended in 200 μL of Tris-EDTA buffer and stored at -20°C until use. 
Each extraction was cleaned with a QIAGEN DNeasy PowerClean Kit (Hilden, Germany) using manufacturer instructions with modified volumes to reduce the amount of sample needed. DNA concentrations (ng/L) were estimated using a NanoDrop UV-Vis Spectrophotometer. Cleaned duplicate extractions for each depth were sent to Molecular Research LP (MrDNA, Shallowater, Texas) for sequencing of the V4 region of the 16S rRNA gene sequence using pair-end Illumina MiSeq sequencing and 515F (5’-GTGYCAGCMGCCGCGGTAA-3’) (Parada et al., 2016) and 806RB (5’-GGACTACNVGGGTWTCTAAT-3’) (Apprill et al., 2015) primers optimized to capture more target groups within the bacterial and archaeal domains (Walters et al., 2016). 
2.7 Sequence Processing and Analysis 
Samples were multiplexed, pooled together, and purified using calibrated Ampure XP beads in to prepare an Illumina DNA library. After demultiplexing and removal of barcodes and primers from the sequence reads using the MrDNA FASTQ processor software, the forward and reverse reads were merged using the MOTHUR (V.1.48.2) pipeline (Schloss et al., 2009), following the MiSeq standard operating procedure and the make.contigs command. The rename.file command was used to rename the files. For easier tracking, summary.seqs was run after each command to review changes to the output files. The make.count command converted the FASTA files to a count file. Using the count file, the screeen.seqs command removed ambiguous reads and overlapping regions, and sequences that did not assemble or were the incorrect length were removed. The unique.seqs command merged any duplicate sequences. The pcr.seqs command created a customized database for the region of interest and start and end positions of the sequences were specified at 14000 – 23000 for trimming, then the sequences were aligned to the SILVA (version.138.2) reference database (Quast et al., 2013) using the align.seqs command. After alignment, any bases that did not overlap within the target region were removed, screen.seqs was run, then overhangs in sequences were removed with filter.seqs. The pre.cluster command denoised the sequences, allowing up to two differences between base pairs. Chimera were removed using the chimera.vsearch and remove.seqs commands. Taxonomy based on the SILVA reference was assigned using classify.seqs. Reads that were classified as chloroplasts, mitochondria, and Eukaryota were removed with the remove.lineage command. 
The MOTHUR MiSeq pipeline was also followed to assign operational taxonomic units (OTUs) based on pairwise distances between aligned sequences using the SILVA reference file and a 0.03 cutoff (97% sequence identity) with the dist.seqs and cluster commands. The number of sequences in each OTU was calculated with the make.shared command, and taxonomy was assigned using the classify.otu command. OTUs were used to calculate diversity indices with MOTHUR. The Simpson’s Index (D) was used to determine species evenness and Shannon diversity index (H’) was used to determine species richness (Schloss et al., 2009). OTUs specific to Archaea and putative methanogenic lineages were each extracted from the total OTU dataset using the get.lineage command. If a taxonomic class and order had a total relative abundance >1%, then putative metabolism was conservatively assigned based on literature review and cross-referenced in the National Center for Biotechnology Information (NCBI) database. 
[bookmark: _Toc201840815]2.8 Sequence Data Submission 
Raw sequence files for each sample were submitted to the NCBI Sequence Read Archive under the BioProject PRJNA1285862, http://www.ncbi.nlm.nih.gov/bioproject/1285862.
[bookmark: _Toc201840816]2.9 Gene Quantification using qPCR 
The total abundances of 16S rRNA genes for Bacteria and Archaea were determined, as well as of the mcrA and pmoA functional genes for putative methanogens and methanotrophs, respectively, were determined by real-time or quantitative PCR (qPCR) using a BioRad CFX96 Real-Time system (BioRad, Hercules, CA). Bacteria 16S rRNA gene copies were detected using the primer pair of 515F (5’-GTGYCAGCMGCCGCGGTAA-3’) (Parada et al., 2016) and 806RB (5’-GGACTACNVGGGTWTCTAAT-3’) (Apprill et al., 2015), which matched the sequencing primers. Archaea 16S rRNA gene copies were detected using the primer pair of ARC915F (AGGAATTGGCGGGGGAGCAC) and ARC1059F (GCCATGCACCWCCTCT) (Yu et al., 2005). The primer pair used to measure the copies of the mcrA gene was ML-F(mcrA) (GGTGGTGTM GGATTCACACARTAYGCWACAGC) and MF-R(mcrA) (TTCATTGCRTAGTTWGGRTAGTT) (Luton et al., 2002) and of the pmoA gene was A189F (GGNGACTGGGACTTCTGG) and mb661R (CCGGMCGAACGTCYTTACC). 
Reactions for qPCR were done in 96-well plates. Each reaction was comprised of 5 μL iTAQ Universal SYBR® Green Supermix (BioRad, Hercules, CA), 0.15 μL 20 mg mL−1 bovine serum albumin (BSA), 0.25 μL 20 μM of each primer, 3.85 μL sterilized Milli-Q water, and 0.5 μL DNA template, modified from Han et al. (2023). Thermal cycler conditions for each gene are described in Table 2.1. Each 96-well plate was run with triplicates of the respective gene standard dilution series, a negative control, and triplicates of each sample.
To create corresponding standard curves for each gene target, a 1:100 mixture of each standard and sterilized Milli-Q water was used to make serial dilutions that ranged from 102 to 108 gene copies μL-1 for Bacteria, 103 to 108 gene copies μL-1 for Archaea, and 104 to 108 gene copies μL-1 for mcrA. Following the Minimum Information for Publication of Quantitative Real-Time PCR Experiments (MIQE) guidelines (Bustin et al., 2009), the standards for Bacteria, Archaea, mcrA, and pmoA were each artificially synthetized as double-stranded gBlocks® gene fragments in 500 ng quantities by IDT (Integrated DNA Technologies, Inc., Coralville, IA). The “universal” Bacteria 16S rRNA, mcrA, and pmoA gene standards were designed from E. coli, Methanococcus spp., and Methylococcus capsulatus sequences, respectively, and used by Han et al. (2023). The Archaea 16S rRNA gene standard was designed from Nitrosopumilus maritimus (Watanabe et al., 2004). The standard curve of each had an R2 value of 0.95 or greater. The extraction efficiency values were 99%, 69%, 62%, and 105% for Bacteria, Archaea, mcrA, and pmoA, respectively. 
Gene copies per μL for each standard were calculated using the equation below,  

To correct for gene multiplicity and provide a more accurate representation of 16S rRNA, mcrA, and pmoA gene total abundances, total copy numbers of each were divided by an average number of gene copies per genome. Gene copy numbers of the 16S rRNA gene can vary from 3 to 24 copies per genome for Bacteria and Archaea based on phylogeny and lifestyle (Lauro et al., 2009; Buongiorno et al., 2017). To account for multiple copies of 16S rRNA gene copies per cell, the gene copy numbers for Bacteria and Archaea were divided by 4 (Zarraz et al., 2009). There are 1–2 copies of pmoA (Chiri et al., 2020) and mcrA (Marques et al., 2020) genes per genome. The number of copies per genome for both mcrA and pmoA was set at 1.5.
[bookmark: _Toc201840817]2.10 Statistical Analyses
Environmental and microbial sequence data were processed in R (R Core Team, 2021). All microbial data were normalized by dividing individual sample observations by the maximum 
[bookmark: _Toc201840208]Table 2.1. Thermal cycler conditions for qPCR gene quantifications. 
	
	16S rRNA gene Bacteria
	16S rRNA gene Archaea
	mcrA
	pmoA

	Stage 1: 1 cycle (denaturation)

	2 min (95°C)

	
	95°C (40 sec)

	95°C (40 sec)

	95°C (45 sec)

	95°C (45 sec)


	Stage 2: 40 cycles (amplification)
	53°C (40 sec)

	60°C (30 sec)

	50°C (45 sec)

	56°C (45 sec)


	
	72°C (60 sec)
	72°C (30 sec)
	72°C (45 sec)
	72°C (45 sec)

	Step 3: 1 cycle (melting curve)
	95°C (15 sec)
	
	95°C (15 sec)
	95°C (15 sec)

	
	60°C (15 sec)
	72°C (5 min)
	50°C (15 sec)
	60°C (15 sec)

	
	95°C (15 sec)
	
	95°C (15 sec)
	95°C (15 sec)

	Stage 4: cooling
	4°C
	4°C
	4°C
	4°C



[bookmark: _Toc198546440][bookmark: _Toc198546866]

[bookmark: _Toc198546441][bookmark: _Toc198546867][bookmark: _Toc201840818]value of the dataset to create a scale between 0 and 1. To correct measurements that were missed or outside of detection limits, a constant value of 1 was added to each data field before log transformation in R using the ‘log’ function. Significance, strengths, and directions of relationships between environmental variables were determined by R2 values in Excel and with Spearman’s significance (p-value) and correlation coefficients (ρ) using the ‘cor()’ function in R and the statistical significance level (alpha) was set at 0.05. Spearman’s Rank Correlations were also used to determine significant relationships between environmental data and both D and H’ values. Single and segmented linear regression analyses were done in Excel to establish the significance of relationships between environmental covariates using R2 values. A canonical correspondence analysis (CCA) of normalized relative abundances for the top 20 methanogenic archaeal OTUs and major environmental parameters was used to further assess significant environmental drivers of putative methanogen presence. Prior to plotting the CCA, the ‘ordistep()’ function was used in R for stepwise model selection with the default settings for direction and permutations to evaluate significant environmental correlations for the top 20 putative archaeal methanogenic OTUs (R Core Team, 2021).


SECTION 3. RESULTS
[bookmark: _Toc198546442][bookmark: _Toc198546868][bookmark: _Toc201840819]3.1 Soil Characteristics and Porewater Geochemistry
One goal of this study was to understand how geochemical and sedimentological properties correspond with microbial community compositions throughout soil profiles in the TTE. Geochemical and sedimentological properties can affect redox conditions and substrate availability for soil microbial communities that dictate C cycling in marsh sediments. The soil cores from each marsh location were dominated by silt-sized grains, followed by clay (Figure 3.1, Table A.1). Bulk density ranged from 0.10 to 1.45 g cm-3 for all sites and depths and had a mean of 0.39 g cm-3 (Figure 3.1). The maximum sand contribution was 36%, except for soil at the northernmost site, TTE.23.M5, which had higher percentages of sand and a maximum of 62% at 10 cm depth. Organic C content ranged from 0.91% to 32.5% (Table A.1) and concentrations significantly decreased with depth, although the significance was not strong based on a Spearman’s Rank Correlation analysis (ρ = -0.159, p-value = <0.07). Organic C content was not significantly correlated with site location (p-value = 0.52). 
Salinity plays a vital role in C cycling in brackish marshes because increased salinity and extended periods of inundation can influence the rate of organic C mineralization and decrease oxygen availability (Luo et al., 2019). Previous studies have observed the influence of salinity on marsh soil microbial community composition (Zhang et al., 2019; Liu et al., 2022; Capooci et al., 2024), but we only found one study observing depths down to 1 m (Xu et al., 2021). Soil porewater Cl- concentrations were used to estimate salinity by multiplying the ppt concentration by 1.80665. Salinity at each location significantly differed from the other locations (p-value = <0.001) and reflected the natural salinity gradient from south to north (Table A.1). The southernmost locations, TTE.23.M1 and TTE.23.M2, had generally the highest average Cl- concentrations, around 450–460 mM (corresponding to about 29 PSU), and the westernmost and northern location TTE.23.L1 had the lowest average Cl- concentration, at 210 mM (corresponding to about 13 PSU) (Figure 3.2, Table A.2). Concentrations of SO42- increased with salinity, and the southernmost locations had the highest concentrations (Table A.3), which were positively correlated with Cl- (ρ = 0.48, p-value = <0.0001). Overall, SO42- porewater concentrations ranged from 390 to 38,380 µM and were significantly and negatively correlated with depth (ρ = -0.70, p-value = <0.0001) (Table A.3). 
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[bookmark: _Toc197424476][bookmark: _Toc202943527]Figure 3.1. Grain size percentage distributions and bulk density (g cm-3) for each soil profile at each marsh location.
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[image: ][image: ]  [bookmark: _Toc197424477][bookmark: _Toc202943528]Figure 3.1, continued. Grain size percentage distributions and bulk density (g cm-3) for each soil profile at each marsh location.
[bookmark: _Toc197424478]Figure 3.1. Continued.  
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[bookmark: _Toc197424483][bookmark: _Toc202943529][bookmark: _Hlk199542985]Figure 3.2. Porewater geochemistry from each marsh location. The legend is in the order of least saline (L1) to most saline (M1) location, plotted on the basemap (legend at far right).
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High levels of SO42- that are associated with saline water can suppress CH4 production (Koontz et al., 2024). However, previous studies have emphasized the need for co-located measurements of porewater CH4 along salinity gradients to better understand drivers of CH4 production on a broader scale (Al-Haj and Fulweiler, 2020). Porewater CH4 ranged from between 2.8 μM and 3,109.4 μM (Table A.2). One question this study aimed to answer was what relationship exists between porewater sulfate and CH4 concentrations from the marsh soils. Based on prior work, it was hypothesized that porewater CH4 would be negatively correlated with porewater SO42-, and Spearman’s Rank Correlation supported the hypothesis because porewater CH4 had strong and significantly negative correlations with Cl- (ρ = -0.57, p-value = <0.0001) and a positive correlation with depth (ρ = 0.56, p-value = <0.0001). Previously, based on measured SO42- and CH4 porewater concentrations from a number of different coastal settings, an inflection point was recognized when CH4 concentrations remain relatively high when porewater SO42- availability is limited, but there is a sharp decline in CH4 concentrations as SO42- concentrations exceed 10 mM (Koontz et al., 2024). A segmented linear regression from the TTE dataset revealed an inflection at 11 mM (Figure 3.3A). Compared to the single linear regression for the whole dataset (R2 = 0.57), a segmented linear regression had stronger explanatory power after the inflection (R2 = 0.65), which emphasizes that the relationship between SO42- and CH4 is non-linear.
Microbial community composition is directly related to pH level in all environments, as individual microorganisms have pH ranges in which they function optimally. Broadly, soil porewater had similar geochemical patterns for pH, which ranged from 5.77 to 7.26, (Figure 3.2, Table A.2). The more saline sites had the lowest pH values at the surface but were more variable down-core, although not by more than 0.5 log units. Temperature, which ranged from 27.1 to 31.4˚C, generally decreased down-core. According to Spearman’s Rank Correlation, pH and temperature significantly and negatively correlated with depth (p-value = <0.001) (Figure 3.2). 
Measurements of porewater NPOC and TN concentrations can be used as indicators of C cycling, including CH4 production, as NPOC and TN are essential for many microbial metabolic processes. Additionally, the presence of reactive N species could interact with the relationship of SO42- and CH4, as species like nitrite and nitrate serve as electron acceptors that can catalyze CH4 oxidation (Koontz et al., 2024). NPOC concentrations ranged from 8.4 to 74.9 mg C L-1 (Table A.2) and were not significantly correlated to site location or depth. NPOC concentrations at the 
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[bookmark: _Toc197424484][bookmark: _Toc202943530]Figure 3.3. (A) Porewater methane and sulfate (SO42-) concentrations and (B) porewater methane and non-purgeable organic carbon (NPOC) concentrations. The legend is in the order of least saline (L1) to most saline (M1) core location, plotted on the basemap (legend at far right).




northern locations were generally higher than southern locations. Based on Spearman’s Rank Correlation, porewater CH4 significantly and positively correlated with NPOC (ρ = 0.23, p-value = 0.002), although explanatory power was not strong (R2 = 0.57) (Figure 3.3B).
Nitrogen plays an important role in microbial processes that affect CH4 (Wang et al., 2022). For example, some methanotrophs are capable of CH4-dependent atmospheric N fixation that produce NH4+, which can increase plant productivity that supports higher rates of methanogenesis (Koontz et al., 2024). Concentrations of TN ranged from 0.04 to 2.34 mg N L-1 (Table A.2) and significantly and positively correlated with depth (ρ = 0.79, p-value = < 0.0001). TN also negatively correlated with Cl- (ρ = -0.35, p-value = < 0.0001) and positively correlated with porewater CH4 (ρ = 0.61, p-value = < 0.0001). There were significant relationships between NH4+ concentration (Table A.3) and depth (ρ = 0.82), Cl- (ρ = -0.33), SO42- (ρ = -0.76), and CH4 (ρ = 0.57) concentrations, each having a Spearman’s p-value of <0.001. From half of the locations (TTE.23.L1, TTE.23.M4, TTE.23.M5), there was a shift at around 50 to 70 cm depth where NH4+ concentrations either stabilized or decreased (Table A.3). Additionally, tidal marshes produce nitrogen oxides (NOx), reduced nitrate plus nitrite, which can be used to determine the concentrations nitrite through the reduction of nitrate (Schnetger and Lehners, 2014). Measured porewater NOx values ranged from 1.0 to 59.0 μM (Table A.2) and were negatively correlated to porewater CH4 concentrations (ρ = -0.13, p-value = 0.05). 
Microorganisms utilize base cations to maintain their cellular structure and function, as nutrition, and as catalysts to carry out their metabolic processes (Sriwiriyarat and Kuhakaew, 2021). Therefore, porewater concentrations of cations can influence the composition and activity of microbial communities. Concentrations of K+ ranged from 0.012 – 0.006 mol L-1, Mg2+ from 0.018 – 0.074 mol L-1, and Ca2+ from 0.005 – 0.015 mol L-1, with higher concentrations near the surface that uniformly decreased with depth. Each also significantly and negatively correlated with depth based on Spearman’s Rank Correlation (Table A.3). There were strongly significant correlations among salinity and cation concentrations, as well as negatively with CH4, each with a p-value of <0.00001.
The concentration of porewater acetate (CH3COO⁻) is an important substrate for methanogenesis and sulfate reduction. Porewater CH3COO⁻ ranged from 9.8 – 219.9 µM (Figure 3.4A, Table A2). After removing two high-concentration outliers (from depths TTE.23.L1.20 and TTE.23.M4.20), then the concentration range was 9.8 – 49.8 µM. Porewater CH3COO⁻ also 














	




[bookmark: _Toc202943531]Figure 3.4. (A) Porewater acetate (CH₃COO⁻) concentrations at each marsh location by depth, and (B) porewater methane and CH3COO⁻ concentrations. The legend is in the order of least saline (L1) to most saline (M1) core location, plotted on the basemap.


generally correlated with porewater CH4 concentrations (p-value = 0.001) (Figure 3.4B). A Spearman’s Rank Correlation also showed porewater concentrations of CH3COO⁻ were negatively correlated with salinity (ρ = -0.41, p-value = 0.003). The dominant vegetation of the sampled marshes, Spartina alterniflora, increases porewater CH3COO⁻ concentrations and its root surfaces are generally associated with a high abundance of sulfate-reducing bacteria (Tong et al., 2018). Although there was not a significant correlation between porewater CH3COO⁻ and depth, or between CH3COO⁻ and SO42-, variable rooting zones were observed in several cores, from about 20 to 30 cm depth, that could have influenced CH3COO⁻ variability with depth (Figure 3.4A).
[bookmark: _Toc201840820]3.2 Microbial Diversity 
[bookmark: _Toc201840821]3.2.1 Taxonomic Overview 
Eight depth intervals per core were selected to evaluate microbial diversity from the marsh soils in the TTE. From the 28 samples, a total of 4,893,395 curated and classified bacterial and archaeal 16S rRNA gene sequence reads were retrieved (Figure 3.5). From all depths and cores, Bacteria represented an average of 91.2% of the total reads compared to an average of 8.8% for archaeal reads. Overall, the trend was for lower relative abundances for Archaea at the surface of all cores and higher relative abundances from 40 to 70 cm depth. The highest average relative abundance for Archaea was 22%. The relative abundance of Archaea significantly correlated with depth (p-value = 0.002) and porewater CH4 (p-value = 0.02), but not with sample site or Cl-. 
[bookmark: _Toc201840822]3.2.2 Diversity Indices
The Simpson’s Index (D) and Shannon Diversity (H’) alpha-diversity indices were calculated from OTUs classified at the order level (Table 3.1). The D index ranges from 0 to 1, whereby a value closer to 0 means the more diverse the community and a value closer to 1 indicates dominance of few groups (Bo-Ra et al., 2017). The TTE soil communities D values ranged from 0.001 to 0.016, indicating highly diverse communities (Figure 3.6A). This was also reflected in the H’ values, with higher numbers suggesting greater diversity and an even distribution of OTUs within a community. Values ranged from 6.63 to 8.62 and generally decreased with depth at all locations (Figure 3.6B). When compared to environmental data using Spearman’s Rank Correlation, D values significantly correlated with bulk density (p-value = 0.097), but H’ values did not. Salinity significantly and positively correlated with D and H’ values (p-values = 0.03 and 0.012, respectively), which suggests high diversity from more southern locations.
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[bookmark: _Toc197424485][bookmark: _Toc202943532]Figure 3.5. Relative abundances of 16S rRNA gene reads assigned to the domains Archaea and Bacteria.
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[bookmark: _Toc197424488][bookmark: _Toc202943533]Figure 3.6. (A) Simpson’s Index values from all locations grouped by core depth. (B) Shannon Index values from all sample locations grouped by core depths.

	Sample ID
	Simpson
	Shannon Diversity
	
	Sample ID
	Simpson
	Shannon Diversity

	M1.WD.02
	0.002
	8.16
	
	M4.WD.02
	0.006
	7.60

	M1.WD.10
	0.002
	8.06
	
	M4.WD.10
	0.004
	7.87

	M1.WD.20
	0.003
	7.71
	
	M4.WD.20
	0.005
	7.24

	M1.WD.30
	0.005
	7.43
	
	M4.WD.30
	0.006
	7.24

	M1.WD.40
	0.004
	7.47
	
	M4.WD.40
	0.005
	7.40

	M1.WD.50
	0.005
	7.37
	
	M4.WD.50
	0.003
	7.43

	M1.WD.70
	0.006
	6.80
	
	M4.WD.70
	0.016
	6.80

	M1.WD.90
	0.010
	6.89
	
	M4.WD.90
	0.014
	6.63

	
	
	
	
	
	
	

	M2.WD.10
	0.001
	8.62
	
	M5.WD.02
	0.004
	7.78

	M2.WD.20
	0.002
	8.15
	
	M5.WD.10
	0.003
	8.02

	M2.WD.30
	0.002
	8.02
	
	M5.WD.20
	0.002
	7.95

	M2.WD.40
	0.007
	7.13
	
	M5.WD.30
	0.005
	7.40

	M2.WD.50
	0.007
	7.46
	
	M5.WD.40
	0.008
	7.36

	M2.WD.70
	0.009
	6.94
	
	M5.WD.50
	0.010
	6.83

	M2.WD.90
	0.007
	7.03
	
	M5.WD.70
	0.004
	7.26

	
	
	
	
	M5.WD.90
	0.008
	6.93

	M3.WD.02
	0.008
	7.14
	
	
	
	

	M3.WD.10
	0.003
	8.00
	
	L1.WD.02
	0.003
	7.50

	M3.WD.20
	0.003
	7.73
	
	L1.WD.10
	0.003
	7.71

	M3.WD.30
	0.005
	7.19
	
	L1.WD.20
	0.006
	7.26

	M3.WD.40
	0.004
	7.46
	
	L1.WD.30
	0.005
	7.35

	M3.WD.50
	0.006
	7.27
	
	L1.WD.40
	0.006
	7.43

	M3.WD.70
	0.009
	6.88
	
	L1.WD.50
	0.007
	7.20

	M3.WD.90
	0.008
	7.00
	
	L1.WD.70
	0.005
	7.06

	
	
	
	
	L1.WD.90
	0.004
	7.25


[bookmark: _Toc201840209]Table 3.1. Summary of alpha-diversity indices at the order level. Sample identifiers (ID) do not include the prefix “TTE.23.”

[bookmark: _Toc201840823]3.2.3 Archaeal Diversity
Thirteen different archaeal phyla were represented, which separated into 31 taxonomically-assigned classes. However, only five classes had total relative abundances greater than 1% for the overall community (i.e., including Bacteria): Thermoplasmata, Bathyarchaeia (formerly Bathyarchaeota), Aenigmarchaeia (formerly Aenigmarchaeota), Thermococci, and unclassified Thermoplasmatota (Figure 3.7). All other archaeal classes with relative abundances less than 1% were summed and binned into the “other” category. Sequence reads that could not be assigned to a class were listed as Unclassified Archaea (Figure 3.7). This group had higher relative abundances generally from shallow core depths in most cores, and their presence may indicate novel taxonomic representation. 
Because 16S rRNA gene sequences provide phylogenetic information, metabolism can be inferred when function is conserved for taxonomic groups related to known and previously characterized groups (Zhang et al., 2020; Zou et al., 2025). Moreover, 16S rRNA diversity is conserved for methanogens and other microbial groups, like sulfate-reducers. Therefore, based on thorough evaluation of the literature (Table 3.2), classes with putative methanogenic groups and with relative abundances greater than 1% included Thermoplasmata, Bathyarchaeia, and Thermococci, which accounted for 75%, 8%, and 3%, respectively, of the total identified archaeal sequence reads (Figure 3.7, Table 3.3). Collectively, however, the number of reads classified as putative methanogens represented 1.74% of all archaeal sequences in the study.
Several orders within the Thermoplasmata were notable because of their higher relative abundances. Only one order had putative methanogens, Methanomassiliicoccales (formerly Rice or Rumen Cluster C), and consistently higher relative abundances at depth and from lower pH conditions (Borrel et al., 2014; Zou et al., 2025). However, this group comprised an average of 0.43% of the total archaeal sequences and 0.04% of sequences overall. Another order, the Thermoprofundales (formerly referred to as Marine Benthic Group D (MBG-D), Deep-Sea Hydrothermal Vent Euryarchaeota Group 1 (DHVEG-1), or Izemarchaea) (Zhou et al., 2019; Zhang et al., 2022), had higher average relative abundances, ranging up to 71%. This group cohabitates with anaerobic methanotrophic archaea (Inagaki et al., 2006) and may provide small molecular compounds, like acetate and ethanol, for some methanogenic groups (Zhou et al., 2019). 
Lastly, the class Bathyarchaeia had higher relative abundances at the surface (Figure 3.7). Of 
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[bookmark: _Toc202943534]Figure 3.7. Relative abundances of archaeal classes that represented >1% of the total archaeal sequence reads (i.e., not including Bacteria), grouped for each core location from left to right with decreasing sample depth and from left to right overall in the order of decreasing salinity (from M01 to L1).

[bookmark: _Toc201840211]Table 3.2 Putative methanogenic groups with relative abundances > 1% based on thorough evaluation of the literature. 


	Methanogens
	Supporting 
Citations
	Methanotrophs
	Supporting Citations
	Sulfate-reducers
	Supporting Citations

	Methanomassiliicoccales
	Borrel et al., 2014;
Zou et al., 2025
	Methylococcales
	Orata et al., 2018
	Desulfitobacteriales
	Cuevas et al., 2024

	Methanocellales
	Wang et al., 2022;
Guerrero-Cruz et al., 2021
	Methylacidiphilales
	Keneally et al., 2024
	Desulfotomaculales
	
Aullo et al., 2013


	Methanomicrobiales
	Keneally et al., 2024
	Methylomirabilales
	Keneally et al., 2024
	Desulfotomaculia Uncl.
	Aullo et al., 2013

	Methanosarcinales
	Bueno de Mesquita et al., 2024
	 
	
	Thermodesulfovibrionales
	Frank et al., 2016


	Methanobacteriales
	Capocci et al., 2023; Zhang et al., 2020
	 
	
	Thermodesulfovibrionia
	Singh et al., 2023

	Methanobacteriota Uncl.
	Dridi et al., 2012
	 
	
	Thermodesulfovibrionia Uncl.
	Singh et al., 2023

	 
	
	 
	
	Desulfarculales
	Keneally et al., 2024

	 
	
	 
	
	Thermodesulfobacteriales
	Mori et al., 2014

	 
	
	 
	
	Thermodesulfobacteriota
	Hatchikian et al., 2015

	 
	
	 
	
	Thermodesulfobacteriota Uncl.
	Hatchikian et al., 2015

	 
	
	 
	
	Desulfobaccales
	Waite et al., 2020
Rodrigues-Cruz et al., 2024

	 
	
	 
	
	Desulfatiglandales
	Langwig et al., 2021

	 
	
	 
	
	Desulfobacterales
	Rolando et al., 2022

	 
	
	 
	
	Desulfobacteria Uncl.
	Rolando et al., 2022

	 
	
	 
	
	Desulfobulbales
	Ward et al., 2021

	 
	
	 
	
	Desulfomonilales
	Waite et al., 2020

	 
	
	 
	
	Desulfovibrionales
	Kuever J et al., 2005

	 
	
	 
	
	Desulfuromonadales
	Keneally et al., 2024

	 
	
	 
	
	Desulfuromonadia IS
	Soares et al., 2024

	 
	
	 
	
	Desulfuromonadia Uncl.
	Soares et al., 2024


[bookmark: _Toc201840212]Table 3.3. Relative abundances of order-level Archaea based on the total number of reads in the dataset and at greater than 1%. Uncl. = unclassified.







	Phylum
	Class
	Order
	Total Number of Sequence Reads
	Relative Abundances [%]

	Thermoplasmatota
	Thermoplasmata
	Marine Benthic Group D & DHVEG-1 (formerly Thermoprofundales)
	332,163
	71.2%

	Thermoproteota
	Bathyarchaeia
	Bathyarchaeia IS
	33,604
	10.2%

	Archaea Uncl.
	Archaea Uncl.
	Archaea Uncl.
	12,772
	3.7%

	Thermoplasmatota
	Thermoplasmata
	Thermoplasmata IS
	11,582
	3.3%

	Aenigmarchaeota
	Aenigmarchaeia
	Aenigmarchaeales
	11,180
	3.2%

	Thermoplasmatota
	Thermoplasmata
	Marine_Group_III
	13,222
	2.6%

	Methanobacteriota
	Thermococci
	Methanofastidiosales
	4,869
	1.3%

	Thermoplasmatota
	Thermoplasmatota Uncl.
	Thermoplasmatota Uncl.
	2,996
	1.0%



all the core depth samples, Bathyarchaeia had the highest relative abundance (38%) at the surface of TTE.23.M1, the most saline core location with the highest SO42- concentration (Table A.3). The relative abundance of Bathyarchaeaia significantly and negatively correlated with SO42- (ρ = -0.70, p-value = 2.041e-07) across all sites. Bathyarchaeia are common inhabitants of surface soils and are metabolically diverse, though metagenomic work is still being done to fully understand their metabolic preferences (Pavia et al., 2024). Within the broad range of possible metabolic capabilities, there is evidence that Bathyarchaeia possess the nifH gene used during nitrogen fixation (Rasmussen et al., 2024; Zou et al., 2025). Other members of the Bathyarchaeia possess mcrA or “mcrA-like” genes that could be used to gain energy through methanogenesis (Zhang et al., 2020; Rasmussen et al., 2024), as well as genes for anaerobic methane oxidation, acetogenesis, and sulfate reduction (Pavia et al., 2024). There is evidence that Bathyarchaeaia could be drivers of methanogenesis in the TTE, as their relative abundance was significantly linked to porewater CH4 concentrations (p-value = 0.002) and salinity (p-value = 0.0002).
The Thermococci class also had high relative abundances overall, with the order Methanofastidiosales representing 1.3% of the total archaeal sequence reads. Members of this order are capable of methylotrophic methanogenesis based on a recent genomic study that showed they can harbor genes that restrict them to reducing methylated compounds (Zhang et al., 2020). Several other orders also had methanogenic members, but Methanofastidiosales was the only one with relative abundances >1%.
Additionally, although having <1% relative abundances, Methanosarcina was the only archaeal order detected that is capable of acetoclastic methanogenesis (Bueno de Mesquita et al., 2024; Hartman et al., 2024), as well as methylotrophic and hydrogenotrophic metabolisms (De Vrieze et al., 2012).
Compiling the total relative abundances of archaeal orders with putative methanogens, including Methanomassiliicoccales, Methanosarcinales, Methanofastidiosales, and Bathyarchaeia Incertae Sedis (i.e., reads assigned to the order but otherwise having unknown or undefined taxonomic relationships), indicated that the highest relative abundances for these groups were consistently from 70 to 90 cm soil depth (Figure 3.7) and significantly correlated with depth (p-values < 0.001). However, the highest relative abundances for putative methanogens did not align with higher porewater CH4 concentrations.
[bookmark: _Toc201840824]3.2.4 Bacterial Diversity
Overall, 86 bacterial phyla were retrieved and assigned to 231 different classes. Fourteen classes had relative abundances greater than 1% (Figure 3.8, Table 3.4). Anaerolineae had the highest average relative abundances, representing about 20% of all sequences from all samples, followed by Gammaproteobacteria (12%). Dehalococcoidia, Unclassified Bacteria, and Desulfobacteria each represented about 10% relative abundances. Other prevalent bacterial classes included Bacteroidia (5%), Phycisphaerae (4%), and Calditrichia (3%). Alphaproteobacteria, Campylobacteria, WCHB1-81, Planctomycetes, Spirochaetia, and Desulfobulbia each had average relative abundances of 2%. All bacterial classes with a relative abundance less than 1% were summed and binned into “Other”, which represented a total of 20% of all reads (Figure 3.8). Conservative assignments of metabolic potential to 16S rRNA gene reads were done based on the literature to evaluate potential contributions of putative methanotrophs and sulfate-reducers at the order level.
Overall, reads classified as putative methanotrophs represented 0.16% of all reads. The Gammaproteobacteria class contained the putative methanotrophic order Methylococcales (Danilova et al., 2016; Orata et al., 2018), which had an average of 0.1% relative abundances. Although reads affiliated with the Alphaproteobacteria comprised up 2% of the total relative abundance, the methanotrophic orders Methylocystaceae and Beijerinckiaceae (Danilova et al., 2016; Orata et al., 2018) were not detected. Depending on the soil depth, Verrucomicrobia could have >1% relative abundance, although the average was 0.4%, and orders associated with aerobic methanotrophy (Keneally et al., 2024) were detected. Relative abundances of the putative methanotrophs were highest near the surface of the cores and decreased with depth, which also negatively correlated with putative methanogen relative abundances (Figure 3.9). This methanotroph–methanogen relationship was significant (p-value < 0.001). Furthermore, at locations TTE.23.M2, TTE.23.M3, and TTE.23.L1, the relative abundances of putative methanotrophs surpassed putative methanogens at the surface. These depths also corresponded to very low CH4 concentrations.
Of the top 14 classes in the dataset, there were four associated with sulfate reduction, including Dehalococcoidia, Desulfobacteria, Desulfobulbia, and Desulfobaccia (Tang et al., 2020; Rolando et al., 2024; Lindsay et al., 2025). Their relative abundances differed with depth and core salinity (Figure 3.10). Regardless of core location, Dehalococcoidia had lower relative 

[bookmark: _Toc197424487][bookmark: _Toc202943535]Figure 3.8. Relative abundances of prevalent bacterial classes that represented >1% of the total sequence reads, grouped for each core location from left to right with decreasing sample depth and from left to right overall in the order of decreasing salinity.
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[bookmark: _Toc197424490][bookmark: _Toc202943536]Figure 3.9. Comparisons of relative abundances between putative methanogenic and methanotrophic at each location and based on the total 16S rRNA gene sequences. 
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AI-generated content may be incorrect.][bookmark: _Toc197424491][bookmark: _Toc202943537]Figure 3.10. Putative sulfate-reducers at each location. Relative abundances were calculated at the order level groups and based on the total sequences.

Table 3.4. Relative abundances of order-level Bacteria based on the total number of Bacteria reads in the dataset and at greater than 1%. Uncl. = unclassified. IS = Incertae Sedis. 
	Phylum
	Class
	Order
	Total Number of Sequence Reads
	Relative Abundance [%]

	Bacteria IS
	Bacteria IS
	Bacteria Uncl.
	414,913
	9.5%

	Chloroflexota
	Anaerolineae
	Anaerolineae IS
	315,744
	7.4%

	Thermodesulfobacteriota
	Desulfobaccia
	Desulfatiglandales
	253,160
	5.9%

	Chloroflexota
	Anaerolineae
	Anaerolineales
	230,376
	5.1%

	Pseudomonadota
	Gammaproteobacteria
	Gammaproteobacteria Uncl.
	241,747
	5.0%

	Chloroflexota
	Anaerolineae
	Aggregatilineales
	177,220
	4.2%

	Bacteria Uncl.
	Bacteria Uncl.
	Bacteroidales
	149,969
	3.3%

	Abditibacteriota
	Abditibacteriia
	Campylobacterales
	141,241
	2.9%

	Chloroflexota
	Dehalococcoidia
	Dehalococcoidia Uncl.
	113,072
	2.8%

	Thermodesulfobacteriota
	Desulfobacteria
	Desulfobacterales
	135,581
	2.8%

	Chloroflexota
	Dehalococcoidia
	GIF9
	105,580
	2.7%

	Patescibacteria
	MD2896-B216
	MSBL9
	110,849
	2.7%

	Chloroflexota
	Anaerolineae
	Anaerolineae Uncl.
	95,894
	2.3%

	Patescibacteria
	Patescibacteria Uncl.
	Pirellulales
	99,972
	2.2%

	Spirochaetota
	Brachyspirae
	Spirochaetales
	90,952
	2.1%

	Thermodesulfobacteriota
	Desulfobacteria
	Desulfobulbales
	91,053
	1.8%

	Caldisericota
	Caldisericia
	Calditrichales
	73,843
	1.7%

	Actinomycetota
	Thermoleophilia
	WCHB1-81 IS
	66,352
	1.6%

	Chloroflexota
	Dehalococcoidia
	GIF3
	57,650
	1.4%

	Pseudomonadota
	Gammaproteobacteria
	Steroidobacterales
	60,034
	1.2%

	Pseudomonadota
	Gammaproteobacteria
	Pseudomonadales
	59,111
	1.2%

	Thermodesulfobacteriota
	Thermodesulfobacteriota Uncl.
	Desulfobaccales
	51,108
	1.2%





abundances at the surface but higher abundances with soil depth. Dehalococcoidia are most often associated with dehalogenation, whereby they utilize natural organochlorines as electron acceptors through the use of reductive dehalogenase genes (Yang et al., 2020), but they have also
been from marsh soils and linked to sulfur metabolism (Engel et al., 2017) by having dissimilatory sulfite reductase genes (Zheng et al., 2024). Dehalococcoidia can also positively correlate with soil CH4 fluxes (Hartman et al., 2024), but the explanations for this are limited. 
In total, for all soil depths and all cores, 16S rRNA gene reads classified to putative sulfate-reducers represented about 13% of the total sequences (Figure 3.10). They had higher relative abundance at the surface and their abundances significantly correlated with depth (p-values        < 0.001) and salinity (p-value < 0.001). The highest relative abundances, which ranged between 15.1% and 19.8%, corresponded to fresher locations. Specific orders included the Desulfobacteria, where relative abundances were generally higher between 10 and 70 cm, the Desulfobulbia, which were more abundant at the surface, and the Desulfobaccia, with higher relative abundances between 10 to 20 cm depth.
Lastly, one bacterial class, Planctomycetes, was present in all of the soil samples at all depths, with the highest relative abundances at about 2 cm (Figure 3.8). Members of this class are metabolically diverse and primarily aerobic organisms, aside from a particular group, the order Brocadiae, that are anaerobic ammonium oxidizers (Lage and Bondoso, 2014). But this order accounted for <1% of all sequence reads.
[bookmark: _Toc201840825]3.2.5 Quantifying Microbial Abundances 
The biomass of specific microbial groups capable of cycling CH4 from the marsh soils was determined by using qPCR, as opposed to relying solely on relative abundances determined from 16S rRNA gene sequencing. All sites had the highest total abundance of bacterial gene copies at the surface and decreased with depth (Figure 3.11). The total abundance of archaeal gene copies ranged from 106.8 to 108.1 per gram of soil. There were fewer overall archaeal gene copies from the southernmost sites that also had higher salinity. The total abundance of Archaea was significantly correlated with porewater CH4 (p-value = 0.01) and salinity (p-value = 0.001).
One of the major questions asked for this research was how geochemical and soil properties correspond to putative methanogen abundances. The mcrA gene has been a functional marker to quantify methanogenic archaea (Keneally et al., 2024), although other studies note that the primers may not target all groups, specifically relatively novel taxa like the Methanofastidiosales 
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[bookmark: _Toc202943538]Figure 3.11. Numbers of gene copies per 1 g of soil for 16S rRNA genes for Bacteria and Archaea, grouped for each core location from left to right with decreasing sample depth and from left to right overall in the order of decreasing salinity.
or Methanomassiliicoccales (Zhang et al., 2020). One of the primary objectives of this thesis was to use qPCR to quantify methanogen abundance with depth and across spatial scales and geochemical gradients throughout the TTE. Copies of the mcrA gene ranged from 104.9 to 107.3 per gram of soil (Figure 3.12). The number of mcrA gene copies was significantly (p-value = 0.02) correlated with porewater CH4 and with salinity (p-value = 0.001), with the highest copy numbers measured at the least saline site, TTE.23.L1, and the lowest copy numbers from the most saline site, TTE.23.M1. As such, the mcrA gene copy numbers strongly correlated to salinity, more so than for 16S rRNA relative abundances. The relationship between mcrA copies and SO42- was negative, but not significant. Peak mcrA gene copy numbers were generally higher between 20 and 50 cm. 
	This research also sought to analyze how geochemical and soil properties correspond to putative methanotroph abundances, which balance CH4 production through CH4 oxidation. The pmoA gene has been a functional marker to quantify methanotrophic bacteria and archaea. Copies of the pmoA gene ranged from 109.8 to 1011.8 per gram of soil (Figure 3.12). However, it should be noted that during pmoA amplification, the samples exceeded the highest standard, meaning this is a cautious estimate for methanotrophic biomass. The highest number of pmoA gene copies was measured at the most saline site, TTE.23.M1, at 2 cm depth and the lowest was at TTE.23.M1 at 90 cm depth. All sites had the highest abundance of pmoA gene copies in the top 20 cm and steadily declined with depth. 
3.2.6 Shared Operational Taxonomic Units
Although OTUs do not reflect true functional and biological diversity, grouping genetically similar sequences can provide useful insight about how taxonomic groups correlate with environmental variables. From all locations and soil depths, there were 407,677 shared OTUs. Of the top ten shared OTUs, nine were from the bacterial domain and one was from the archaeal domain. After removing singleton OTUs, 131,056 OTUs remained, of which 7,487 OTUs remained for Archaea. There were 20 archaeal OTUs with relative abundances >1%, which represented about 65% of all the archaeal reads. The top 16 archaeal OTUs were from the Thermoplasmata, and all were classified to the Thermoprofundales order (MBG-D or DHVEG-1 Incertae Sedis). The top three shared archaeal OTUs, each being affiliated with the Thermoprofundales, were present in every sample. These OTUs had higher relative abundances from soil core surfaces.
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[bookmark: _Toc202943546]Figure 3.12. Log numbers of gene copies per 1 g of soil for the mcrA and pmoA genes, grouped for each core location from left to right with decreasing sample depth and from left to right overall in the order of decreasing salinity.

The relative abundances of only the shared putative methanogens at the genus level were extracted using the get.lineage function in MOTHUR (Figure 3.13) and yielded 101 total shared OTUs from 14,214 total sequence reads. The top 20 most abundant OTUs for putative methanogens represented 92% of the total sequenced methanogenic groups and were all from the Methanofastidiosales (Methanobacteriota phylum, Thermococci class) and Methanomassiliicoccales orders (Thermoplasmatota phylum, Thermoplasmata class) (Seyfferth et al., 2020; Capooci et al., 2024; Chen et al., 2024; Keneally et al., 2024). There was not a  distinct distribution of shared putative methanogenic OTUs with core location or depth, but some OTUs classified as putative methylotrophic methanogens significantly correlated with depth, including Otu00028 (Methanobacteriota phylum, Thermococci class, Methanofastidiosales order), Otu00015 (Methanobacteriota phylum, Thermococci class, Methanofastidiosales order) (p-value = 0.027), as well as Otu00096 (Thermoplasmatota phylum, Thermoplasmata class, Methanomassiliicoccales order) (p-value = 0.083) (Figure 3.13). The top 5 OTUs for putative methanogens also significantly correlated with salinity, whereas only Otu00028 (Methanobacteriota phylum, Thermococci class, Methanofastidiosales order) and Otu00096 (Thermoplasmatota phylum, Thermoplasmata class, Methanomassiliicoccales order) significantly correlated with porewater sulfate concentrations. Otu00045 (Thermoplasmatota phylum, Thermoplasmata class, Methanomassiliicoccales order) and Otu00113 (Methanobacteriota phylum, Thermococci class, Methanofastidiosales order) had their highest relative abundances between 20 and 40 cm depth, which corresponded to the rooting depth of Spartina alterniflora.
The distribution of OTUs by depth and according to water and soil properties was evaluated using a CCA (Figure 3.14). Based on the CCA results, OTU distribution could be explained by 28.8% variance by the first two axes. There were patterns of clustering between the sample site TTE.23.L1 with environmental controls. All TTE.23.L1 sample depths, except the 70 cm and 90 cm depths, exhibited higher scores for CCA1 and CCA2 and were associated with higher ammonium values. Similarly, OTU00844, OTU00291, OTU00096, and OTU00439 (Thermoplasmatota phylum, Thermoplasmata class, Methanomassiliicoccales order) clustered along with OTU00523, OTU00342, OTU00334 (Methanobacteriota phylum, Thermococci class, Methanofastidiosales order) that were clustered with higher scores for CCA1 and CCA2 and associated with higher ammonium values. OTU00100 (Thermoplasmatota phylum,

[bookmark: _Toc202943547]Figure 3.13. Heat maps of ranked OTU relative abundances (beginning at the top row, upper-left) at the order level and associated with methanogenesis, organized by core depth (y-axis) and location (x-axis) for each OTU. 
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[bookmark: _Toc202943548]Figure 3.14. Canonical correspondence analysis of the top 20 putative methanogenic groups and major geochemical and environmental parameters. Red points indicate OTUs and black points represents individual samples. Clustered OTUs and sample sites are defined in text boxes. 

Thermoplasmata class, Methanomassiliicoccales order) and OTU00577, OTU0015, OTU00938 and OTU00321 (Methanobacteriota phylum, Thermococci class, Methanofastidiosales order) were associated with higher CCA2 scores, but lower CCA1 scores. Of the environmental parameters, ammonium had the highest CCA1 scores, and depth had the highest CCA2 scores. 
[bookmark: _Toc201840827]SECTION 4. DISCUSSION
[bookmark: _Toc198546449][bookmark: _Toc198546875]Although wetlands are the largest natural source of biogenic CH4 emissions globally (Zhang et al., 2017), these environments are underrepresented in global C cycle budgets and climate models despite decades of research (Zhang et al., 2023). The main reason for the gap is because there are many uncertainties regarding how biogeochemical and microbial processes influence CH4 production and ultimately control CH4 emissions. More research has been needed to uncover the microbial diversity of coastal marsh soils and to understand the interactions and processes that contribute to and regulate CH4 production (Wang et al., 2022; Hartman et al., 2024). Lastly, because coastal systems are also being directly impacted by rising temperatures and water level variability due to climate change, more research is needed to understand the effects of RSLR on changing soil salinity that is known to influence CH4 production (Zhang et al., 2020; Hartman et al., 2024). To fill these knowledge gaps, the primary goal for this thesis research was to analyze patterns in marsh soil microbial diversity in the context of environmental variables that could affect methanogen and methanotroph presence and distribution.
[bookmark: _Toc201840828]4.1 Novelty of Tidal Marsh Soil Microbial Diversity
[bookmark: bbb0285]One of the main objectives for this study was to address the question of which microbial groups, and especially Archaea, were present in the soil microbial communities. Another objective was to evaluate if and how microbial diversity (as measured by alpha diversity indices) changed with soil depth. Previous research from coastal salt marsh soils has largely focused on the diversity of Bacteria. For example, the major classes of the Pseudomonadota (formerly Proteobacteria) phylum found in wetland sediments include Betaproteobacteria, Deltaproteobacteria, and Gammaproteobacteria (Huang et al., 2019). Within the Pseudomonadota found in tidal marshes, specific genera include nitrate-reducers (Nitrospira), ammonium-oxidizers (Nitrosomonas), and sulfate-reducers (Desulfovibrio) (Khandeparker et al., 2017; Mustafa et al., 2024). Gammaproteobacteria are also common in tidal marshes and the orders Chromatiales and Thiotrichales have been found to oxidize sulfur in salt marshes dominated by Spartina alterniflora (Thomas et al., 2014). In general, the diversity of Archaea and specifically of methanogenic communities has been underrepresented in the literature and unresolved for many habitats, including salt marshes (Engel et al., 2017; Henson and Thrash, 2024). Thermoproteota (formerly Crenarchaeota) are widespread in salt marsh environments (Khandeparker et al., 2017) and play an important role in the N cycle because of ammonium oxidation via the amoA gene (Khandeparker et al., 2017). Orders of methanogens previously associated with porewater CH4 in tidal marshes include Methanofastidiosales, Methanomasiliicoccales, Methermicoccaceae, and Methanococcoides (Keneally et al., 2024). The copy numbers of the mcrA gene per gram of soil detected in this study was 104.9 to 107.3, which aligns with quantities detected in studies of mcrA in other marsh environments (Zhang et al., 2020; Yao et al., 2024). Further characterization of microbial community compositions can help to refine our understanding of the importance of various intertwined microbial pathways resulting in CH4 emissions from tidal marsh soils.
Overall, microbial diversity decreased with TTE soil depth, likely due to reduced substrate availability, such as soil C content, and changing environmental conditions. Moreover, alpha diversity indices significantly correlated with salinity. Salinity is a well-understood driver of microbial diversity in aquatic environments (Henson and Thrash, 2024). Natural tide cycles periodically flood marsh surfaces, but wind also pushes water levels higher than would be expected from tidal activity alone. Marsh inundation dictates geochemical parameters that support microbial activities. Therefore, it was not surprising that the TTE soil microbial diversity indices correlated with salinity, as the tidal marshes experience fluctuating salinity levels due to differing inputs of fresh water mixing with open marine water. These different water bodies can also introduce distinct microbial groups into the marsh soils waters seasonally and at different times of the year (Henson and Thrash, 2024). Future work should investigate how temporal changes in water input may have impacted soil microbial community diversity and interactions.
The TTE soils generally had about 10% or less abundances of Archaea, yet members of the Thermoplasmata, Bathyarchaeia, Aenigmarchaeia, Thermococci, and unclassified Thermoplasmatota, as well as Unclassified Archaea, expand previously known occurrences for some taxa to salt marsh soils. Of note were the most abundant and shared OTUs from multiple locations and soil depths of putative methanogens from the orders Methanofastidiosales (Methanobacteriota phylum, Thermococci class) and Methanomassiliicoccales (Thermoplasmatota phylum, Thermoplasmata class) (Seyfferth et al., 2020; Capooci et al., 2024; Chen et al., 2024; Keneally et al., 2024). In addition to methylotrophic methanogenesis, Methanofastidiosales can also reduce methylated thiol (i.e., methanethiol) to produce CH4 (Nobu et al., 2016), and Methanomassiliicoccales are also methylotrophic methanogens that use H2 as the electron donor and methyl compounds (like methanol or methylamine, CH3NH2) to produce CH4. Sequence similarities of these OTUs to previously characterized genera were low, however, which suggests there is potential for novel species to be uncovered from the soils. Moreover, these metabolisms suggest an important link between methanogen abundances, CH4 production, and S and N cycling in the marsh soils. Also, this study provides additional evidence that methylotrophic methanogens may be significantly contributing to CH4 cycling in tidal marsh soils, a point made recently by others (Seyfferth et al., 2020; Capooci et al., 2024).
This study also adds important new taxonomic information about archaeal diversity from tidal marsh soils and provides a rich dataset to explore in more detail in the future, such as by using ‘omics approaches to link microbial taxonomy to functional capabilities more directly. This is relevant because the diversity of methanogens in many habitats is now considered greater than previously thought (Welte, 2018). In the last five years, new methanogenic groups include the Asgardarchaeota (Valentin-Alvarado et al., 2024), and Methanococcus aeolicus, Methylobacterium phyllosphaerae, Methanomethylophilus alvi, and Methylocella silvestris (Kumar et al., 2021), to name a few. This study also encountered Unclassified Archaea, which had the third highest relative abundance of all archaeal 16S rRNA sequences retrieved from the soils. These sequences could indicate the presence of novel taxa but may also be a consequence of the reference database (SILVA version.138.2) used for this study not containing recently described taxa. Future curation and addition of new sequences into the reference database may improve the taxonomic assignments for these unclassified sequences. The potential novelty among taxonomic groups may also bias the biomass estimates by using qPCR of the mcrA gene, as the primers used may not have targeted all groups and therefore underrepresent total abundances for putative methanogens in the soils (Vaksmaa et al., 2017; Zhang et al., 2020).
Because between ~50% to as much as 90% of CH4 can be consumed by microbial oxidation (Hanson and Hanson, 1996; Knief and Dunfield, 2005; Aronson et al., 2013; Segarra et al., 2015), the diversity of microbes capable of CH4 oxidation should be evaluated alongside the groups capable of CH4 production. For this study, the presence of putative methanotrophs was hypothesized to correlate to lower porewater CH4 concentrations. Generally, there was a significant relationship between putative methanogen and methanotroph presence. The relative and absolute abundances of putative methanotrophs, based on 16S rRNA gene profiles and qPCR of pmoA gene copies, were higher at shallower soil depths, which could contribute to the lower porewater CH4 concentrations at those depths. Although pmoA gene abundances should be interpreted cautiously because of amplification issues, pmoA gene copy profiles supported 16S rRNA gene profiles with similar patterns. Similar to the caveats described for characterizing methanogen diversity and abundances, the diversity of methanotrophs retrieved for this study may also be affected by the reference database not containing all potential methanotrophic groups and the pmoA primers might not have targeted all putative methanotrophic groups. The count of pmoA gene copy numbers should be analyzed further in future work to ensure accuracy, as the biomass estimates from pmoA copy numbers exceeded the counts for total bacteria.
[bookmark: _Toc201840829]4.2 Spatial Heterogeneity in Soil Methane
After establishing what the diversity of microbial groups was from the soils, especially those capable of producing CH4 in coastal marshes, understanding the controls on CH4 production continues to be an important challenge. One of this study’s guiding questions focused on the relationship between soil porewater SO42- and CH4 concentrations. Generally, this is because of the widely recognized paradigm that high concentrations of SO42-, which are also directly correlated to salinity, suppress methanogenesis because sulfate-reducing bacteria outcompete methanogens (Poffenbarger et al., 2011; Bridgham et al., 2013; Tong et al., 2018; Al-Haj and Fulweiler, 2020; Koontz et al., 2024). Therefore, porewater SO42- and CH4 concentrations were hypothesized to inversely correlate. As expected, SO42- concentrations were higher from more saline locations, and SO42- concentrations inversely and non-linearly correlated to porewater CH4 concentrations, hence supporting the hypothesis. Moreover, the TTE soil core results verified the relationship between porewater SO42- and CH4 concentrations, as well as between salinity and CH4, noted by Koontz et al. (2024) from across different wetland habitats and landscapes. Although the range in TTE porewater CH4 concentrations matched their measured, four-orders of magnitude, the highest concentrations in the TTE, at over 3,000 μM, exceeded the highest CH4 measured by Koontz et al., at only 852.9 μM, but were well below measurements made by Capooci et al. (2024) that were as high as 145,000 μM. In contrast to Koontz et al. (2024) who found that porewater CH4 concentrations did not correlate significantly to NH4+ or other environmental variables, this study found that porewater CH4 positively correlated to TN (ρ = 0.61, p-value = 0.0001), CH₃COO⁻ (p-value = 0.001), NH4+ concentration (ρ = 0.57, p-value = 0.001), which suggests that variability in porewater CH4 is likely regulated by microbial processes tied to the N cycle, and could explain the shared and widely distributed presence of Methanomassiliicoccales who may also be N-fixers.
Despite the strong control that salinity generally has on CH4 production, there is emerging evidence that the relationship is not always straightforward (Koontz et al., 2024) and can result in variable CH4 concentrations. From the tidally flooded TTE marsh soils, methanogenesis appears to occur even at higher salinity (Bethke et al., 2011) and where sulfate-reducers are also in high relative abundances. Methylotrophic methanogens are not inhibited by high SO42- conditions like other methanogenic pathways (Seyfferth et al., 2020), and was one of the hypotheses posed for this study. Specifically, soil depths with high CH4 concentrations and where SO42- levels were also high would have higher relative abundances of putative methylotrophic methanogens. The hypothesis was supported by the high numbers of OTUs of methylotrophic methanogens, as well as absolute abundances based on mcrA gene copy numbers and positive correlation between porewater CH4 at variable SO42- concentrations. Methylotrophic methanogenesis appears to play an important role CH4 production in the TTE soils, and more research is needed to understand their abundances and the availability and concentrations of substrates used by these microbes. For instance, future research should attempt to quantify methylotrophic methanogens directly, such as by using primers for the genes mtaB (encoding methanol-5-hydroxybenzimidazolylcobamide Co-methyltransferase), which is used to convert methanol to methyl-CoM, and mtbA (encoding methylated:coenzyme M methyltransferase), which converts methylated amines into methyl-CoM (Dziewit et al., 2015). Moreover, the concentrations of methylamines (e.g., monomethylamine, dimethylamine, and trimethylamine) could be measured to understand their availability and potential use by methylotrophic methanogens.
Previous research indicates that methanogen abundances also positively correlate to the presence of S. alterniflora, which is likely linked to metabolite (i.e. acetate) production and use (Capooci et al., 2024). Decaying S. alterniflora can also release methylamines (Wang and Lee, 1994) and precursor compounds used for methylotrophic methanogenesis (Capooci et al., 2024) that are not used competitively by sulfate-reducers. Because all of the marshes sampled in this study were from S. alterniflora locations, it was not possible to evaluate whether or not methanogen abundances would differ in other vegetation types. However, belowground biomass tied to S. alterniflora was determined as part of the larger CLIM project and was not included in this thesis. Therefore, future research could evaluate whether there is a link between methanogen abundance, and specifically of methylotrophic methanogens, and belowground biomass that could be a source of amine compounds.
Lastly, heterogeneity in CH4 production and transport is influenced by soil properties. The TEE is currently experiencing challenges associated with RSLR and high rate of land loss. The inability of TTE coastal wetlands to keep pace with RSLR means that marshes experience longer and more frequent periods of inundation. The lack of freshwater sediment deposition, along with prolonged inundation, can alter sediment properties, like grain size distribution, bulk density, and soil C content. Zones of higher bulk density at depth could indicate times when sediment and C accretion rates were higher, perhaps due to events like hurricanes, and could explain variability in bulk density and sand occurrence from the soil cores. Similarly, soil with higher bulk density also correlated to lower porosity, which could sustain anoxic microenvironments between inundation. Higher bulk density was hypothesized to correlate with higher porewater CH4 concentrations, which would support higher methanogen abundances. However, Spearman’s Rank Correlation indicated that the relationship between bulk density and porewater CH4 was only weakly significant (p-value = 0.19). An important consideration that was not explored in this study was the effect of soil properties and vegetation on CH4 transport, and future work should evaluate transport mechanisms when considering if and how much CH4 is emitted from the marshes.



[bookmark: _Toc198546452][bookmark: _Toc198546878][bookmark: _Toc201840830]SECTION 5. CONCLUSIONS AND FUTURE WORK
The atmospheric concentration of CH4 is currently about 2.5x greater than pre-industrial levels, and levels are continuing to rise at an accelerated rate (IEA, 2022). Roughly 40% of CH4 is emitted from natural biotic processes in wetlands and there are increasing concerns that climate change perturbations will result in increased emissions from natural sources (Bridgham et al., 2013; IEA, 2023; Michel et al., 2024). Despite the widely understood significant role of microbes in tidal marsh CH4 production, there are still many knowledge gaps regarding distribution of CH4 fluxes, in part because of the multiple complex and interconnected pathways of production and fate. There is a general lack of data regarding microbial community compositions and distributions in tidal marsh environments (Engel et al., 2017). My thesis directly filled this gap by generating an in-depth, high-resolution microbial and geochemical dataset for marsh soil up to 1 m depth that can be used to better understand drivers of tidal marsh CH4 production. There have been a limited number of previous studies of soil to 1 m depth, or that combined many types of analyses. A major goal for this project is for the microbial and geochemical to be integrated into landscape-scale CH4 models by collaborators to establish better estimates of CH4 emissions in the TTE and considering RSLR scenarios. Tidal marshes play a vitally important role as major C reservoirs. Better understanding of the driving processes of CH4 dynamic can allow for more resilience against climate change through the development of successful greenhouse gas mitigation strategies and more accurate forecasting for the future.
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[bookmark: _Toc201840213][bookmark: _Toc197424474]Table A.1. Soil properties up to 90-cm depth. Sample ID indicates the location (Terrebonne-Timbalier Estuary, TTE), year (2023), site location (M or L for Marsh location or LUMCON, respectively), and depth (WD.X, where X is depth in cm). NM = not measured. 
	Sample ID
	% Sand 
	% Silt
	% Clay
	Bulk Density 
(g cm-3)
	Water Fraction (g)
	% Org. C

	TTE.23.M1.WD.2
	10.88
	59.03
	30.09
	0.238
	0.72
	13.43

	TTE.23.M1.WD.4
	26.77
	57.26
	15.97
	0.372
	0.83
	11.37

	TTE.23.M1.WD.6
	5.00
	63.75
	31.25
	0.318
	0.74
	17.30

	TTE.23.M1.WD.8
	4.43
	64.36
	31.21
	0.183
	0.76
	18.35

	TTE.23.M1.WD.10
	3.56
	61.10
	35.34
	0.188
	0.78
	18.26

	TTE.23.M1.WD.12
	5.53
	60.41
	34.06
	0.225
	0.77
	15.86

	TTE.23.M1.WD.14
	5.81
	66.44
	27.75
	0.103
	0.79
	17.83

	TTE.23.M1.WD.16
	7.08
	67.13
	25.79
	0.264
	0.71
	9.69

	TTE.23.M1.WD.18
	4.01
	67.53
	28.46
	0.339
	0.68
	7.41

	TTE.23.M1.WD.20
	4.59
	66.36
	29.05
	0.454
	0.66
	5.91

	TTE.23.M1.WD.22
	4.74
	65.91
	29.35
	0.365
	0.68
	7.22

	TTE.23.M1.WD.24
	5.10
	63.82
	31.08
	0.312
	0.73
	11.89

	TTE.23.M1.WD.26
	2.09
	65.41
	32.50
	0.428
	0.67
	6.68

	TTE.23.M1.WD.28
	2.25
	66.08
	31.67
	0.411
	0.67
	6.77

	TTE.23.M1.WD.30
	12.53
	64.99
	22.48
	0.399
	0.70
	11.05

	TTE.23.M1.WD.32
	3.84
	66.30
	29.86
	0.373
	0.70
	NM

	TTE.23.M1.WD.34
	4.67
	65.46
	29.87
	0.370
	0.67
	NM

	TTE.23.M1.WD.36
	3.10
	62.69
	34.21
	0.376
	0.67
	NM

	TTE.23.M1.WD.38
	2.10
	60.78
	37.12
	0.449
	0.63
	NM

	TTE.23.M1.WD.40
	2.94
	59.71
	37.35
	0.456
	0.65
	4.87

	TTE.23.M1.WD.42
	3.51
	60.07
	36.42
	0.469
	0.64
	NM

	TTE.23.M1.WD.44
	5.44
	60.90
	33.66
	0.513
	0.62
	NM

	TTE.23.M1.WD.46
	4.32
	61.08
	34.60
	0.499
	0.62
	NM

	TTE.23.M1.WD.48
	3.22
	61.26
	35.52
	0.519
	0.62
	NM

	TTE.23.M1.WD.50
	8.25
	62.56
	29.19
	0.461
	0.63
	5.09

	TTE.23.M1.WD.54
	4.03
	64.00
	31.97
	0.578
	0.62
	NM

	TTE.23.M1.WD.58
	7.95
	61.06
	30.99
	0.468
	0.60
	NM

	TTE.23.M1.WD.62
	16.57
	59.90
	23.53
	0.773
	0.54
	NM

	TTE.23.M1.WD.66
	7.63
	60.65
	31.72
	0.574
	0.60
	4.56

	TTE.23.M1.WD.70
	10.25
	60.12
	29.63
	0.528
	0.61
	3.91

	TTE.23.M1.WD.74
	5.03
	61.95
	33.02
	0.516
	0.58
	NM

	TTE.23.M1.WD.78
	4.75
	61.37
	33.88
	0.572
	0.57
	NM

	TTE.23.M1.WD.82
	5.83
	61.90
	32.27
	0.380
	0.65
	NM

	TTE.23.M1.WD.86
	9.80
	62.91
	27.29
	0.530
	0.63
	5.88

	TTE.23.M1.WD.90
	18.68
	60.26
	21.06
	0.562
	0.60
	3.74

	Table A.1 Continued

	Sample ID
	% Sand 
	% Silt
	% Clay
	Bulk Density
(g cm-3)
	Water Fraction (g)
	% Org. C

	TTE.23.M2.WD.2
	7.66
	61.36
	30.98
	0.198
	0.82
	22.15

	TTE.23.M2.WD.4
	7.84
	57.69
	34.47
	0.188
	0.80
	20.27

	TTE.23.M2.WD.6
	4.78
	62.72
	32.50
	0.220
	0.81
	20.06

	TTE.23.M2.WD.8
	9.08
	65.11
	25.81
	0.196
	0.80
	19.93

	TTE.23.M2.WD.10
	7.82
	59.69
	32.49
	0.185
	0.77
	17.15

	TTE.23.M2.WD.12
	9.07
	62.87
	28.06
	0.252
	0.77
	14.92

	TTE.23.M2.WD.14
	5.31
	62.44
	32.25
	0.262
	0.77
	12.78

	TTE.23.M2.WD.16
	8.36
	58.29
	33.35
	0.270
	0.73
	9.77

	TTE.23.M2.WD.18
	14.27
	59.65
	26.08
	0.324
	0.72
	7.55

	TTE.23.M2.WD.20
	8.59
	62.81
	28.60
	0.482
	0.67
	4.24

	TTE.23.M2.WD.22
	8.68
	61.60
	29.72
	0.362
	0.70
	6.12

	TTE.23.M2.WD.24
	2.81
	66.70
	30.49
	0.389
	0.69
	6.39

	TTE.23.M2.WD.26
	8.66
	58.15
	33.19
	0.371
	0.69
	6.83

	TTE.23.M2.WD.28
	7.64
	64.03
	28.33
	0.282
	0.69
	5.58

	TTE.23.M2.WD.30
	7.11
	63.57
	29.32
	0.392
	0.71
	5.53

	TTE.23.M2.WD.32
	3.46
	61.95
	34.59
	0.384
	0.70
	NM

	TTE.23.M2.WD.34
	7.52
	62.18
	30.30
	0.311
	0.67
	NM

	TTE.23.M2.WD.36
	12.36
	70.14
	17.50
	0.569
	0.56
	4.51

	TTE.23.M2.WD.38
	27.18
	56.78
	16.04
	0.404
	0.54
	NM

	TTE.23.M2.WD.40
	5.52
	75.63
	18.85
	0.513
	0.66
	NM

	TTE.23.M2.WD.42
	9.31
	64.41
	26.28
	0.285
	0.65
	NM

	TTE.23.M2.WD.44
	13.01
	63.29
	23.70
	0.353
	0.65
	NM

	TTE.23.M2.WD.46
	11.71
	63.20
	25.09
	0.524
	0.63
	3.67

	TTE.23.M2.WD.48
	9.18
	64.60
	26.22
	0.639
	0.62
	NM

	TTE.23.M2.WD.50
	5.14
	61.64
	33.22
	0.514
	0.64
	NM

	TTE.23.M2.WD.54
	8.98
	61.69
	29.33
	0.394
	0.65
	NM

	TTE.23.M2.WD.58
	7.04
	61.21
	31.75
	0.443
	0.65
	4.28

	TTE.23.M2.WD.62
	15.07
	59.84
	25.09
	0.477
	0.57
	5.29

	TTE.23.M2.WD.66
	9.55
	62.27
	28.18
	0.497
	0.60
	NM

	TTE.23.M2.WD.70
	17.66
	65.72
	16.62
	0.653
	0.55
	NM

	TTE.23.M2.WD.74
	7.35
	62.75
	29.90
	0.212
	0.83
	NM

	TTE.23.M2.WD.78
	6.54
	66.28
	27.18
	0.226
	0.82
	12.91

	TTE.23.M2.WD.82
	13.07
	71.39
	15.54
	0.330
	0.74
	20.48

	TTE.23.M2.WD.86
	12.87
	68.95
	18.18
	0.239
	0.81
	NM

	TTE.23.M2.WD.90
	32.19
	59.08
	8.73
	0.723
	0.54
	NM

	
	
	
	
	
	
	

	Table A.1 Continued

	Sample ID
	% Sand 
	% Silt
	% Clay
	Bulk Density 
(g cm-3)
	Water Fraction (g)
	% Org. C

	TTE.23.M3.WD.2
	6.01
	68.67
	25.32
	0.387
	0.68
	7.56

	TTE.23.M3.WD.4
	4.18
	67.16
	28.66
	0.423
	0.69
	8.13

	TTE.23.M3.WD.6
	8.83
	65.70
	25.47
	0.335
	0.69
	7.86

	TTE.23.M3.WD.8
	10.38
	63.63
	25.99
	0.337
	0.70
	7.21

	TTE.23.M3.WD.10
	5.66
	69.91
	24.43
	0.337
	0.71
	6.70

	TTE.23.M3.WD.12
	14.86
	68.95
	16.19
	0.532
	0.63
	4.58

	TTE.23.M3.WD.14
	6.37
	71.68
	21.95
	0.427
	0.69
	5.21

	TTE.23.M3.WD.16
	6.33
	66.25
	27.42
	0.354
	0.73
	7.45

	TTE.23.M3.WD.18
	8.12
	67.40
	24.48
	0.383
	0.72
	7.69

	TTE.23.M3.WD.20
	7.08
	67.66
	25.26
	0.316
	0.73
	7.32

	TTE.23.M3.WD.22
	5.57
	61.31
	33.12
	0.356
	0.73
	8.15

	TTE.23.M3.WD.24
	8.93
	60.14
	30.93
	0.339
	0.70
	7.34

	TTE.23.M3.WD.26
	4.84
	60.44
	34.72
	0.436
	0.67
	6.35

	TTE.23.M3.WD.28
	22.02
	58.15
	19.83
	0.385
	0.67
	7.36

	TTE.23.M3.WD.30
	30.64
	50.43
	18.93
	0.642
	0.64
	6.39

	TTE.23.M3.WD.32
	7.88
	63.55
	28.57
	0.406
	0.69
	NM

	TTE.23.M3.WD.34
	10.14
	63.40
	26.46
	0.448
	0.70
	NM

	TTE.23.M3.WD.36
	17.34
	63.04
	19.62
	0.408
	0.71
	NM

	TTE.23.M3.WD.38
	22.00
	58.97
	19.03
	0.389
	0.69
	NM

	TTE.23.M3.WD.40
	16.21
	61.54
	22.25
	0.435
	0.66
	NM

	TTE.23.M3.WD.42
	4.32
	60.56
	35.12
	0.386
	0.72
	NM

	TTE.23.M3.WD.44
	1.28
	65.03
	33.69
	0.374
	0.70
	NM

	TTE.23.M3.WD.46
	4.01
	63.66
	32.33
	0.450
	0.69
	NM

	TTE.23.M3.WD.48
	5.12
	61.94
	32.94
	0.409
	0.67
	NM

	TTE.23.M3.WD.50
	7.95
	63.61
	28.44
	0.407
	0.64
	6.89

	TTE.23.M3.WD.54
	3.04
	63.77
	33.19
	0.451
	0.68
	NM

	TTE.23.M3.WD.58
	1.97
	60.54
	37.49
	0.429
	0.68
	NM

	TTE.23.M3.WD.62
	6.21
	60.48
	33.31
	0.504
	0.64
	NM

	TTE.23.M3.WD.66
	2.79
	62.14
	35.07
	0.591
	0.61
	4.42

	TTE.23.M3.WD.70
	5.16
	64.38
	30.46
	0.533
	0.62
	3.95

	TTE.23.M3.WD.74
	7.32
	64.15
	28.53
	0.348
	0.66
	NM

	TTE.23.M3.WD.78
	2.37
	62.13
	35.50
	0.507
	0.64
	NM

	TTE.23.M3.WD.82
	6.10
	62.27
	31.63
	0.586
	0.62
	NM

	TTE.23.M3.WD.86
	5.93
	60.90
	33.17
	0.659
	0.60
	3.71

	TTE.23.M3.WD.90
	8.34
	65.19
	26.47
	0.554
	0.58
	3.84

	
	
	
	
	
	
	

	Table A.1 Continued

	Sample ID
	% Sand 
	% Silt
	% Clay
	Bulk Density
(g cm-3)
	Water Fraction (g)
	% Org. C

	TTE.23.M4.WD.2
	7.98
	71.06
	20.96
	0.489
	0.69
	6.41

	TTE.23.M4.WD.4
	7.38
	71.14
	21.48
	0.357
	0.67
	7.16

	TTE.23.M4.WD.6
	10.61
	70.73
	18.66
	0.551
	0.60
	5.55

	TTE.23.M4.WD.8
	6.69
	67.55
	25.76
	0.332
	0.72
	9.36

	TTE.23.M4.WD.10
	7.50
	67.71
	24.79
	0.243
	0.76
	13.55

	TTE.23.M4.WD.12
	9.52
	65.39
	25.09
	0.310
	0.76
	12.61

	TTE.23.M4.WD.14
	10.12
	65.16
	24.72
	0.419
	0.73
	6.32

	TTE.23.M4.WD.16
	11.67
	64.40
	23.93
	0.405
	0.70
	6.65

	TTE.23.M4.WD.18
	18.77
	60.44
	20.79
	0.281
	0.69
	5.98

	TTE.23.M4.WD.20
	25.33
	54.45
	20.22
	0.310
	0.69
	6.02

	TTE.23.M4.WD.22
	9.93
	64.67
	25.40
	0.322
	0.71
	5.95

	TTE.23.M4.WD.24
	22.48
	58.80
	18.72
	0.463
	0.67
	4.52

	TTE.23.M4.WD.26
	29.85
	52.97
	17.18
	0.338
	0.60
	0.91

	TTE.23.M4.WD.28
	8.41
	53.78
	37.81
	0.436
	0.70
	5.17

	TTE.23.M4.WD.30
	17.08
	55.89
	27.03
	0.365
	0.71
	9.31

	TTE.23.M4.WD.32
	11.67
	59.10
	29.23
	0.560
	0.69
	NM

	TTE.23.M4.WD.34
	5.14
	59.72
	35.14
	0.432
	0.73
	NM

	TTE.23.M4.WD.36
	9.08
	59.74
	31.18
	0.393
	0.73
	NM

	TTE.23.M4.WD.38
	6.35
	61.31
	32.34
	0.391
	0.73
	NM

	TTE.23.M4.WD.40
	6.12
	61.30
	32.58
	0.385
	0.73
	8.79

	TTE.23.M4.WD.42
	1.68
	60.72
	37.60
	0.297
	0.76
	NM

	TTE.23.M4.WD.44
	4.81
	56.38
	38.81
	0.352
	0.78
	NM

	TTE.23.M4.WD.46
	5.31
	59.47
	35.22
	0.287
	0.78
	NM

	TTE.23.M4.WD.48
	9.30
	65.05
	25.65
	0.401
	0.74
	NM

	TTE.23.M4.WD.50
	2.68
	60.23
	37.09
	0.316
	0.81
	12.30

	TTE.23.M4.WD.54
	3.72
	57.85
	38.43
	0.237
	0.79
	NM

	TTE.23.M4.WD.58
	7.73
	70.83
	21.44
	0.418
	0.69
	NM

	TTE.23.M4.WD.62
	3.52
	62.55
	33.93
	0.239
	0.81
	NM

	TTE.23.M4.WD.66
	3.31
	57.83
	38.86
	0.212
	0.82
	19.50

	TTE.23.M4.WD.70
	5.76
	56.21
	38.03
	0.361
	0.81
	16.22

	TTE.23.M4.WD.74
	9.04
	62.01
	28.95
	0.190
	0.83
	NM

	TTE.23.M4.WD.78
	6.28
	69.92
	23.80
	0.644
	0.63
	NM

	TTE.23.M4.WD.82
	5.67
	63.84
	30.49
	0.206
	0.80
	NM

	TTE.23.M4.WD.86
	16.98
	60.45
	22.57
	0.218
	0.79
	11.82

	TTE.23.M4.WD.90
	11.51
	66.74
	21.75
	0.245
	0.81
	18.24

	
	
	
	
	
	
	

	Table A.1 Continued

	Sample ID
	% Sand 
	% Silt
	% Clay
	Bulk Density 
(g cm-3)
	Water Fraction (g)
	% Org. C

	TTE.23.M5.WD.2
	32.53
	57.29
	10.18
	0.765
	0.51
	4.65

	TTE.23.M5.WD.4
	30.35
	59.55
	10.10
	0.556
	0.67
	10.73

	TTE.23.M5.WD.6
	15.58
	71.90
	12.52
	0.506
	0.68
	5.72

	TTE.23.M5.WD.8
	34.55
	60.20
	5.25
	1.063
	0.49
	2.38

	TTE.23.M5.WD.10
	52.44
	44.57
	2.99
	1.380
	0.29
	1.18

	TTE.23.M5.WD.12
	59.96
	35.36
	4.68
	1.454
	0.27
	1.60

	TTE.23.M5.WD.14
	42.51
	48.55
	8.94
	0.360
	0.73
	5.71

	TTE.23.M5.WD.16
	25.74
	56.65
	17.61
	0.344
	0.72
	8.99

	TTE.23.M5.WD.18
	20.00
	57.97
	22.03
	0.322
	0.73
	9.62

	TTE.23.M5.WD.20
	37.08
	48.73
	14.19
	0.215
	0.79
	18.17

	TTE.23.M5.WD.22
	42.80
	44.65
	12.55
	0.391
	0.69
	7.20

	TTE.23.M5.WD.24
	33.90
	50.85
	15.25
	0.262
	0.75
	11.73

	TTE.23.M5.WD.26
	25.25
	57.55
	17.20
	0.332
	0.76
	11.69

	TTE.23.M5.WD.28
	18.27
	61.85
	19.88
	0.227
	0.77
	12.82

	TTE.23.M5.WD.30
	6.89
	62.81
	30.30
	0.245
	0.74
	12.22

	TTE.23.M5.WD.32
	15.54
	62.91
	21.55
	0.240
	0.78
	NM

	TTE.23.M5.WD.34
	11.95
	66.92
	21.13
	0.395
	0.71
	NM

	TTE.23.M5.WD.36
	7.59
	66.02
	26.39
	0.384
	0.71
	NM

	TTE.23.M5.WD.38
	49.29
	39.60
	11.11
	0.454
	0.68
	NM

	TTE.23.M5.WD.40
	58.03
	35.96
	6.01
	1.223
	0.34
	2.14

	TTE.23.M5.WD.42
	44.46
	41.39
	14.15
	0.536
	0.60
	NM

	TTE.23.M5.WD.44
	28.05
	55.81
	16.14
	0.360
	0.72
	NM

	TTE.23.M5.WD.46
	19.17
	55.10
	25.73
	0.332
	0.74
	NM

	TTE.23.M5.WD.48
	18.24
	54.55
	27.21
	0.336
	0.74
	NM

	TTE.23.M5.WD.50
	3.26
	56.80
	39.94
	0.321
	0.74
	10.52

	TTE.23.M5.WD.54
	6.36
	55.66
	37.98
	0.313
	0.74
	NM

	TTE.23.M5.WD.58
	18.00
	58.23
	23.77
	0.196
	0.82
	NM

	TTE.23.M5.WD.62
	22.87
	56.04
	21.09
	0.280
	0.79
	NM

	TTE.23.M5.WD.66
	12.66
	60.27
	27.07
	0.215
	0.82
	15.45

	TTE.23.M5.WD.70
	27.69
	54.91
	17.40
	0.125
	0.88
	32.47

	TTE.23.M5.WD.74
	19.44
	60.02
	20.54
	0.161
	0.90
	NM

	TTE.23.M5.WD.78
	10.35
	67.22
	22.43
	0.234
	0.85
	NM

	TTE.23.M5.WD.82
	16.61
	65.93
	17.46
	0.306
	0.78
	NM

	TTE.23.M5.WD.86
	8.58
	66.32
	25.10
	0.105
	0.91
	25.21

	TTE.23.M5.WD.90
	15.08
	74.03
	10.89
	0.350
	0.72
	9.08

	











	
	
	
	
	
	

	Table A.1 Continued

	Sample ID
	% Sand 
	% Silt
	% Clay
	Bulk Density 
(g cm-3)
	Water Fraction (g)
	% Org. C

	TTE.23.L1.WD.2
	13.79
	52.37
	33.84
	0.253
	0.79
	10.92

	TTE.23.L1.WD.4
	7.41
	63.24
	29.35
	0.208
	0.80
	8.68

	TTE.23.L1.WD.6
	6.30
	61.34
	32.36
	0.257
	0.79
	10.99

	TTE.23.L1.WD.8
	2.82
	55.79
	41.39
	0.171
	0.83
	9.18

	TTE.23.L1.WD.10
	12.63
	53.34
	34.03
	0.283
	0.84
	12.11

	TTE.23.L1.WD.12
	5.08
	57.82
	37.10
	0.237
	0.82
	10.58

	TTE.23.L1.WD.14
	3.98
	56.72
	39.30
	0.217
	0.83
	9.70

	TTE.23.L1.WD.16
	3.71
	58.62
	37.67
	0.193
	0.81
	10.69

	TTE.23.L1.WD.18
	9.55
	65.62
	24.83
	0.302
	0.77
	8.43

	TTE.23.L1.WD.20
	7.72
	55.07
	37.21
	0.271
	0.78
	8.30

	TTE.23.L1.WD.22
	22.10
	62.69
	15.21
	0.344
	0.76
	7.26

	TTE.23.L1.WD.24
	11.46
	63.65
	24.89
	0.337
	0.76
	7.25

	TTE.23.L1.WD.26
	16.18
	61.46
	22.36
	0.453
	0.71
	4.84

	TTE.23.L1.WD.28
	15.00
	58.07
	26.93
	0.391
	0.74
	6.58

	TTE.23.L1.WD.30
	9.19
	63.12
	27.69
	0.306
	0.76
	NM

	TTE.23.L1.WD.32
	27.54
	55.28
	17.18
	0.364
	0.74
	NM

	TTE.23.L1.WD.34
	8.32
	62.98
	28.70
	0.365
	0.74
	NM

	TTE.23.L1.WD.36
	4.85
	68.50
	26.65
	0.325
	0.76
	NM

	TTE.23.L1.WD.38
	6.18
	65.20
	28.62
	0.348
	0.75
	NM

	TTE.23.L1.WD.40
	17.58
	60.39
	22.03
	0.326
	0.73
	6.43

	TTE.23.L1.WD.42
	34.72
	49.62
	15.66
	0.434
	0.71
	NM

	TTE.23.L1.WD.44
	6.84
	66.54
	26.62
	0.346
	0.73
	NM

	TTE.23.L1.WD.46
	8.51
	68.33
	23.16
	0.402
	0.72
	NM

	TTE.23.L1.WD.48
	3.37
	67.86
	28.77
	0.391
	0.72
	NM

	TTE.23.L1.WD.50
	4.84
	61.18
	33.98
	0.347
	0.76
	5.70

	TTE.23.L1.WD.54
	8.98
	52.62
	38.40
	0.299
	0.72
	NM

	TTE.23.L1.WD.58
	14.84
	53.58
	31.58
	0.386
	0.72
	NM

	TTE.23.L1.WD.62
	9.33
	56.52
	34.15
	0.340
	0.73
	NM

	TTE.23.L1.WD.66
	8.20
	62.24
	29.56
	0.334
	0.76
	8.53

	TTE.23.L1.WD.70
	9.66
	58.22
	32.12
	0.280
	0.80
	19.36

	TTE.23.L1.WD.74
	4.04
	58.91
	37.05
	0.264
	0.81
	NM

	TTE.23.L1.WD.78
	10.55
	62.28
	27.17
	0.240
	0.79
	NM

	TTE.23.L1.WD.82
	5.22
	57.96
	36.82
	0.290
	0.76
	NM

	TTE.23.L1.WD.86
	11.79
	60.98
	27.23
	0.316
	0.74
	13.21

	TTE.23.L1.WD.90
	5.35
	61.11
	33.54
	0.351
	0.68
	9.86



[bookmark: _Toc197424475][bookmark: _Toc201840214][bookmark: _Toc197424489][bookmark: _Toc198546722][bookmark: _Toc198546962]Table A.2. Physiochemical (field-collected temperature) and geochemical parameters from porewater extracted from soil monoliths up to 90 cm depth. Sample ID indicates the location (Terrebonne-Timbalier Estuary, TTE), year (2023), site location (M or L for Marsh location or LUMCON, respectively), and depth (WD.X, where X is depth in cm). Units for CH3COO- are in µM, for dissolved CH4 are in mM, for NPOC and DIC in mg C L-1, and TN and NOx in mg N L-1. NM = not measured. 
	Sample ID
	pH 
	Temp (˚C)
	CH3COO-
	NPOC
	DIC
	TN
	CH4
	NOx

	TTE.23.M1.WD.2
	7.00
	30.2
	13
	2.02
	5.7
	0.17
	0.03
	3.4

	TTE.23.M1.WD.4
	6.98
	30.0
	NM
	1.82
	10.8
	0.19
	0.01
	1.9

	TTE.23.M1.WD.6
	7.48
	29.9
	NM
	2.52
	12.2
	0.20
	0.02
	7.6

	TTE.23.M1.WD.8
	7.62
	29.8
	NM
	3.25
	16.6
	0.37
	0.04
	2

	TTE.23.M1.WD.10
	7.85
	29.8
	14.4
	3.19
	28.1
	0.53
	0.10
	1.5

	TTE.23.M1.WD.12
	7.96
	29.6
	NM
	3.47
	23.3
	0.70
	0.30
	2.6

	TTE.23.M1.WD.14
	7.91
	29.5
	NM
	3.20
	20.5
	0.85
	0.29
	3.2

	TTE.23.M1.WD.16
	7.80
	29.7
	NM
	3.20
	24.2
	0.95
	0.42
	1.7

	TTE.23.M1.WD.18
	7.87
	29.7
	NM
	3.27
	24.9
	1.06
	0.39
	6.6

	TTE.23.M1.WD.20
	7.98
	29.3
	19.6
	3.20
	29.2
	1.13
	0.48
	2.3

	TTE.23.M1.WD.22
	8.08
	29.4
	NM
	3.34
	22.4
	1.21
	0.62
	2.1

	TTE.23.M1.WD.24
	7.84
	29.5
	NM
	3.20
	23.7
	1.27
	0.47
	1.9

	TTE.23.M1.WD.26
	7.50
	29.5
	NM
	3.24
	27.6
	1.27
	0.37
	2.5

	TTE.23.M1.WD.28
	7.83
	29.4
	NM
	3.15
	21.8
	1.38
	0.37
	2.6

	TTE.23.M1.WD.30
	7.84
	29.4
	20.4
	3.13
	22.1
	1.44
	0.54
	2.4

	TTE.23.M1.WD.32
	7.75
	29.3
	NM
	3.63
	24.9
	1.53
	0.54
	2.4

	TTE.23.M1.WD.34
	8.09
	29.2
	NM
	3.19
	23.0
	1.53
	0.49
	2.1

	TTE.23.M1.WD.36
	8.02
	29.1
	NM
	3.19
	25.3
	1.62
	0.61
	2.3

	TTE.23.M1.WD.38
	7.98
	29.0
	NM
	2.91
	30.1
	1.51
	0.65
	2.1

	TTE.23.M1.WD.40
	8.12
	29.0
	33.9
	1.66
	23.5
	0.94
	0.48
	2.3

	TTE.23.M1.WD.42
	7.82
	28.8
	NM
	2.43
	23.0
	1.33
	0.48
	2

	TTE.23.M1.WD.44
	7.91
	28.9
	NM
	2.19
	23.2
	1.29
	0.69
	2.3

	TTE.23.M1.WD.46
	7.88
	29.0
	NM
	1.30
	23.5
	0.86
	0.51
	2.1

	TTE.23.M1.WD.48
	8.20
	29.1
	NM
	1.64
	25.4
	1.11
	0.51
	2.3

	TTE.23.M1.WD.50
	7.99
	28.9
	25.5
	2.84
	25.1
	1.84
	0.76
	1.9

	TTE.23.M1.WD.54
	8.08
	28.6
	NM
	2.61
	21.7
	1.82
	0.67
	2.3

	TTE.23.M1.WD.58
	7.91
	28.8
	NM
	2.78
	22.2
	1.98
	0.41
	2.1

	TTE.23.M1.WD.62
	7.84
	28.8
	NM
	2.86
	24.2
	1.99
	1.27
	1.8

	TTE.23.M1.WD.66
	7.96
	28.6
	NM
	39.1
	25.2
	2.18
	0.53
	2.1

	TTE.23.M1.WD.70
	8.20
	28.6
	21.9
	2.71
	18.9
	2.00
	0.52
	2.1

	TTE.23.M1.WD.74
	8.18
	28.6
	NM
	2.88
	22.9
	2.10
	0.72
	2

	TTE.23.M1.WD.78
	8.27
	28.7
	NM
	3.08
	24.7
	2.17
	1.25
	1.9

	TTE.23.M1.WD.82
	8.14
	28.5
	NM
	3.02
	20.3
	2.21
	0.82
	1.9

	TTE.23.M1.WD.86
	8.14
	28.5
	NM
	2.97
	22.6
	2.17
	0.78
	1.9

	TTE.23.M1.WD.90
	8.33
	28.6
	22.3
	3.36
	33.0
	2.34
	1.05
	2

	
	
	
	

	Table A.2 Continued

	Sample ID
	pH 
	Temp (˚C)
	CH3COO-
	NPOC
	DIC
	TN
	CH4
	NOx

	TTE.23.M2.WD.2
	6.11
	29.3
	25
	0.85
	8.4
	0.11
	0.02
	1.9

	TTE.23.M2.WD.4
	6.04
	29.1
	NM
	1.01
	2.9
	0.06
	0.01
	1.6

	TTE.23.M2.WD.6
	6.11
	29.0
	NM
	0.86
	5.0
	0.04
	0.00
	1.9

	TTE.23.M2.WD.8
	6.14
	28.6
	NM
	1.01
	9.3
	0.05
	0.01
	1.7

	TTE.23.M2.WD.10
	6.70
	28.7
	25.2
	1.34
	8.8
	0.12
	0.01
	1.5

	TTE.23.M2.WD.12
	6.67
	28.9
	NM
	1.44
	8.0
	0.07
	0.02
	1.6

	TTE.23.M2.WD.14
	6.82
	28.8
	NM
	1.78
	8.6
	0.07
	0.04
	1.7

	TTE.23.M2.WD.16
	7.02
	28.8
	NM
	1.69
	8.2
	0.22
	0.30
	1.8

	TTE.23.M2.WD.18
	7.14
	28.9
	NM
	1.54
	11.9
	0.35
	0.15
	1.3

	TTE.23.M2.WD.20
	7.33
	28.8
	27.5
	1.72
	11.4
	0.37
	0.14
	1.5

	TTE.23.M2.WD.22
	7.24
	28.9
	NM
	2.12
	15.6
	0.46
	0.12
	1

	TTE.23.M2.WD.24
	7.83
	28.9
	NM
	1.64
	19.1
	0.52
	0.13
	1.7

	TTE.23.M2.WD.26
	7.87
	29.0
	NM
	1.90
	18.3
	0.56
	0.18
	1.2

	TTE.23.M2.WD.28
	8.10
	29.0
	NM
	4.82
	16.0
	0.68
	0.11
	1.8

	TTE.23.M2.WD.30
	8.04
	29.0
	28.1
	1.62
	17.1
	0.65
	0.20
	2.1

	TTE.23.M2.WD.32
	8.13
	28.9
	NM
	1.78
	21.5
	0.67
	0.27
	2.5

	TTE.23.M2.WD.34
	8.15
	28.7
	NM
	1.58
	24.7
	0.68
	0.45
	1.8

	TTE.23.M2.WD.36
	8.10
	28.7
	NM
	1.75
	20.2
	0.75
	0.58
	2.2

	TTE.23.M2.WD.38
	7.88
	28.6
	NM
	1.80
	19.7
	0.77
	0.36
	2.2

	TTE.23.M2.WD.40
	7.80
	28.7
	36.3
	2.02
	16.0
	0.82
	0.11
	3.3

	TTE.23.M2.WD.42
	6.87
	28.7
	NM
	1.66
	17.0
	0.82
	0.11
	3.1

	TTE.23.M2.WD.44
	7.78
	28.7
	NM
	1.81
	21.0
	0.88
	0.14
	3.6

	TTE.23.M2.WD.46
	7.88
	28.6
	NM
	1.60
	17.2
	0.90
	0.15
	4

	TTE.23.M2.WD.48
	7.98
	28.5
	NM
	2.25
	17.5
	0.97
	0.13
	3.8

	TTE.23.M2.WD.50
	7.78
	28.6
	35.3
	2.50
	16.1
	1.11
	0.23
	3.5

	TTE.23.M2.WD.54
	7.92
	28.5
	NM
	1.58
	22.0
	1.06
	0.24
	3.7

	TTE.23.M2.WD.58
	7.97
	28.5
	NM
	1.61
	25.1
	1.14
	0.30
	4

	TTE.23.M2.WD.62
	8.12
	28.4
	NM
	2.01
	20.3
	1.47
	0.91
	4.3

	TTE.23.M2.WD.66
	7.93
	28.5
	NM
	2.43
	24.0
	1.63
	0.71
	4.2

	TTE.23.M2.WD.70
	7.90
	28.1
	32.9
	2.41
	20.3
	1.68
	1.37
	3.9

	TTE.23.M2.WD.74
	7.87
	28.4
	NM
	2.65
	34.0
	1.80
	0.71
	3.3

	TTE.23.M2.WD.78
	7.92
	28.4
	NM
	2.76
	32.9
	1.77
	1.28
	3.8

	TTE.23.M2.WD.82
	8.16
	28.2
	NM
	2.93
	29.1
	1.94
	0.63
	3.5

	TTE.23.M2.WD.86
	8.16
	28.0
	NM
	2.98
	29.2
	1.90
	0.63
	2.4

	TTE.23.M2.WD.90
	8.23
	28.0
	29.3
	3.03
	31.7
	1.92
	0.75
	2.6

	












	
	
	
	
	
	
	
	

	Table A.2 Continued.

	Sample ID
	pH 
	Temp (˚C)
	CH3COO-
	NPOC
	DIC
	TN
	CH4
	NOx

	TTE.23.M3.WD.2
	7.80
	31.4
	14
	3.48
	10.4
	0.58
	0.09
	5.5

	TTE.23.M3.WD.4
	7.66
	30.6
	NM
	3.42
	9.50
	0.47
	0.08
	2.6

	TTE.23.M3.WD.6
	7.93
	30.3
	NM
	3.58
	8.50
	0.23
	0.02
	59.7

	TTE.23.M3.WD.8
	7.96
	29.6
	NM
	4.34
	11.1
	0.24
	0.12
	11.6

	TTE.23.M3.WD.10
	7.98
	29.3
	9.8
	3.98
	12.1
	0.27
	0.10
	2.8

	TTE.23.M3.WD.12
	7.91
	29.4
	NM
	5.85
	17.6
	0.44
	0.62
	1.3

	TTE.23.M3.WD.14
	8.07
	29.5
	NM
	3.62
	18.3
	0.56
	0.23
	1.6

	TTE.23.M3.WD.16
	8.08
	29.7
	NM
	5.16
	18.3
	0.68
	2.64
	1.3

	TTE.23.M3.WD.18
	8.03
	29.5
	NM
	4.52
	16.3
	0.66
	0.67
	1.7

	TTE.23.M3.WD.20
	8.13
	29.4
	14.4
	4.52
	18.7
	0.73
	0.37
	1.9

	TTE.23.M3.WD.22
	8.33
	29.4
	NM
	4.69
	21.7
	0.73
	0.23
	1.7

	TTE.23.M3.WD.24
	8.21
	29.3
	NM
	4.01
	21.7
	0.77
	0.29
	1.6

	TTE.23.M3.WD.26
	8.35
	29.4
	NM
	3.72
	27.2
	0.75
	0.42
	2.4

	TTE.23.M3.WD.28
	8.32
	29.4
	NM
	3.59
	22.4
	0.76
	0.48
	4.3

	TTE.23.M3.WD.30
	8.03
	29.5
	11.3
	3.8
	21.4
	0.78
	0.28
	2.4

	TTE.23.M3.WD.32
	8.43
	29.0
	NM
	4.41
	23.1
	0.82
	0.65
	2.2

	TTE.23.M3.WD.34
	8.31
	29.0
	NM
	3.89
	22.5
	0.85
	0.23
	2

	TTE.23.M3.WD.36
	8.55
	29.0
	NM
	3.80
	23.6
	0.84
	0.31
	3.8

	TTE.23.M3.WD.38
	8.38
	29.0
	NM
	3.76
	23.3
	0.87
	0.23
	2.3

	TTE.23.M3.WD.40
	8.36
	28.9
	14.1
	3.73
	22.5
	0.92
	0.21
	2

	TTE.23.M3.WD.42
	8.19
	28.8
	NM
	3.59
	20.0
	0.87
	0.24
	2

	TTE.23.M3.WD.44
	8.21
	28.7
	NM
	3.96
	21.3
	0.93
	0.19
	2.7

	TTE.23.M3.WD.46
	8.33
	28.7
	NM
	3.67
	24.1
	0.98
	0.23
	1.7

	TTE.23.M3.WD.48
	8.13
	28.7
	NM
	3.62
	24.0
	1.04
	0.24
	2

	TTE.23.M3.WD.50
	8.06
	28.7
	15
	3.75
	24.3
	1.08
	0.20
	2.5

	TTE.23.M3.WD.54
	8.22
	28.6
	NM
	3.44
	22.4
	1.05
	0.23
	3.7

	TTE.23.M3.WD.58
	8.20
	28.6
	NM
	1.97
	20.2
	0.80
	0.23
	3

	TTE.23.M3.WD.62
	8.25
	28.5
	NM
	3.61
	22.2
	1.42
	0.39
	3.8

	TTE.23.M3.WD.66
	8.34
	27.9
	NM
	4.00
	22.1
	1.51
	0.42
	2.7

	TTE.23.M3.WD.70
	8.25
	27.1
	15.9
	3.67
	22.7
	1.49
	0.42
	1.9

	TTE.23.M3.WD.74
	8.20
	28.2
	NM
	4.05
	22.8
	1.76
	0.50
	5.7

	TTE.23.M3.WD.78
	8.32
	28.7
	NM
	4.01
	20.1
	1.86
	0.60
	1.9

	TTE.23.M3.WD.82
	8.37
	28.5
	NM
	4.18
	22.7
	1.92
	0.52
	2.5

	TTE.23.M3.WD.86
	8.34
	28.6
	NM
	4.14
	21.9
	1.89
	0.43
	1.3

	TTE.23.M3.WD.90
	8.37
	28.6
	27
	4.15
	22.3
	1.91
	0.45
	2.5

	
	
	
	
	
	
	
	
	

	Table A.2 Continued.

	Sample ID
	pH 
	Temp (˚C)
	CH3COO-
	NPOC
	DIC
	TN
	CH4
	NOx

	TTE.23.M4.WD.2
	6.92
	29.4
	26.7
	2.90
	11.4
	0.35
	0.08
	8

	TTE.23.M4.WD.4
	7.36
	29.2
	NM
	3.09
	12.0
	0.20
	0.15
	3.9

	TTE.23.M4.WD.6
	7.67
	29.0
	NM
	2.80
	14.9
	0.33
	0.28
	1.9

	TTE.23.M4.WD.8
	7.87
	29.0
	NM
	3.34
	15.8
	0.47
	0.46
	1.4

	TTE.23.M4.WD.10
	7.85
	29.0
	49.8
	3.40
	17.1
	0.56
	0.63
	2

	TTE.23.M4.WD.12
	7.97
	29.0
	NM
	3.88
	25.9
	0.60
	0.33
	6.3

	TTE.23.M4.WD.14
	7.80
	29.0
	NM
	3.63
	25.4
	0.63
	0.30
	2.2

	TTE.23.M4.WD.16
	7.85
	29.2
	NM
	6.07
	24.0
	0.73
	0.53
	2.5

	TTE.23.M4.WD.18
	7.86
	29.3
	NM
	4.11
	30.6
	0.75
	0.69
	5.2

	TTE.23.M4.WD.20
	8.10
	29.1
	120.9
	4.55
	24.8
	0.82
	2.20
	2

	TTE.23.M4.WD.22
	7.25
	29.2
	NM
	3.63
	19.4
	0.95
	0.70
	4.4

	TTE.23.M4.WD.24
	8.05
	29.1
	NM
	4.82
	25.0
	0.93
	0.61
	5.4

	TTE.23.M4.WD.26
	7.88
	29.7
	NM
	3.21
	16.0
	1.06
	0.27
	2.9

	TTE.23.M4.WD.28
	8.00
	29.0
	NM
	3.63
	15.5
	1.14
	0.54
	2.5

	TTE.23.M4.WD.30
	8.00
	28.9
	26.8
	3.16
	12.1
	1.22
	0.51
	3.6

	TTE.23.M4.WD.32
	8.00
	28.8
	NM
	3.00
	18.5
	1.22
	0.59
	3.7

	TTE.23.M4.WD.34
	8.00
	28.7
	NM
	3.37
	23.7
	1.24
	0.60
	4

	TTE.23.M4.WD.36
	7.84
	28.6
	NM
	2.89
	26.8
	1.23
	0.48
	3.8

	TTE.23.M4.WD.38
	8.02
	28.6
	NM
	3.36
	24.9
	1.32
	0.51
	5.1

	TTE.23.M4.WD.40
	7.94
	28.5
	25.9
	2.96
	22.1
	1.31
	0.63
	3.5

	TTE.23.M4.WD.42
	7.91
	28.4
	NM
	2.90
	15.8
	1.27
	0.42
	2

	TTE.23.M4.WD.44
	7.95
	28.3
	NM
	2.92
	21.6
	1.28
	0.46
	3.5

	TTE.23.M4.WD.46
	7.89
	28.3
	NM
	0.89
	25.0
	0.42
	0.72
	4

	TTE.23.M4.WD.48
	7.92
	28.3
	NM
	2.85
	24.8
	1.23
	1.19
	9.9

	TTE.23.M4.WD.50
	7.91
	28.3
	28.8
	2.98
	20.2
	1.28
	1.26
	4.5

	TTE.23.M4.WD.54
	7.90
	28.3
	NM
	3.11
	19.9
	1.30
	0.88
	2.9

	TTE.23.M4.WD.58
	8.14
	28.3
	NM
	20.65
	25.7
	1.43
	0.89
	4.1

	TTE.23.M4.WD.62
	7.95
	28.1
	NM
	2.97
	21.9
	1.36
	0.85
	2.6

	TTE.23.M4.WD.66
	7.91
	28.1
	NM
	2.81
	24.5
	1.29
	1.06
	3.9

	TTE.23.M4.WD.70
	7.94
	27.8
	27.7
	1.83
	2.1
	1.30
	1.43
	3

	TTE.23.M4.WD.74
	7.73
	27.8
	NM
	2.75
	19.1
	1.30
	1.63
	8

	TTE.23.M4.WD.78
	8.02
	27.7
	NM
	2.84
	21.1
	1.27
	1.25
	4.9

	TTE.23.M4.WD.82
	8.06
	27.6
	NM
	2.68
	23.8
	1.25
	0.87
	3.4

	TTE.23.M4.WD.86
	7.93
	27.6
	NM
	2.74
	25.3
	1.20
	0.77
	5.1

	TTE.23.M4.WD.90
	7.94
	28.2
	26.4
	2.7
	30.1
	1.26
	0.56
	4.3

	
	
	
	
	
	
	
	
	

	Table A.2 Continued.

	Sample ID
	pH 
	Temp (˚C)
	CH3COO-
	NPOC
	DIC
	TN
	CH4
	NOx

	TTE.23.M5.WD.2
	7.42
	30.3
	22
	1.64
	4.9
	0.14
	0.02
	3

	TTE.23.M5.WD.4
	7.42
	29.0
	NM
	2.11
	8.0
	0.10
	0.01
	16

	TTE.23.M5.WD.6
	7.38
	28.9
	NM
	0.70
	6.9
	0.04
	0.04
	3.3

	TTE.23.M5.WD.8
	7.47
	28.9
	NM
	2.46
	9.9
	0.17
	0.07
	11.7

	TTE.23.M5.WD.10
	8.01
	29.0
	26.5
	2.51
	14.0
	0.23
	0.10
	12.9

	TTE.23.M5.WD.12
	8.10
	29.0
	NM
	9.15
	12.9
	0.51
	0.11
	2.2

	TTE.23.M5.WD.14
	8.06
	29.0
	NM
	5.21
	21.2
	0.72
	0.58
	1.8

	TTE.23.M5.WD.16
	8.02
	29.1
	NM
	6.23
	23.3
	0.85
	1.09
	3.5

	TTE.23.M5.WD.18
	8.03
	29.2
	NM
	3.27
	21.1
	0.79
	0.49
	7

	TTE.23.M5.WD.20
	7.99
	29.2
	38.6
	3.80
	21.0
	0.84
	0.47
	1

	TTE.23.M5.WD.22
	8.04
	29.1
	NM
	3.44
	18.0
	0.92
	1.22
	1.2

	TTE.23.M5.WD.24
	8.28
	29.1
	NM
	4.85
	22.9
	0.92
	1.23
	1.4

	TTE.23.M5.WD.26
	8.38
	29.2
	NM
	4.07
	25.6
	1.08
	0.52
	2.1

	TTE.23.M5.WD.28
	8.08
	29.1
	NM
	3.38
	26.1
	1.08
	0.70
	2.9

	TTE.23.M5.WD.30
	8.30
	29.1
	26.5
	3.94
	26.4
	1.26
	0.57
	

	TTE.23.M5.WD.32
	7.37
	28.9
	NM
	4.45
	25.6
	1.37
	3.11
	1.1

	TTE.23.M5.WD.34
	8.49
	28.7
	NM
	4.46
	23.4
	1.28
	2.55
	1.5

	TTE.23.M5.WD.36
	8.24
	28.6
	NM
	3.96
	30.0
	1.32
	1.10
	1.4

	TTE.23.M5.WD.38
	8.00
	28.6
	NM
	3.97
	30.5
	1.36
	0.52
	1.8

	TTE.23.M5.WD.40
	8.16
	28.6
	40.7
	3.76
	28.3
	1.31
	1.06
	1.7

	TTE.23.M5.WD.42
	8.34
	28.5
	NM
	4.36
	28.8
	1.63
	2.05
	2.3

	TTE.23.M5.WD.44
	8.18
	28.5
	NM
	3.34
	27.7
	1.28
	0.77
	1.7

	TTE.23.M5.WD.46
	8.14
	28.4
	NM
	3.39
	29.7
	1.23
	0.65
	1.6

	TTE.23.M5.WD.48
	8.25
	28.3
	NM
	3.44
	27.2
	1.21
	0.78
	9

	TTE.23.M5.WD.50
	8.11
	28.3
	32.4
	3.46
	33.0
	1.35
	0.84
	1.4

	TTE.23.M5.WD.54
	7.43
	28.3
	NM
	3.06
	15.1
	1.16
	0.83
	1.5

	TTE.23.M5.WD.58
	8.08
	28.1
	NM
	2.61
	27.7
	1.00
	0.75
	1.7

	TTE.23.M5.WD.62
	7.88
	28.1
	NM
	2.9
	23.8
	1.04
	0.92
	1.5

	TTE.23.M5.WD.66
	8.11
	28.1
	NM
	3.17
	24.6
	1.11
	1.81
	1.8

	TTE.23.M5.WD.70
	7.68
	28.0
	26.7
	2.99
	27.0
	1.09
	0.83
	2.1

	TTE.23.M5.WD.74
	8.18
	27.8
	NM
	2.52
	23.5
	0.96
	0.79
	1.9

	TTE.23.M5.WD.78
	8.23
	27.7
	NM
	2.48
	24.4
	0.95
	0.93
	1.8

	TTE.23.M5.WD.82
	8.00
	27.8
	NM
	2.54
	19.3
	0.92
	0.60
	4.3

	TTE.23.M5.WD.86
	7.53
	27.8
	NM
	2.24
	18.9
	0.87
	0.50
	2.1

	TTE.23.M5.WD.90
	7.43
	28.1
	23.7
	2.42
	23.0
	0.87
	0.64
	3.9

	

	
	
	
	
	
	



	
	

	Table A.2 Continued.

	Sample ID
	pH 
	Temp (˚C)
	CH3COO-
	NPOC
	DIC
	TN
	CH4
	NOx

	TTE.23.L1.WD.2
	7.90
	29.4
	35.3
	1.47
	4.2
	0.16
	0.03
	2.6

	TTE.23.L1.WD.4
	7.83
	28.7
	NM
	2.41
	13.5
	0.38
	0.11
	1.4

	TTE.23.L1.WD.6
	7.86
	28.5
	NM
	1.80
	19.3
	0.41
	0.17
	1.5

	TTE.23.L1.WD.8
	7.92
	28.6
	NM
	1.51
	16.7
	0.40
	1.45
	2

	TTE.23.L1.WD.10
	7.97
	28.6
	25.1
	1.96
	19.6
	0.46
	0.64
	2

	TTE.23.L1.WD.12
	7.93
	28.9
	NM
	2.10
	11.1
	0.60
	0.20
	1.4

	TTE.23.L1.WD.14
	7.98
	28.8
	NM
	1.79
	11.4
	0.53
	0.23
	1.1

	TTE.23.L1.WD.16
	8.00
	28.6
	NM
	2.31
	10.7
	0.54
	1.22
	1

	TTE.23.L1.WD.18
	7.89
	28.7
	NM
	1.65
	16.8
	0.54
	2.71
	1.4

	TTE.23.L1.WD.20
	7.87
	28.6
	219.9
	4.53
	19.0
	0.59
	1.12
	1.5

	TTE.23.L1.WD.22
	7.79
	28.6
	NM
	3.06
	20.9
	0.61
	0.40
	1.8

	TTE.23.L1.WD.24
	8.17
	28.6
	NM
	1.76
	25.8
	0.58
	0.80
	1.8

	TTE.23.L1.WD.26
	7.87
	28.5
	NM
	1.78
	26.9
	0.63
	0.25
	1.7

	TTE.23.L1.WD.28
	8.10
	28.5
	NM
	1.69
	25.0
	0.61
	0.22
	2.3

	TTE.23.L1.WD.30
	8.15
	28.4
	28.8
	1.53
	25.1
	0.46
	0.48
	1.8

	TTE.23.L1.WD.32
	8.19
	28.3
	NM
	1.84
	20.2
	0.69
	0.51
	1.4

	TTE.23.L1.WD.34
	8.07
	28.1
	NM
	1.60
	17.6
	0.61
	0.32
	3.9

	TTE.23.L1.WD.36
	8.37
	27.9
	NM
	NM
	20.1
	0.73
	0.33
	1.8

	TTE.23.L1.WD.38
	8.07
	27.8
	NM
	1.88
	20.7
	0.80
	0.44
	2.1

	TTE.23.L1.WD.40
	7.07
	27.9
	28.7
	1.87
	20.8
	0.83
	0.47
	2.2

	TTE.23.L1.WD.42
	6.87
	27.8
	NM
	2.00
	21.5
	0.92
	0.67
	1.8

	TTE.23.L1.WD.44
	7.78
	27.9
	NM
	1.89
	18.8
	0.92
	0.45
	1.3

	TTE.23.L1.WD.46
	7.88
	27.9
	NM
	2.24
	17.9
	1.06
	0.40
	2.3

	TTE.23.L1.WD.48
	7.98
	27.8
	NM
	2.02
	15.7
	1.03
	0.63
	1.5

	TTE.23.L1.WD.50
	7.88
	28.0
	31.1
	2.37
	12.1
	1.08
	1.07
	2.2

	TTE.23.L1.WD.54
	7.92
	27.8
	NM
	2.36
	16.3
	1.18
	0.79
	1.5

	TTE.23.L1.WD.58
	7.97
	27.8
	NM
	2.58
	19.7
	1.23
	2.48
	1.4

	TTE.23.L1.WD.62
	8.12
	27.8
	NM
	2.44
	20.2
	1.28
	0.94
	1.3

	TTE.23.L1.WD.66
	7.93
	27.7
	NM
	2.42
	23.9
	1.23
	2.89
	1.7

	TTE.23.L1.WD.70
	7.90
	27.7
	29.8
	2.66
	27.2
	1.23
	1.19
	1.3

	TTE.23.L1.WD.74
	7.87
	27.7
	NM
	2.52
	25.3
	1.27
	2.04
	1.8

	TTE.23.L1.WD.78
	7.92
	27.6
	NM
	2.71
	25.7
	1.26
	1.83
	1.5

	TTE.23.L1.WD.82
	8.16
	27.4
	NM
	2.47
	22.5
	1.15
	0.82
	1.6

	TTE.23.L1.WD.86
	8.16
	27.4
	NM
	2.56
	31.8
	1.23
	2.26
	1.3

	TTE.23.L1.WD.90
	8.12
	27.3
	27.6
	2.99
	27.2
	1.29
	0.72
	1.5



2

[bookmark: _Toc201840215]Table. A.3. Major anion and cation concentrations from extracted porewater of Terrebonne Timbalier Estuary soil monoliths. Sample ID indicates the location (TTE), year (23), site location (M or L), and core depth (WD.X where the number indicates depth in cm). Units fare mg L-1. NM = not measured. BDL = below detection limit. 
	Sample ID
	NH4+
	K+
	Mg2+
	Ca2+
	Na+
	Cl-
	SO42-

	TTE.23.M1.WD.2
	1.0
	450.6
	1793.1
	588.2
	14974
	178.6
	38.38

	TTE.23.M1.WD.4
	1.7
	403.6
	1473.7
	491.5
	12602
	722.5
	28.68

	TTE.23.M1.WD.6
	1.1
	362.7
	1439.2
	471.3
	12419
	629.8
	25.65

	TTE.23.M1.WD.8
	3.2
	357.0
	1378.2
	452.8
	11212
	581.0
	17.71

	TTE.23.M1.WD.10
	5.6
	329.8
	1284.9
	429.6
	11599
	564.6
	12.63

	TTE.23.M1.WD.12
	8.2
	316.4
	1246.7
	422.9
	11445
	537.5
	9.19

	TTE.23.M1.WD.14
	9.7
	315.1
	1213.9
	412.0
	10760
	530.7
	5.87

	TTE.23.M1.WD.16
	11.7
	295.0
	1179.6
	403.6
	10309
	526.4
	2.81

	TTE.23.M1.WD.18
	14.5
	294.7
	1171.7
	401.5
	10100
	503.7
	2.05

	TTE.23.M1.WD.20
	16.6
	279.2
	1154.6
	398.0
	9771
	489.4
	1.19

	TTE.23.M1.WD.22
	19.5
	300.6
	1186.5
	407.8
	9733
	447.6
	1.28

	TTE.23.M1.WD.24
	19.9
	294.0
	1125.6
	387.5
	9628
	458.2
	1.23

	TTE.23.M1.WD.26
	20.9
	281.8
	1130.0
	392.4
	9656
	463.7
	0.80

	TTE.23.M1.WD.28
	27.6
	353.7
	1393.4
	489.8
	12428
	467.0
	0.53

	TTE.23.M1.WD.30
	22.5
	274.5
	1066.6
	374.1
	9584
	448.8
	0.43

	TTE.23.M1.WD.32
	24.3
	275.3
	1053.1
	369.0
	9547
	443.6
	0.47

	TTE.23.M1.WD.34
	24.7
	261.6
	1070.8
	375.3
	9249
	436.5
	0.43

	TTE.23.M1.WD.36
	26.2
	271.9
	1062.1
	377.5
	9321
	428.3
	0.49

	TTE.23.M1.WD.38
	25.5
	275.3
	1041.2
	367.3
	9474
	435.5
	0.65

	TTE.23.M1.WD.40
	25.7
	268.0
	1019.0
	354.7
	9125
	435.3
	0.96

	TTE.23.M1.WD.42
	27.1
	292.1
	1010.5
	354.6
	9134
	407.0
	0.87

	TTE.23.M1.WD.44
	27.0
	272.6
	1022.6
	357.9
	9392
	413.1
	0.81

	TTE.23.M1.WD.46
	28.9
	262.1
	985.6
	346.2
	8695
	414.1
	0.58

	TTE.23.M1.WD.48
	30.4
	262.7
	959.4
	338.3
	8639
	409.0
	0.48

	TTE.23.M1.WD.50
	28.1
	252.1
	950.8
	333.2
	8450
	408.0
	0.49

	TTE.23.M1.WD.54
	NM
	NM
	NM
	NM
	NM
	409.6
	0.46

	TTE.23.M1.WD.58
	31.9
	252.4
	927.1
	325.5
	8556
	412.2
	0.41

	TTE.23.M1.WD.62
	31.6
	265.5
	948.9
	330.1
	8474
	396.4
	0.42

	TTE.23.M1.WD.66
	32.3
	259.5
	940.4
	328.8
	8082
	385.1
	0.45

	TTE.23.M1.WD.70
	29.9
	226.4
	932.1
	317.8
	7961
	375.3
	0.43

	TTE.23.M1.WD.74
	34.0
	239.2
	906.8
	315.7
	7894
	397.2
	0.44

	TTE.23.M1.WD.78
	34.2
	251.9
	899.9
	312.9
	8012
	361.8
	0.45

	TTE.23.M1.WD.82
	35.5
	245.2
	892.4
	311.3
	13630
	380.3
	0.43

	TTE.23.M1.WD.86
	37.8
	249.5
	899.8
	314.0
	7849
	394.1
	0.39

	TTE.23.M1.WD.90
	36.3
	243.6
	886.8
	309.9
	8308
	373.4
	0.44



	TableA.3 Continued.

	Sample ID
	NH4+
	K+
	Mg2+
	Ca2+
	Na+
	Cl-
	SO42-

	TTE.23.M2.WD.2
	0.9
	290.0
	990.1
	340.6
	8938
	404.0
	25.08

	TTE.23.M2.WD.4
	BDL
	316.4
	1111.5
	383.7
	9377
	754.8
	33.77

	TTE.23.M2.WD.6
	BDL
	320.4
	1179.3
	405.8
	9988
	703.9
	31.59

	TTE.23.M2.WD.8
	BDL
	306.3
	1134.4
	392.1
	9761
	725.9
	27.92

	TTE.23.M2.WD.10
	0.4
	305.4
	1109.5
	382.0
	9657
	444.0
	26.47

	TTE.23.M2.WD.12
	BDL
	320.0
	1057.7
	362.4
	9329
	431.0
	23.48

	TTE.23.M2.WD.14
	BDL
	291.6
	1056.3
	363.3
	9566
	461.6
	24.18

	TTE.23.M2.WD.16
	2.6
	282.7
	999.9
	353.0
	9034
	601.0
	21.49

	TTE.23.M2.WD.18
	4.7
	264.7
	966.6
	349.1
	8707
	575.1
	16.94

	TTE.23.M2.WD.20
	4.8
	262.1
	911.8
	321.2
	8383
	881.7
	20.83

	TTE.23.M2.WD.22
	6.1
	248.2
	896.2
	313.2
	8147
	526.3
	12.48

	TTE.23.M2.WD.24
	6.9
	250.5
	881.0
	306.4
	7960
	538.8
	12.33

	TTE.23.M2.WD.26
	7.3
	252.1
	868.5
	300.9
	8042
	538.4
	11.55

	TTE.23.M2.WD.28
	8.7
	235.3
	841.5
	292.6
	11051
	504.0
	10.42

	TTE.23.M2.WD.30
	8.8
	244.6
	841.7
	294.2
	7648
	520.4
	10.37

	TTE.23.M2.WD.32
	8.9
	244.5
	846.3
	293.6
	7721
	508.3
	10.89

	TTE.23.M2.WD.34
	9.5
	244.5
	833.8
	291.8
	7790
	523.2
	10.21

	TTE.23.M2.WD.36
	10.0
	248.9
	827.9
	290.8
	8251
	518.2
	9.84

	TTE.23.M2.WD.38
	10.4
	246.2
	819.3
	286.4
	7646
	516.4
	9.81

	TTE.23.M2.WD.40
	11.5
	254.7
	835.1
	292.9
	8048
	479.1
	9.01

	TTE.23.M2.WD.42
	12.1
	242.0
	829.9
	291.7
	7555
	507.8
	9.28

	TTE.23.M2.WD.44
	12.9
	245.1
	831.6
	291.6
	7987
	332.1
	8.98

	TTE.23.M2.WD.46
	13.7
	234.7
	822.4
	290.5
	7492
	357.2
	8.81

	TTE.23.M2.WD.48
	14.8
	221.3
	820.6
	285.8
	7522
	358.9
	8.95

	TTE.23.M2.WD.50
	17.6
	260.0
	826.9
	291.5
	7779
	350.0
	8.15

	TTE.23.M2.WD.54
	19.6
	233.6
	842.8
	300.2
	NM
	342.0
	7.00

	TTE.23.M2.WD.58
	21.7
	230.4
	828.8
	296.2
	NM
	360.4
	6.06

	TTE.23.M2.WD.62
	25.7
	232.6
	813.6
	293.7
	NM
	347.8
	2.66

	TTE.23.M2.WD.66
	28.9
	225.1
	785.9
	284.5
	NM
	341.6
	1.43

	TTE.23.M2.WD.70
	30.1
	226.7
	778.0
	282.0
	7231
	336.8
	1.12

	TTE.23.M2.WD.74
	35.0
	222.7
	753.4
	274.1
	7239
	327.7
	0.93

	TTE.23.M2.WD.78
	31.8
	219.8
	745.7
	271.4
	6681
	324.0
	0.73

	TTE.23.M2.WD.82
	33.9
	211.0
	732.7
	267.6
	6608
	322.1
	0.72

	TTE.23.M2.WD.86
	33.4
	212.2
	732.6
	266.7
	6638
	324.5
	1.03

	TTE.23.M2.WD.90
	34.6
	214.9
	741.7
	270.3
	6588
	303.9
	0.98




	Table A.3 Continued.

	Sample ID
	NH4+
	K+
	Mg2+
	Ca2+
	Na+
	Cl-
	SO42-

	TTE.23.M3.WD.2
	6.6
	290.6
	1270.7
	448.2
	10693
	496.2
	15.57

	TTE.23.M3.WD.4
	4.4
	269.1
	1233.3
	413.3
	10080
	493.7
	15.16

	TTE.23.M3.WD.6
	0.8
	272.6
	1263.1
	429.8
	10264
	513.0
	14.79

	TTE.23.M3.WD.8
	0.7
	267.2
	1233.0
	427.1
	10240
	509.2
	12.47

	TTE.23.M3.WD.10
	1.2
	260.4
	1197.9
	418.5
	9709
	477.5
	8.56

	TTE.23.M3.WD.12
	4.0
	257.8
	1146.8
	400.5
	9350
	492.5
	6.66

	TTE.23.M3.WD.14
	6.2
	251.6
	1127.4
	396.9
	9561
	460.6
	5.25

	TTE.23.M3.WD.16
	7.3
	252.1
	1086.5
	386.2
	8754
	439.2
	3.36

	TTE.23.M3.WD.18
	7.3
	268.7
	1087.9
	369.9
	9053
	428.5
	3.00

	TTE.23.M3.WD.20
	7.9
	236.6
	1030.0
	368.5
	8015
	424.3
	1.67

	TTE.23.M3.WD.22
	7.7
	235.6
	1064.3
	376.9
	8380
	435.6
	0.88

	TTE.23.M3.WD.24
	8.4
	242.8
	1052.7
	362.0
	8435
	436.4
	1.15

	TTE.23.M3.WD.26
	8.9
	224.6
	1071.7
	392.8
	8266
	413.0
	1.01

	TTE.23.M3.WD.28
	9.0
	228.2
	1033.1
	379.2
	7739
	418.3
	0.96

	TTE.23.M3.WD.30
	9.3
	219.8
	1029.2
	377.9
	7799
	408.7
	0.95

	TTE.23.M3.WD.32
	9.7
	223.9
	1018.6
	378.3
	8304
	406.2
	0.95

	TTE.23.M3.WD.34
	9.9
	223.1
	1013.1
	375.7
	8091
	404.9
	0.95

	TTE.23.M3.WD.36
	9.8
	222.1
	1029.1
	382.8
	8163
	421.2
	0.73

	TTE.23.M3.WD.38
	10.0
	226.6
	1017.8
	379.4
	8501
	416.6
	1.25

	TTE.23.M3.WD.40
	11.9
	214.0
	999.6
	374.3
	8015
	331.1
	0.80

	TTE.23.M3.WD.42
	12.7
	227.7
	1058.0
	396.9
	8572
	421.2
	1.10

	TTE.23.M3.WD.44
	12.3
	224.1
	1052.5
	396.7
	8170
	437.1
	1.06

	TTE.23.M3.WD.46
	13.3
	209.4
	1001.9
	379.9
	7793
	398.3
	0.73

	TTE.23.M3.WD.48
	14.9
	203.5
	975.9
	372.1
	7638
	392.5
	0.70

	TTE.23.M3.WD.50
	15.2
	207.9
	1005.8
	385.9
	7771
	391.2
	1.01

	TTE.23.M3.WD.54
	17.6
	206.6
	987.4
	380.8
	7580
	383.7
	0.92

	TTE.23.M3.WD.58
	20.4
	203.8
	967.9
	376.6
	7622
	378.2
	0.77

	TTE.23.M3.WD.62
	22.4
	193.8
	952.1
	370.4
	7465
	377.3
	0.59

	TTE.23.M3.WD.66
	22.8
	202.6
	944.6
	367.6
	7517
	384.0
	0.80

	TTE.23.M3.WD.70
	24.2
	179.6
	947.1
	366.9
	7345
	354.6
	NM

	TTE.23.M3.WD.74
	27.8
	190.6
	897.6
	355.7
	7108
	363.0
	NM

	TTE.23.M3.WD.78
	29.1
	186.8
	869.5
	349.1
	7077
	357.2
	NM

	TTE.23.M3.WD.82
	30.7
	189.3
	861.6
	351.2
	7004
	366.8
	NM

	TTE.23.M3.WD.86
	30.1
	166.4
	858.1
	349.5
	6871
	344.4
	NM

	TTE.23.M3.WD.90
	31.1
	171.1
	866.2
	358.0
	7102
	363.1
	NM





	Table A.3 Continued.

	Sample ID
	NH4+
	K+
	Mg2+
	Ca2+
	Na+
	Cl-
	SO42-

	TTE.23.M4.WD.2
	3.5
	257.2
	1059.1
	366.8
	8153
	425.8
	11.36

	TTE.23.M4.WD.4
	0.5
	259.6
	1175.7
	403.9
	8510
	461.6
	12.37

	TTE.23.M4.WD.6
	3.4
	266.4
	1157.4
	394.5
	8381
	426.6
	8.17

	TTE.23.M4.WD.8
	5.4
	370.6
	986.7
	350.9
	8232
	412.1
	3.08

	TTE.23.M4.WD.10
	6.1
	346.5
	960.9
	342.1
	4798
	396.2
	2.07

	TTE.23.M4.WD.12
	7.1
	400.4
	915.0
	333.3
	7457
	388.7
	0.82

	TTE.23.M4.WD.14
	7.3
	325.0
	912.8
	337.6
	7284
	385.6
	0.78

	TTE.23.M4.WD.16
	9.8
	287.3
	1114.0
	414.8
	7089
	367.7
	0.69

	TTE.23.M4.WD.18
	9.2
	218.1
	853.9
	318.7
	6753
	360.9
	0.90

	TTE.23.M4.WD.20
	9.7
	215.5
	852.0
	312.9
	6026
	351.2
	0.57

	TTE.23.M4.WD.22
	12.1
	230.2
	813.0
	299.3
	6599
	342.5
	0.56

	TTE.23.M4.WD.24
	11.8
	205.2
	817.1
	300.0
	6479
	334.4
	0.48

	TTE.23.M4.WD.26
	15.2
	206.0
	792.7
	299.0
	6153
	317.5
	0.44

	TTE.23.M4.WD.28
	16.2
	204.2
	769.2
	284.0
	6188
	307.7
	0.68

	TTE.23.M4.WD.30
	18.0
	210.3
	759.0
	278.0
	6111
	301.2
	0.66

	TTE.23.M4.WD.32
	17.7
	206.3
	765.8
	279.8
	6132
	288.4
	0.59

	TTE.23.M4.WD.34
	17.6
	192.0
	743.2
	271.7
	5986
	294.4
	0.48

	TTE.23.M4.WD.36
	17.7
	197.4
	742.1
	272.5
	5843
	288.7
	0.59

	TTE.23.M4.WD.38
	20.0
	205.3
	703.5
	258.8
	5764
	273.4
	0.79

	TTE.23.M4.WD.40
	19.4
	207.9
	707.5
	253.9
	5974
	278.7
	0.63

	TTE.23.M4.WD.42
	19.7
	199.9
	716.3
	261.0
	6038
	286.5
	0.82

	TTE.23.M4.WD.44
	21.3
	211.3
	662.4
	249.0
	5272
	265.3
	0.64

	TTE.23.M4.WD.46
	20.1
	223.9
	700.0
	257.0
	5645
	303.2
	0.96

	TTE.23.M4.WD.48
	21.0
	211.8
	681.0
	251.9
	5490
	260.1
	0.68

	TTE.23.M4.WD.50
	20.8
	200.8
	707.3
	265.2
	5678
	278.3
	0.68

	TTE.23.M4.WD.54
	20.1
	191.2
	683.7
	259.6
	5086
	260.7
	0.46

	TTE.23.M4.WD.58
	20.3
	199.9
	687.7
	257.3
	5529
	281.6
	0.63

	TTE.23.M4.WD.62
	20.3
	200.9
	676.7
	256.3
	5501
	270.6
	0.64

	TTE.23.M4.WD.66
	20.0
	193.8
	665.0
	254.2
	5634
	267.6
	0.62

	TTE.23.M4.WD.70
	19.7
	194.5
	675.6
	258.2
	5634
	282
	0.68

	TTE.23.M4.WD.74
	20.1
	198.6
	693.1
	264.7
	5464
	283.5
	0.65

	TTE.23.M4.WD.78
	20.6
	205.8
	724.3
	277.0
	5582
	277.9
	0.51

	TTE.23.M4.WD.82
	19.6
	193.3
	698.0
	268.7
	5592
	271.7
	0.46

	TTE.23.M4.WD.86
	18.4
	198.7
	707.6
	271.0
	5904
	275.4
	0.66

	TTE.23.M4.WD.90
	20.6
	212.3
	737.4
	280.4
	5862
	290.4
	0.64







	Table A.3 Continued.

	Sample ID
	NH4+
	K+
	Mg2+
	Ca2+
	Na+
	Cl-
	SO42-

	TTE.23.M5.WD.2
	0.7
	273.3
	1062.6
	357.6
	8417
	424.2
	19.55

	TTE.23.M5.WD.4
	bdl
	277.2
	1107.5
	383.8
	8741
	471.5
	20.32

	TTE.23.M5.WD.6
	0.2
	265.2
	1082.0
	378.6
	8350
	469.0
	17.79

	TTE.23.M5.WD.8
	0.8
	257.9
	1067.8
	382.3
	8365
	451.2
	15.48

	TTE.23.M5.WD.10
	0.9
	311.6
	1112.7
	402.2
	8582
	434.8
	11.52

	TTE.23.M5.WD.12
	5.7
	319.2
	1057.5
	339.9
	7885
	434.2
	8.43

	TTE.23.M5.WD.14
	9.0
	263.1
	1023.0
	388.7
	7869
	461.8
	4.50

	TTE.23.M5.WD.16
	10.5
	252.8
	983.5
	373.6
	7019
	406.0
	3.11

	TTE.23.M5.WD.18
	11.2
	248.5
	960.8
	363.7
	5242
	416.2
	2.66

	TTE.23.M5.WD.20
	12.5
	254.0
	966.2
	367.9
	6916
	426.1
	1.93

	TTE.23.M5.WD.22
	14.0
	229.8
	948.3
	368.8
	7308
	405.4
	0.99

	TTE.23.M5.WD.24
	15.1
	239.3
	980.1
	379.8
	7049
	413.5
	1.16

	TTE.23.M5.WD.26
	15.0
	213.4
	938.8
	366.1
	6767
	407.1
	1.37

	TTE.23.M5.WD.28
	15.1
	209.9
	985.8
	360.7
	7217
	394.1
	1.16

	TTE.23.M5.WD.30
	19.6
	224.9
	945.6
	361.0
	6987
	395.7
	0.74

	TTE.23.M5.WD.32
	20.1
	243.6
	905.5
	340.9
	6644
	385.2
	0.78

	TTE.23.M5.WD.34
	19.9
	214.6
	911.9
	338.6
	6650
	388.1
	1.37

	TTE.23.M5.WD.36
	20.0
	212.2
	856.6
	319.9
	6259
	364.7
	1.13

	TTE.23.M5.WD.38
	20.1
	225.4
	875.3
	326.8
	6354
	369.1
	1.01

	TTE.23.M5.WD.40
	19.2
	192.0
	834.0
	303.9
	6133
	354.8
	1.02

	TTE.23.M5.WD.42
	24.3
	292.0
	880.8
	311.9
	6099
	365.4
	1.11

	TTE.23.M5.WD.44
	20.3
	195.4
	812.2
	295.9
	6065
	348.0
	0.82

	TTE.23.M5.WD.46
	19.3
	188.4
	788.8
	283.5
	6052
	343.8
	0.80

	TTE.23.M5.WD.48
	17.8
	198.5
	770.2
	277.3
	5947
	338
	1.39

	TTE.23.M5.WD.50
	19.2
	195.3
	757.0
	273.2
	5563
	310.4
	0.75

	TTE.23.M5.WD.54
	19.0
	187.7
	734.2
	266.3
	5867
	304.6
	0.89

	TTE.23.M5.WD.58
	17.8
	184.2
	714.5
	257.1
	5143
	304.3
	0.82

	TTE.23.M5.WD.62
	17.3
	192.6
	738.4
	266.1
	5650
	309.2
	1.06

	TTE.23.M5.WD.66
	15.5
	184.4
	690.8
	247.8
	5459
	314.2
	0.95

	TTE.23.M5.WD.70
	15.5
	178.1
	678.3
	245.0
	5346
	298.5
	0.71

	TTE.23.M5.WD.74
	13.9
	185.8
	670.1
	237.5
	5414
	290.3
	0.80

	TTE.23.M5.WD.78
	14.0
	183.3
	662.0
	238.5
	5415
	293.0
	0.71

	TTE.23.M5.WD.82
	13.0
	183.0
	666.4
	240.5
	5552
	306.6
	0.70

	TTE.23.M5.WD.86
	12.6
	179.6
	653.3
	235.9
	5457
	282.0
	0.63

	TTE.23.M5.WD.90
	12.0
	181.1
	661.9
	238.8
	5350
	283.7
	0.65





	Table A.3 Continued.

	Sample ID
	NH4+
	K+
	Mg2+
	Ca2+
	Na+
	Cl-
	SO42-

	TTE.23.L1.WD.2
	1.5
	155.3
	582.0
	211.4
	5197
	233.4
	9.66

	TTE.23.L1.WD.4
	4.4
	157.5
	558.2
	213.3
	5251
	244.2
	4.74

	TTE.23.L1.WD.6
	5.3
	162.8
	561.7
	217.2
	5092
	234.9
	3.27

	TTE.23.L1.WD.8
	5.7
	150.5
	549.0
	213.5
	4954
	233.8
	3.03

	TTE.23.L1.WD.10
	6.0
	152.9
	539.8
	209.1
	5002
	221.1
	2.68

	TTE.23.L1.WD.12
	7.1
	153.2
	525.2
	205.0
	4928
	226.1
	2.80

	TTE.23.L1.WD.14
	6.8
	149.9
	518.5
	200.9
	4812
	226.8
	3.60

	TTE.23.L1.WD.16
	6.7
	166.0
	521.6
	197.9
	5853
	237.0
	4.49

	TTE.23.L1.WD.18
	7.0
	146.4
	495.3
	194.7
	4617
	215.7
	2.53

	TTE.23.L1.WD.20
	7.3
	147.0
	484.8
	191.8
	4673
	213.9
	2.25

	TTE.23.L1.WD.22
	7.5
	153.8
	506.9
	203.1
	4845
	218.2
	2.24

	TTE.23.L1.WD.24
	7.7
	145.9
	500.5
	202.6
	4764
	218.7
	2.11

	TTE.23.L1.WD.26
	8.0
	146.8
	502.3
	205.1
	4689
	214.8
	1.70

	TTE.23.L1.WD.28
	8.2
	145.8
	496.1
	204.1
	4620
	216.3
	1.84

	TTE.23.L1.WD.30
	8.7
	145.5
	495.7
	205.2
	4610
	216.5
	1.98

	TTE.23.L1.WD.32
	9.1
	147.7
	494.5
	206.2
	4623
	219.4
	1.76

	TTE.23.L1.WD.34
	9.5
	146.4
	488.9
	205.1
	4629
	214.7
	1.23

	TTE.23.L1.WD.36
	9.9
	145.3
	488.8
	205.9
	4587
	215.7
	1.09

	TTE.23.L1.WD.38
	11.6
	146.6
	484.5
	204.8
	4570
	210.6
	1.08

	TTE.23.L1.WD.40
	12.3
	145.0
	489.2
	208.4
	4533
	212.1
	0.84

	TTE.23.L1.WD.42
	13.9
	149.1
	489.1
	208.3
	4576
	210.7
	0.91

	TTE.23.L1.WD.44
	14.3
	147.1
	494.4
	210.8
	4607
	212.6
	0.71

	TTE.23.L1.WD.46
	15.7
	144.1
	473.0
	201.7
	4471
	207.5
	0.82

	TTE.23.L1.WD.48
	16.3
	141.7
	477.4
	204.6
	4442
	190.4
	0.59

	TTE.23.L1.WD.50
	16.7
	144.4
	478.6
	205.0
	4531
	209.1
	0.77

	TTE.23.L1.WD.54
	18.6
	140.0
	478.5
	206.1
	4530
	201.0
	0.80

	TTE.23.L1.WD.58
	20.1
	140.0
	472.8
	204.1
	4414
	197.1
	0.75

	TTE.23.L1.WD.62
	20.3
	133.3
	464.1
	200.6
	4319
	195.2
	0.76

	TTE.23.L1.WD.66
	20.3
	132.7
	459.1
	197.6
	4278
	195.2
	0.99

	TTE.23.L1.WD.70
	20.1
	132.9
	455.9
	195.7
	4260
	193.6
	0.79

	TTE.23.L1.WD.74
	20.8
	132.1
	445.8
	192.1
	4214
	185.9
	0.61

	TTE.23.L1.WD.78
	20.9
	138.4
	434.3
	185.4
	4143
	189.6
	0.83

	TTE.23.L1.WD.82
	20.1
	131.4
	447.5
	193.8
	4237
	188.4
	0.78

	TTE.23.L1.WD.86
	20.7
	128.2
	434.7
	189.3
	4094
	181.6
	NM

	TTE.23.L1.WD.90
	20.5
	131.8
	436.0
	189.3
	3975
	178.6
	0.79
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Thermoplasmata	M1.WD.02	M1.WD.10	M1.WD.20	M1.WD.30	M1.WD.40	M1.WD.50	M1.WD.70	M1.WD.90	M2.WD.02	M2.WD.10	M2.WD.20	M2.WD.30	M2.WD.40	M2.WD.50	M2.WD.70	M2.WD.90	M3.WD.02	M3.WD.10	M3.WD.20	M3.WD.30	M3.WD.40	M3.WD.50	M3.WD.70	M3.WD.90	M4.WD.02	M4.WD.10	M4.WD.20	M4.WD.30	M4.WD.40	M4.WD.50	M4.WD.70	M4.WD.90	M5.WD.02	M5.WD.10	M5.WD.20	M5.WD.30	M5.WD.40	M5.WD.50	M5.WD.70	M5.WD.90	L1.WD.02	L1.WD.10	L1.WD.20	L1.WD.30	L1.WD.40	L1.WD.50	L1.WD.70	L1.WD.90	0.38095238095238093	0.82992024143134291	0.830690194326558	0.83451458711059834	0.86869317168835802	0.83084671671576549	0.86067815149029259	0.67259334518669034	0.42799999999999999	0.65372168284789645	0.89798009367681497	0.90324792184420255	0.8338686131386861	0.88454184438888073	0.86215999081831751	0.70897929455831854	0.38983050847457629	0.76367498672331391	0.89928850586231091	0.90405486885740127	0.88602601762484268	0.87683615819209038	0.88906056860321381	0.85623031938821414	0.76496783770410692	0.8670246367656349	0.90717020023557127	0.91001140901312039	0.86577615629045546	0.75397434491832038	0.66430083426721453	0.50659678293873123	0.5243161094224924	0.72910977607864558	0.81164705882352939	0.87634548048242766	0.87861142217245236	0.9275152916245244	0.69786623632777478	0.65229708092129568	0.83171521035598706	0.88223039215686272	0.84842066488626944	0.86060311284046698	0.88978417266187049	0.83123105505035688	0.67400816802800467	0.7618943454008531	Bathyarchaeia	M1.WD.02	M1.WD.10	M1.WD.20	M1.WD.30	M1.WD.40	M1.WD.50	M1.WD.70	M1.WD.90	M2.WD.02	M2.WD.10	M2.WD.20	M2.WD.30	M2.WD.40	M2.WD.50	M2.WD.70	M2.WD.90	M3.WD.02	M3.WD.10	M3.WD.20	M3.WD.30	M3.WD.40	M3.WD.50	M3.WD.70	M3.WD.90	M4.WD.02	M4.WD.10	M4.WD.20	M4.WD.30	M4.WD.40	M4.WD.50	M4.WD.70	M4.WD.90	M5.WD.02	M5.WD.10	M5.WD.20	M5.WD.30	M5.WD.40	M5.WD.50	M5.WD.70	M5.WD.90	L1.WD.02	L1.WD.10	L1.WD.20	L1.WD.30	L1.WD.40	L1.WD.50	L1.WD.70	L1.WD.90	0.37878787878787901	7.7387367967234319E-2	9.068572704936341E-2	8.2413054227789675E-2	6.4182563736851495E-2	9.6930533117932149E-2	8.4632212195788897E-2	0.2032004064008128	0.13200000000000001	0.17233009708737865	4.9473067915690866E-2	4.9104464821321449E-2	9.4598540145985399E-2	6.4200617737902629E-2	6.9092161138528632E-2	0.15492664655082719	0.27457627118644068	6.0541688794476897E-2	2.7157029762501252E-2	4.2734398552909253E-2	4.9853126311372217E-2	6.1619585687382294E-2	5.8405438813349815E-2	8.4570400359874037E-2	0.10341415141019297	4.6904611497157293E-2	3.4820376914016488E-2	4.1856816885339418E-2	6.5964458044015531E-2	0.12060081131454885	0.15801270078446022	0.24634014097234774	0.29635258358662614	0.11796832332058985	4.7764705882352938E-2	4.8696667098949556E-2	5.927584919746174E-2	3.5784809516929153E-2	0.1252465483234714	0.152235496982387	5.3937432578209279E-2	3.4558823529411767E-2	5.2675200294686433E-2	6.1381322957198441E-2	4.3021582733812951E-2	7.0890779309670485E-2	0.21353558926487748	0.12993546975828502	Archaea_unclassified	M1.WD.02	M1.WD.10	M1.WD.20	M1.WD.30	M1.WD.40	M1.WD.50	M1.WD.70	M1.WD.90	M2.WD.02	M2.WD.10	M2.WD.20	M2.WD.30	M2.WD.40	M2.WD.50	M2.WD.70	M2.WD.90	M3.WD.02	M3.WD.10	M3.WD.20	M3.WD.30	M3.WD.40	M3.WD.50	M3.WD.70	M3.WD.90	M4.WD.02	M4.WD.10	M4.WD.20	M4.WD.30	M4.WD.40	M4.WD.50	M4.WD.70	M4.WD.90	M5.WD.02	M5.WD.10	M5.WD.20	M5.WD.30	M5.WD.40	M5.WD.50	M5.WD.70	M5.WD.90	L1.WD.02	L1.WD.10	L1.WD.20	L1.WD.30	L1.WD.40	L1.WD.50	L1.WD.70	L1.WD.90	8.0086580086580081E-2	3.858590213408062E-2	2.8590574045119499E-2	4.104170100543926E-2	1.9789623818862543E-2	2.6038202033640597E-2	1.3398960896910036E-2	1.6256032512065022E-2	6.2E-2	7.5242718446601936E-2	1.9906323185011711E-2	2.399520095980804E-2	2.2579075425790754E-2	2.2135608177673186E-2	2.2724664294732008E-2	3.7457080428675474E-2	9.152542372881356E-2	0.10408921933085502	2.2346928549954907E-2	3.3237865541151643E-2	3.5249685270667228E-2	2.7796610169491524E-2	2.843016069221261E-2	2.9329734592892488E-2	3.3151904997525974E-2	3.3322804801010741E-2	2.9740871613663133E-2	2.0037079292641185E-2	2.736259856419913E-2	5.4818550597522199E-2	3.5487485991781843E-2	3.2351346466654621E-2	6.5349544072948323E-2	5.6799563080283999E-2	5.3058823529411762E-2	3.2161846712488652E-2	1.941022769690183E-2	1.9168713577036072E-2	2.3758292989062221E-2	3.4363837911072795E-2	2.2114347357065803E-2	2.4509803921568627E-2	5.3596095404733403E-2	3.2879377431906616E-2	2.5755395683453239E-2	4.9281314168377825E-2	2.5816802800466745E-2	2.9749535163513072E-2	Aenigmarchaeia	M1.WD.02	M1.WD.10	M1.WD.20	M1.WD.30	M1.WD.40	M1.WD.50	M1.WD.70	M1.WD.90	M2.WD.02	M2.WD.10	M2.WD.20	M2.WD.30	M2.WD.40	M2.WD.50	M2.WD.70	M2.WD.90	M3.WD.02	M3.WD.10	M3.WD.20	M3.WD.30	M3.WD.40	M3.WD.50	M3.WD.70	M3.WD.90	M4.WD.02	M4.WD.10	M4.WD.20	M4.WD.30	M4.WD.40	M4.WD.50	M4.WD.70	M4.WD.90	M5.WD.02	M5.WD.10	M5.WD.20	M5.WD.30	M5.WD.40	M5.WD.50	M5.WD.70	M5.WD.90	L1.WD.02	L1.WD.10	L1.WD.20	L1.WD.30	L1.WD.40	L1.WD.50	L1.WD.70	L1.WD.90	7.575757575757576E-2	2.1340806208234534E-2	1.1168192986374805E-2	1.285643645953519E-2	1.4975931538598681E-2	1.6345148721847381E-2	2.0030079299972654E-2	6.1214122428244859E-2	4.3999999999999997E-2	3.3171521035598707E-2	7.3185011709601877E-3	5.5703145085268663E-3	1.8102189781021898E-2	5.7361376673040155E-3	1.6584414093882702E-2	6.5862033087087712E-2	7.4576271186440682E-2	1.9649495485926712E-2	1.453051407956709E-2	4.6728971962616819E-3	1.1330255979857323E-2	1.6045197740112996E-2	6.5667490729295428E-3	1.2325686009896536E-2	2.6719445818901535E-2	1.5003158559696778E-2	1.1042402826855124E-2	1.1409013120365089E-2	2.0830881487583854E-2	4.7034316412674047E-2	0.10708504544888557	0.14549069221037411	5.3191489361702128E-2	3.0038230475150193E-2	1.6352941176470587E-2	1.7312929581117884E-2	1.2243374393430385E-2	6.3093001974666475E-3	0.13197059350905505	0.13831752678901343	5.3937432578209273E-4	8.8235294117647058E-3	5.9858182153052766E-3	1.1673151750972763E-2	1.2302158273381296E-2	1.3689253935660506E-2	4.6820303383897317E-2	4.5936782237777536E-2	Thermococci	M1.WD.02	M1.WD.10	M1.WD.20	M1.WD.30	M1.WD.40	M1.WD.50	M1.WD.70	M1.WD.90	M2.WD.02	M2.WD.10	M2.WD.20	M2.WD.30	M2.WD.40	M2.WD.50	M2.WD.70	M2.WD.90	M3.WD.02	M3.WD.10	M3.WD.20	M3.WD.30	M3.WD.40	M3.WD.50	M3.WD.70	M3.WD.90	M4.WD.02	M4.WD.10	M4.WD.20	M4.WD.30	M4.WD.40	M4.WD.50	M4.WD.70	M4.WD.90	M5.WD.02	M5.WD.10	M5.WD.20	M5.WD.30	M5.WD.40	M5.WD.50	M5.WD.70	M5.WD.90	L1.WD.02	L1.WD.10	L1.WD.20	L1.WD.30	L1.WD.40	L1.WD.50	L1.WD.70	L1.WD.90	4.3290043290043288E-2	7.3291657684845871E-3	8.7111905293723469E-3	1.1867479808801713E-2	1.6313068283116419E-2	1.4254490164401787E-2	1.0801203171998907E-2	3.1877063754127508E-2	1.2E-2	5.6634304207119745E-3	4.537470725995316E-3	3.6849772902562343E-3	1.1386861313868613E-2	1.0810413296072952E-2	1.2682199012969127E-2	2.0393299344501091E-2	2.3728813559322035E-2	1.168348380244291E-2	1.4129672311854895E-2	4.5975278866445587E-3	4.867813680234998E-3	7.8342749529190202E-3	1.0738566131025957E-2	8.7269455690508323E-3	7.4220682830282037E-3	8.2122552116234999E-3	5.0058892815076561E-3	8.3428408442669712E-3	1.0062374955866777E-2	9.8673391075539962E-3	2.2537666542149171E-2	4.6629315018977047E-2	6.0790273556231003E-3	2.0207536865101038E-2	3.4352941176470586E-2	9.9857346647646214E-3	1.2616648002986189E-2	3.4195443818330683E-3	9.055047516585979E-3	8.0059120581352384E-3	5.9331175836030208E-3	1.5563725490196079E-2	8.7485035454461738E-3	1.0797665369649805E-2	5.5395683453237409E-3	9.5824777549623538E-3	1.589848308051342E-2	1.0062342775894127E-2	Thermoplasmatota_unclassified	M1.WD.02	M1.WD.10	M1.WD.20	M1.WD.30	M1.WD.40	M1.WD.50	M1.WD.70	M1.WD.90	M2.WD.02	M2.WD.10	M2.WD.20	M2.WD.30	M2.WD.40	M2.WD.50	M2.WD.70	M2.WD.90	M3.WD.02	M3.WD.10	M3.WD.20	M3.WD.30	M3.WD.40	M3.WD.50	M3.WD.70	M3.WD.90	M4.WD.02	M4.WD.10	M4.WD.20	M4.WD.30	M4.WD.40	M4.WD.50	M4.WD.70	M4.WD.90	M5.WD.02	M5.WD.10	M5.WD.20	M5.WD.30	M5.WD.40	M5.WD.50	M5.WD.70	M5.WD.90	L1.WD.02	L1.WD.10	L1.WD.20	L1.WD.30	L1.WD.40	L1.WD.50	L1.WD.70	L1.WD.90	8.658008658008658E-3	1.2502694546238414E-2	1.2955103864194774E-2	4.7799571452118014E-3	7.2205384203957923E-3	3.8962273116031551E-3	2.93956795187312E-3	1.651003302006604E-3	2.1999999999999999E-2	1.7799352750809062E-2	1.288056206088993E-2	6.7700745565172681E-3	5.1581508515815087E-3	5.0007354022650391E-3	3.9022150809135776E-3	1.5607116845281449E-3	2.0338983050847456E-2	9.0281465746149762E-3	1.5432408056919531E-2	2.7132951462164605E-3	3.3571128829206882E-3	2.1092278719397365E-3	1.9313967861557479E-3	1.5294646873594243E-3	4.00791687283523E-2	2.0214782059380921E-2	6.3309776207302708E-3	3.7792355961209357E-3	3.7071907732140756E-3	2.0831049227058437E-3	1.8677624206200972E-3	1.626604012289897E-3	1.5197568389057751E-2	2.5669033315128344E-2	1.7647058823529412E-2	8.4295162754506551E-3	8.1373646883165368E-3	3.226893994124163E-3	2.1516944593867669E-3	1.4780145338095824E-3	6.5264293419633232E-2	2.7450980392156862E-2	1.8417902200939314E-2	1.0408560311284046E-2	1.1223021582733812E-2	7.2357485088491245E-3	3.5005834305717621E-3	3.6093186043968063E-3	Other	M1.WD.02	M1.WD.10	M1.WD.20	M1.WD.30	M1.WD.40	M1.WD.50	M1.WD.70	M1.WD.90	M2.WD.02	M2.WD.10	M2.WD.20	M2.WD.30	M2.WD.40	M2.WD.50	M2.WD.70	M2.WD.90	M3.WD.02	M3.WD.10	M3.WD.20	M3.WD.30	M3.WD.40	M3.WD.50	M3.WD.70	M3.WD.90	M4.WD.02	M4.WD.10	M4.WD.20	M4.WD.30	M4.WD.40	M4.WD.50	M4.WD.70	M4.WD.90	M5.WD.02	M5.WD.10	M5.WD.20	M5.WD.30	M5.WD.40	M5.WD.50	M5.WD.70	M5.WD.90	L1.WD.02	L1.WD.10	L1.WD.20	L1.WD.30	L1.WD.40	L1.WD.50	L1.WD.70	L1.WD.90	2.1645021645021644E-2	8.8381116619961168E-3	1.4071923162832255E-2	1.0548870941157079E-2	8.1119629167409509E-3	1.035826285279863E-2	7.2463768115942004E-3	9.6520193040386081E-3	0.24000000000000002	1.2944983818770229E-2	5.2693208430913347E-3	6.1701945325220667E-3	1.177615571776156E-2	7.2069421973819684E-3	1.2223114885802825E-2	9.9885547809801297E-3	1.6949152542372881E-2	1.6994158258098781E-2	5.0105220964024449E-3	7.3108230328610205E-3	7.6374318086445655E-3	7.0056497175141254E-3	4.4808405438813356E-3	7.1075123706702634E-3	1.2370113805047003E-2	6.6329753632343637E-3	5.3003533568904589E-3	3.6366229321163719E-3	5.4725197128398257E-3	1.0305887512334175E-2	9.5878470925164997E-3	1.8073377914332188E-2	2.2796352583586626E-2	1.5292190060076462E-2	1.7882352941176471E-2	6.0303462585916227E-3	7.9134005225830525E-3	3.9011703511053304E-3	8.0688542227003758E-3	1.1700948392659193E-2	8.0906148867313926E-3	5.6372549019607834E-3	1.0590293765540108E-2	1.0700389105058366E-2	1.0143884892086331E-2	1.5351520484990711E-2	1.8086347724620776E-2	1.7937219730941704E-2	



Anaerolineae	M01.WD.02	M01.WD.10	M01.WD.20	M01.WD.30	M01.WD.40	M01.WD.50	M01.WD.70	M01.WD.90	M02.WD.02	M02.WD.10	M02.WD.20	M02.WD.30	M02.WD.40	M02.WD.50	M02.WD.70	M02.WD.90	M03.WD.02	M03.WD.10	M03.WD.20	M03.WD.30	M03.WD.40	M03.WD.50	M03.WD.70	M03.WD.90	M04.WD.02	M04.WD.10	M04.WD.20	M04.WD.30	M04.WD.40	M04.WD.50	M04.WD.70	M04.WD.90	M05.WD.02	M05.WD.10	M05.WD.20	M05.WD.30	M05.WD.40	M05.WD.50	M05.WD.70	M05.WD.90	L1.WD.02	L1.WD.10	L1.WD.20	L1.WD.30	L1.WD.40	L1.WD.50	L1.WD.70	L1.WD.90	9.4260799766491529E-2	0.16786700214939848	0.19845890759552939	0.24872195319258902	0.24928339293075513	0.24213143352589078	0.27942813003233791	0.20985307263273195	4.0375676841247786E-2	9.3748652540984315E-2	0.15610018228370931	0.23316530461569795	0.19003829686282042	0.33322262145596182	0.30605219443958737	0.18076042143838755	5.0333565667629192E-2	9.5858010033908328E-2	0.15457519309404816	0.22757999517150446	0.21245255630778018	0.26466434120139526	0.2689511150404707	0.25128848242005292	9.2229093842430762E-2	0.18516798999450457	0.2415309823288834	0.31602365762164236	0.25375085183157753	0.21489780779167625	0.20433978245363765	0.15168068233546564	7.7892143526495566E-2	0.11166374947530155	0.13277631108145482	0.27339442301811978	0.27922587216704864	0.33800818992050957	0.18329639566079553	0.17062894974420703	7.9799311869751019E-2	0.14565967023732482	0.1909171117667707	0.24401872613034373	0.28469861733678209	0.29911254281312472	0.20542352542196018	0.20089825771375336	Dehalococcoidia	M01.WD.02	M01.WD.10	M01.WD.20	M01.WD.30	M01.WD.40	M01.WD.50	M01.WD.70	M01.WD.90	M02.WD.02	M02.WD.10	M02.WD.20	M02.WD.30	M02.WD.40	M02.WD.50	M02.WD.70	M02.WD.90	M03.WD.02	M03.WD.10	M03.WD.20	M03.WD.30	M03.WD.40	M03.WD.50	M03.WD.70	M03.WD.90	M04.WD.02	M04.WD.10	M04.WD.20	M04.WD.30	M04.WD.40	M04.WD.50	M04.WD.70	M04.WD.90	M05.WD.02	M05.WD.10	M05.WD.20	M05.WD.30	M05.WD.40	M05.WD.50	M05.WD.70	M05.WD.90	L1.WD.02	L1.WD.10	L1.WD.20	L1.WD.30	L1.WD.40	L1.WD.50	L1.WD.70	L1.WD.90	5.3177904261529482E-3	2.848207646154003E-2	2.1925449400460088E-2	5.4425131737132454E-2	5.4126602180019363E-2	0.10799235341432585	0.17944253151961875	0.17870497437898952	4.9067995591547267E-3	6.8644952095137076E-3	2.8406756087538326E-2	5.3909213574683673E-2	9.8408251335871388E-2	8.0588182010326401E-2	0.12931675118027627	0.18930371049015116	3.5845862790002988E-3	1.2316021915681909E-2	3.6365288505224899E-2	5.3763440860215055E-2	8.0847620973978851E-2	0.12007532795480323	0.12799719525021722	0.20390903390582227	8.8637498559520616E-3	2.3962024596842962E-2	6.3089083152359643E-2	7.9693874756989136E-2	0.12070872387251014	0.16054025017266518	0.17502897646219687	0.2170991159347373	4.1564644357788456E-3	1.2774922186230329E-2	3.3227924608585493E-2	5.2445724544046717E-2	6.5872167048637631E-2	9.277895243957926E-2	0.20073486527469964	0.23443829718280515	4.273546647100235E-3	2.2814863468206974E-2	5.6580682497367349E-2	9.0673894295922139E-2	0.10725458066438254	0.14745540432141993	0.31471578013721857	0.28994535367159363	Bacteria_unclassified	M01.WD.02	M01.WD.10	M01.WD.20	M01.WD.30	M01.WD.40	M01.WD.50	M01.WD.70	M01.WD.90	M02.WD.02	M02.WD.10	M02.WD.20	M02.WD.30	M02.WD.40	M02.WD.50	M02.WD.70	M02.WD.90	M03.WD.02	M03.WD.10	M03.WD.20	M03.WD.30	M03.WD.40	M03.WD.50	M03.WD.70	M03.WD.90	M04.WD.02	M04.WD.10	M04.WD.20	M04.WD.30	M04.WD.40	M04.WD.50	M04.WD.70	M04.WD.90	M05.WD.02	M05.WD.10	M05.WD.20	M05.WD.30	M05.WD.40	M05.WD.50	M05.WD.70	M05.WD.90	L1.WD.02	L1.WD.10	L1.WD.20	L1.WD.30	L1.WD.40	L1.WD.50	L1.WD.70	L1.WD.90	7.7796628721541153E-2	8.5446229384620084E-2	7.1883715722399794E-2	7.9323168881947806E-2	9.4285358207667452E-2	9.1863489642637033E-2	8.8595331299668761E-2	9.5937149835698191E-2	7.7167089942019262E-2	8.0062780810458867E-2	9.1257757594276498E-2	8.3543369230377557E-2	8.9585286774590767E-2	8.2017371700031205E-2	0.10744885469487672	9.7056802565277142E-2	7.4340336552822864E-2	8.6424657913944922E-2	8.0963198546115403E-2	7.9883744684012103E-2	9.3269242209715997E-2	9.5433242740054353E-2	9.8516836120299378E-2	0.11590989034517564	7.1831905658203049E-2	8.3748649826609317E-2	9.4881659740059313E-2	0.10496700528463077	0.11882072994983969	0.1111580078274883	9.2089425820256782E-2	9.9666978125973305E-2	6.9889060185605034E-2	8.0158082732075114E-2	8.8475635111742917E-2	9.5885816869038576E-2	0.10216450216450217	0.10066108181891176	0.11214277382479879	0.10082409315030441	6.5729328825121711E-2	9.0892406958436769E-2	0.11031525420512869	0.12657385733645435	0.14021640507563343	0.14779918257171595	0.10356611796624318	0.11564720441620201	Gammaproteobacteria	M01.WD.02	M01.WD.10	M01.WD.20	M01.WD.30	M01.WD.40	M01.WD.50	M01.WD.70	M01.WD.90	M02.WD.02	M02.WD.10	M02.WD.20	M02.WD.30	M02.WD.40	M02.WD.50	M02.WD.70	M02.WD.90	M03.WD.02	M03.WD.10	M03.WD.20	M03.WD.30	M03.WD.40	M03.WD.50	M03.WD.70	M03.WD.90	M04.WD.02	M04.WD.10	M04.WD.20	M04.WD.30	M04.WD.40	M04.WD.50	M04.WD.70	M04.WD.90	M05.WD.02	M05.WD.10	M05.WD.20	M05.WD.30	M05.WD.40	M05.WD.50	M05.WD.70	M05.WD.90	L1.WD.02	L1.WD.10	L1.WD.20	L1.WD.30	L1.WD.40	L1.WD.50	L1.WD.70	L1.WD.90	0.26307100116754234	0.1797752808988764	0.17525091101565521	0.14219745401840386	6.5851156637363267E-2	0.105213676106509	4.461842604836281E-2	1.3257456532413411E-2	0.30955005031386268	0.25139057770418854	0.18528664903537148	0.12259731663229716	9.5256385634722496E-2	8.2510542790140598E-2	6.7079034796293055E-2	1.8369216674301421E-2	0.29658468585084136	0.28470983895854313	0.22859609268514311	0.13849425223317918	0.14180161100336716	6.9464358321385006E-2	0.1358626892062863	5.8115527551348127E-2	0.22776860139054278	0.14407534441265088	0.10343611169292163	5.3380246981188907E-2	5.4304961290538807E-2	2.6986928606144323E-2	1.2404154778887304E-2	1.2015141713984523E-2	0.28723436413651343	0.22195734300626471	0.23326273849932791	7.197601128416567E-2	6.5352686529157114E-2	3.1742633086208283E-2	1.0626385162720168E-2	1.2048890020602328E-2	0.19877445390816337	0.13246529957789605	8.0469039058127065E-2	5.1028705186645311E-2	4.5122760451227602E-2	2.3173200575510255E-2	6.4044035165523178E-3	5.7149213676877513E-3	Desulfobacteria	M01.WD.02	M01.WD.10	M01.WD.20	M01.WD.30	M01.WD.40	M01.WD.50	M01.WD.70	M01.WD.90	M02.WD.02	M02.WD.10	M02.WD.20	M02.WD.30	M02.WD.40	M02.WD.50	M02.WD.70	M02.WD.90	M03.WD.02	M03.WD.10	M03.WD.20	M03.WD.30	M03.WD.40	M03.WD.50	M03.WD.70	M03.WD.90	M04.WD.02	M04.WD.10	M04.WD.20	M04.WD.30	M04.WD.40	M04.WD.50	M04.WD.70	M04.WD.90	M05.WD.02	M05.WD.10	M05.WD.20	M05.WD.30	M05.WD.40	M05.WD.50	M05.WD.70	M05.WD.90	L1.WD.02	L1.WD.10	L1.WD.20	L1.WD.30	L1.WD.40	L1.WD.50	L1.WD.70	L1.WD.90	5.8741973146526565E-2	0.11966343068444589	9.130514443924187E-2	7.8368144893992339E-2	0.10067969821016	8.9178827732453073E-2	7.0095966274335245E-2	6.4033640953328211E-2	2.6604053859792035E-2	0.10010434722617477	0.10951773841760881	7.9762723083581552E-2	9.6160146409245473E-2	8.9334420322674801E-2	6.229235880398671E-2	7.8389830508474576E-2	4.5942447475853826E-2	7.4274943871092916E-2	8.8705134029986366E-2	9.7554181291436851E-2	9.3887943650576469E-2	0.10324423805345717	6.2298980229562671E-2	5.5286218973190387E-2	8.4959474513117972E-2	0.11165223323416271	0.10548653445481905	0.10420032310177706	0.10423067040541598	9.5758831504361389E-2	7.3945702567760341E-2	9.7438846163060922E-2	7.4075753453644089E-2	9.3463643347615685E-2	9.1067335867010935E-2	0.11608684072952526	0.11133180544945251	8.788105880148811E-2	0.10432753995100898	0.11657677261047709	0.11222274002756487	0.10355552550493098	8.9159164002390739E-2	8.5228532709128987E-2	7.6269924028005365E-2	7.0385413616165224E-2	7.4896303446116919E-2	6.731370885882336E-2	Bacteroidia	M01.WD.02	M01.WD.10	M01.WD.20	M01.WD.30	M01.WD.40	M01.WD.50	M01.WD.70	M01.WD.90	M02.WD.02	M02.WD.10	M02.WD.20	M02.WD.30	M02.WD.40	M02.WD.50	M02.WD.70	M02.WD.90	M03.WD.02	M03.WD.10	M03.WD.20	M03.WD.30	M03.WD.40	M03.WD.50	M03.WD.70	M03.WD.90	M04.WD.02	M04.WD.10	M04.WD.20	M04.WD.30	M04.WD.40	M04.WD.50	M04.WD.70	M04.WD.90	M05.WD.02	M05.WD.10	M05.WD.20	M05.WD.30	M05.WD.40	M05.WD.50	M05.WD.70	M05.WD.90	L1.WD.02	L1.WD.10	L1.WD.20	L1.WD.30	L1.WD.40	L1.WD.50	L1.WD.70	L1.WD.90	9.2646307647402212E-2	5.797263846302729E-2	5.4722012988334928E-2	4.3571565003426849E-2	3.9152150779879401E-2	3.6143697312204244E-2	4.6307327738573732E-2	4.5211326123358556E-2	7.868129761847717E-2	7.2103070912995115E-2	5.0249191313601733E-2	2.6120827923317803E-2	2.8988126842824705E-2	4.1275400827319668E-2	4.1845165238678088E-2	3.4860284012826384E-2	8.7065617843273921E-2	2.0123252612419502E-2	2.8187187641980919E-2	2.6036733708470296E-2	2.8257998500838818E-2	2.7531083481349913E-2	2.2468484672957031E-2	3.167296251548473E-2	0.10917873468290247	5.6290386765458299E-2	3.1748481474540582E-2	2.9873223624763835E-2	3.3335940031056943E-2	4.1567544061596705E-2	4.4322842368045651E-2	4.4790244136179595E-2	8.3083945467186601E-2	4.7242660161725923E-2	4.9097256471998994E-2	5.0561742338307965E-2	4.152788388082506E-2	3.001632631212697E-2	4.4885104397527117E-2	3.2454454964235283E-2	0.14626238188254193	6.2117860696036857E-2	3.2341305605889555E-2	3.3386719231243069E-2	2.0787346126240808E-2	1.722711009816779E-2	1.6800146088226855E-2	1.9216596910327184E-2	Phycisphaerae	M01.WD.02	M01.WD.10	M01.WD.20	M01.WD.30	M01.WD.40	M01.WD.50	M01.WD.70	M01.WD.90	M02.WD.02	M02.WD.10	M02.WD.20	M02.WD.30	M02.WD.40	M02.WD.50	M02.WD.70	M02.WD.90	M03.WD.02	M03.WD.10	M03.WD.20	M03.WD.30	M03.WD.40	M03.WD.50	M03.WD.70	M03.WD.90	M04.WD.02	M04.WD.10	M04.WD.20	M04.WD.30	M04.WD.40	M04.WD.50	M04.WD.70	M04.WD.90	M05.WD.02	M05.WD.10	M05.WD.20	M05.WD.30	M05.WD.40	M05.WD.50	M05.WD.70	M05.WD.90	L1.WD.02	L1.WD.10	L1.WD.20	L1.WD.30	L1.WD.40	L1.WD.50	L1.WD.70	L1.WD.90	1.5734457092819613E-2	2.5110271272423525E-2	1.8016734187007593E-2	2.0549869105535769E-2	3.7800423732875725E-2	4.2954590562943311E-2	4.0860947094172637E-2	6.4247673964772684E-2	1.156739661699171E-2	1.5764192516320424E-2	2.1062724561939583E-2	2.7330125512360293E-2	3.0773054372507599E-2	3.2629809676218084E-2	5.0238240951215249E-2	8.1905634448007331E-2	1.4895947426067908E-2	2.0308039137786074E-2	2.3407542026351657E-2	3.3808754433858897E-2	4.7651909050888196E-2	6.4435361338783192E-2	5.4509702300199685E-2	7.9893556823221745E-2	1.4875350516651942E-2	1.8542381232116125E-2	2.7394089050081026E-2	4.025081459981928E-2	4.5546456939215531E-2	5.9588673163993557E-2	7.0825160485021396E-2	7.0162198423536742E-2	1.4456939028445331E-2	1.6125072269786083E-2	2.9591807131045287E-2	3.3941271046843094E-2	4.1364909600203718E-2	4.7573802960147737E-2	7.6542633850460742E-2	6.2408852056760576E-2	1.6776893101841293E-2	2.2370543519207177E-2	2.997903365051657E-2	3.5444129604533692E-2	4.6625949649932968E-2	5.3922255185321941E-2	7.6005008739206431E-2	8.2817692617878941E-2	Alphaproteobacteria	M01.WD.02	M01.WD.10	M01.WD.20	M01.WD.30	M01.WD.40	M01.WD.50	M01.WD.70	M01.WD.90	M02.WD.02	M02.WD.10	M02.WD.20	M02.WD.30	M02.WD.40	M02.WD.50	M02.WD.70	M02.WD.90	M03.WD.02	M03.WD.10	M03.WD.20	M03.WD.30	M03.WD.40	M03.WD.50	M03.WD.70	M03.WD.90	M04.WD.02	M04.WD.10	M04.WD.20	M04.WD.30	M04.WD.40	M04.WD.50	M04.WD.70	M04.WD.90	M05.WD.02	M05.WD.10	M05.WD.20	M05.WD.30	M05.WD.40	M05.WD.50	M05.WD.70	M05.WD.90	L1.WD.02	L1.WD.10	L1.WD.20	L1.WD.30	L1.WD.40	L1.WD.50	L1.WD.70	L1.WD.90	5.1134705195563339E-2	4.4954006947344832E-2	4.6008835325013743E-2	2.617889284630855E-2	2.1483832002377506E-2	1.6964556195092396E-2	7.1745591181052882E-3	6.0181046747327738E-3	0.15350040730269779	4.8680999318724723E-2	2.5551329195949719E-2	1.6751953970314926E-2	1.8267264655045811E-2	1.7854806405185341E-2	1.5081307920965204E-2	1.6548327989005955E-2	5.8986358657771583E-2	2.5380429259098426E-2	2.6905951840072693E-2	2.3455345701710401E-2	2.0429045653027472E-2	6.0454963727021764E-3	8.7343566605185743E-3	7.600899261321058E-3	4.1399377712902856E-2	3.1238748555077599E-2	2.1099511646621764E-2	7.3382437501711348E-3	1.0847586384100633E-2	1.860946972603791E-2	2.6702924393723251E-2	2.0520376626176957E-2	3.220882077325353E-2	2.5019205943150408E-2	4.1854033092537254E-2	1.6344285418372278E-2	1.6022408963585436E-2	1.0732542890024892E-2	4.1992301411407909E-3	7.3149841431514621E-3	4.0980436873469306E-2	2.085406021501222E-2	2.4609371294126575E-2	5.1250461993347296E-3	4.861665966984007E-3	3.030341613720572E-3	3.9782954634388122E-3	5.1587246409054884E-3	Spirochaetia	M01.WD.02	M01.WD.10	M01.WD.20	M01.WD.30	M01.WD.40	M01.WD.50	M01.WD.70	M01.WD.90	M02.WD.02	M02.WD.10	M02.WD.20	M02.WD.30	M02.WD.40	M02.WD.50	M02.WD.70	M02.WD.90	M03.WD.02	M03.WD.10	M03.WD.20	M03.WD.30	M03.WD.40	M03.WD.50	M03.WD.70	M03.WD.90	M04.WD.02	M04.WD.10	M04.WD.20	M04.WD.30	M04.WD.40	M04.WD.50	M04.WD.70	M04.WD.90	M05.WD.02	M05.WD.10	M05.WD.20	M05.WD.30	M05.WD.40	M05.WD.50	M05.WD.70	M05.WD.90	L1.WD.02	L1.WD.10	L1.WD.20	L1.WD.30	L1.WD.40	L1.WD.50	L1.WD.70	L1.WD.90	8.4920461179217744E-3	1.8519461733576457E-2	2.340139655137314E-2	2.2145320944237833E-2	2.5069264027763133E-2	2.516478809973989E-2	2.7336641311320877E-2	2.8680423533559117E-2	5.2518089031577935E-3	8.6927276019972584E-3	1.5499383607110118E-2	2.1003589704422211E-2	2.1622476530462387E-2	2.7929587245991726E-2	2.1791397097394648E-2	2.5034356390288594E-2	4.3413322712336951E-3	3.7326878124047196E-3	1.2457973648341662E-2	3.145950563634E-2	2.5902173783716256E-2	2.2823086306148217E-2	1.9907626175632211E-2	2.1456864514353007E-2	1.0496293166365767E-2	1.8125485588675598E-2	2.8143705973785457E-2	2.7518414063141754E-2	2.652128741076715E-2	3.2128514056224897E-2	2.4329083452211128E-2	2.4281846714104317E-2	4.6552401680723075E-3	6.858699698248893E-3	1.8644772597599776E-2	3.3487537112476699E-2	2.8082505729564552E-2	3.5302304418810056E-2	3.121427738247988E-2	2.3495914257274472E-2	1.1521719730697154E-2	1.8603483082034987E-2	2.966596146365991E-2	2.7510163853640506E-2	2.0909226331541242E-2	2.473930149352551E-2	1.9526256750058694E-2	1.9133167401309843E-2	Campylobacteria	M01.WD.02	M01.WD.10	M01.WD.20	M01.WD.30	M01.WD.40	M01.WD.50	M01.WD.70	M01.WD.90	M02.WD.02	M02.WD.10	M02.WD.20	M02.WD.30	M02.WD.40	M02.WD.50	M02.WD.70	M02.WD.90	M03.WD.02	M03.WD.10	M03.WD.20	M03.WD.30	M03.WD.40	M03.WD.50	M03.WD.70	M03.WD.90	M04.WD.02	M04.WD.10	M04.WD.20	M04.WD.30	M04.WD.40	M04.WD.50	M04.WD.70	M04.WD.90	M05.WD.02	M05.WD.10	M05.WD.20	M05.WD.30	M05.WD.40	M05.WD.50	M05.WD.70	M05.WD.90	L1.WD.02	L1.WD.10	L1.WD.20	L1.WD.30	L1.WD.40	L1.WD.50	L1.WD.70	L1.WD.90	3.0611500291885581E-2	4.3059276538959121E-2	4.5001119684045521E-2	5.1773535723514938E-2	3.4253338574071764E-2	7.6048010529724533E-3	1.0866576766473339E-3	1.6367230286930138E-3	4.6192917724855046E-3	2.5759104511077192E-2	7.011073998756677E-2	0.1042159932788513	0.11953365944034613	5.1732640880863953E-3	2.7321210001748559E-3	3.8822721026110858E-3	2.2353878323210195E-2	4.0874779411085346E-2	7.9236710586097228E-2	3.8284398388025331E-2	1.8525348911918333E-2	1.7333989599606239E-3	3.9632333887169792E-4	3.5175187728447551E-4	9.2421157761302955E-2	8.8599799132099075E-2	4.390770892815804E-2	5.1340324744667456E-3	4.1446493805369052E-3	9.8483104392090666E-4	2.3181169757489303E-3	4.4323055176214094E-4	1.871164716906986E-2	0.10600888621369681	2.51143539605636E-2	7.3287894181355484E-3	7.0893812070282657E-3	8.0293338329363276E-4	5.0157471130292776E-4	1.6551309058080049E-3	3.1471547698134907E-2	0.11156294371625342	7.63137173053023E-2	1.479610693606012E-2	5.9044188345543924E-3	9.0400947300067487E-4	1.7087105105261784E-3	1.1123934535645257E-3	Planctomycetes	M01.WD.02	M01.WD.10	M01.WD.20	M01.WD.30	M01.WD.40	M01.WD.50	M01.WD.70	M01.WD.90	M02.WD.02	M02.WD.10	M02.WD.20	M02.WD.30	M02.WD.40	M02.WD.50	M02.WD.70	M02.WD.90	M03.WD.02	M03.WD.10	M03.WD.20	M03.WD.30	M03.WD.40	M03.WD.50	M03.WD.70	M03.WD.90	M04.WD.02	M04.WD.10	M04.WD.20	M04.WD.30	M04.WD.40	M04.WD.50	M04.WD.70	M04.WD.90	M05.WD.02	M05.WD.10	M05.WD.20	M05.WD.30	M05.WD.40	M05.WD.50	M05.WD.70	M05.WD.90	L1.WD.02	L1.WD.10	L1.WD.20	L1.WD.30	L1.WD.40	L1.WD.50	L1.WD.70	L1.WD.90	3.5208698190309397E-2	1.9782615339166931E-2	3.780460495511085E-2	2.6493488983517409E-2	4.1117427692189699E-2	3.5861651119305539E-2	2.7480656184129561E-2	5.1670086998124067E-2	6.049163831520437E-2	2.8320354608094241E-2	2.1663312505926853E-2	2.9672344000611015E-2	2.5757182073905038E-2	2.0552150326600037E-2	1.7092148977093897E-2	2.439303710490151E-2	2.5659663447177138E-2	2.094555265030074E-2	1.6646978646069968E-2	2.6259587349341654E-2	2.0619415327138388E-2	1.9313488411906953E-2	1.5014557261100864E-2	1.4421826968663495E-2	2.1847270771712828E-2	2.3204032517860188E-2	2.3513719092081619E-2	2.3589167876016538E-2	1.9058684213466199E-2	2.7767119433146598E-2	2.807373395149786E-2	2.4389659551019429E-2	2.0797436595024334E-2	1.89921037833728E-2	2.0530525012813446E-2	2.1591817007131513E-2	2.4354469060351415E-2	1.834702780825951E-2	2.145106730432754E-2	1.7836061019931015E-2	2.1020693484576563E-2	2.1607472302446657E-2	2.2142741943134706E-2	2.4307009979056302E-2	1.4056850344650136E-2	1.3229096372502833E-2	8.817467977982418E-3	1.3348721442774309E-2	Calditrichia	M01.WD.02	M01.WD.10	M01.WD.20	M01.WD.30	M01.WD.40	M01.WD.50	M01.WD.70	M01.WD.90	M02.WD.02	M02.WD.10	M02.WD.20	M02.WD.30	M02.WD.40	M02.WD.50	M02.WD.70	M02.WD.90	M03.WD.02	M03.WD.10	M03.WD.20	M03.WD.30	M03.WD.40	M03.WD.50	M03.WD.70	M03.WD.90	M04.WD.02	M04.WD.10	M04.WD.20	M04.WD.30	M04.WD.40	M04.WD.50	M04.WD.70	M04.WD.90	M05.WD.02	M05.WD.10	M05.WD.20	M05.WD.30	M05.WD.40	M05.WD.50	M05.WD.70	M05.WD.90	L1.WD.02	L1.WD.10	L1.WD.20	L1.WD.30	L1.WD.40	L1.WD.50	L1.WD.70	L1.WD.90	8.336981903093987E-3	1.7826764595026842E-2	1.6408460739805786E-2	1.9774614338842512E-2	2.0266318988409658E-2	2.2114510754316873E-2	1.9638391746638562E-2	1.0500207737922873E-2	5.9705783698308498E-3	1.2297449960761993E-2	1.6194801226463801E-2	1.4600677206649863E-2	1.7239236774025914E-2	1.9827490765622957E-2	1.9354345165238679E-2	1.1016949152542373E-2	7.8661754455839894E-3	9.57194201398834E-3	1.3348477964561564E-2	1.3974780396308058E-2	2.3463062334170167E-2	2.2651886408868154E-2	1.5106016493148178E-2	1.7572300304341842E-2	1.0025736565128875E-2	1.4401849500672718E-2	2.3160958186808946E-2	2.491717094274527E-2	2.4063543842793782E-2	2.2779014145754995E-2	9.0495720399429384E-3	1.0829200507918253E-2	1.0504519210422902E-2	9.7653310946199598E-3	1.4496117284129702E-2	2.7056351781892071E-2	2.5912910618792973E-2	2.3472419238283863E-2	2.0062988452117111E-2	1.06715433227621E-2	1.2543008140561014E-2	1.8217117908991682E-2	1.7854601686794994E-2	2.8532709128988542E-2	2.2249908589846025E-2	1.9060594099746624E-2	1.6421881929408081E-2	2.1719482180847367E-2	WCHB1-81	M01.WD.02	M01.WD.10	M01.WD.20	M01.WD.30	M01.WD.40	M01.WD.50	M01.WD.70	M01.WD.90	M02.WD.02	M02.WD.10	M02.WD.20	M02.WD.30	M02.WD.40	M02.WD.50	M02.WD.70	M02.WD.90	M03.WD.02	M03.WD.10	M03.WD.20	M03.WD.30	M03.WD.40	M03.WD.50	M03.WD.70	M03.WD.90	M04.WD.02	M04.WD.10	M04.WD.20	M04.WD.30	M04.WD.40	M04.WD.50	M04.WD.70	M04.WD.90	M05.WD.02	M05.WD.10	M05.WD.20	M05.WD.30	M05.WD.40	M05.WD.50	M05.WD.70	M05.WD.90	L1.WD.02	L1.WD.10	L1.WD.20	L1.WD.30	L1.WD.40	L1.WD.50	L1.WD.70	L1.WD.90	1.2131494454173963E-3	3.5144193058767202E-3	4.0410415097412514E-3	4.8650045504084133E-3	4.6399708563813983E-3	6.1423393120162125E-3	1.9350362001021196E-2	0.101225024236091	2.0221380995735301E-3	1.7764899662811855E-3	2.4971814513154982E-3	3.6278927671274728E-3	5.2531095019148428E-3	4.025886449872681E-3	8.6553593285539424E-3	8.4436555199267058E-2	8.2644628099173552E-4	9.4241127936950842E-4	2.4443434802362564E-3	3.8627964417702007E-3	7.0793722559996195E-3	4.8791970724817568E-3	2.6218313186896942E-3	2.5234373805190632E-3	1.3060346483309646E-3	3.4867635633207632E-3	3.9685601843175728E-3	6.3388187618082749E-3	7.5519756906818006E-3	3.5517867648939709E-2	0.11674170827389443	0.11002898967392606	1.1184667936277621E-3	1.3384760381109273E-3	2.6400533812991384E-3	5.089711089849183E-3	4.5632798573975045E-3	5.6339159061103228E-3	4.4756794587658931E-2	7.9481006504780197E-2	1.1997659960536623E-3	2.6369423060205355E-3	3.2161051922547836E-3	4.9156092152273009E-3	4.0897580000812533E-3	6.1498109219623375E-3	2.0061044009078339E-2	2.2984829734277012E-2	Desulfobulbia	M01.WD.02	M01.WD.10	M01.WD.20	M01.WD.30	M01.WD.40	M01.WD.50	M01.WD.70	M01.WD.90	M02.WD.02	M02.WD.10	M02.WD.20	M02.WD.30	M02.WD.40	M02.WD.50	M02.WD.70	M02.WD.90	M03.WD.02	M03.WD.10	M03.WD.20	M03.WD.30	M03.WD.40	M03.WD.50	M03.WD.70	M03.WD.90	M04.WD.02	M04.WD.10	M04.WD.20	M04.WD.30	M04.WD.40	M04.WD.50	M04.WD.70	M04.WD.90	M05.WD.02	M05.WD.10	M05.WD.20	M05.WD.30	M05.WD.40	M05.WD.50	M05.WD.70	M05.WD.90	L1.WD.02	L1.WD.10	L1.WD.20	L1.WD.30	L1.WD.40	L1.WD.50	L1.WD.70	L1.WD.90	6.1651707530647984E-2	2.9918404351767906E-2	2.1620081024409113E-2	1.5190499196656293E-2	3.27865709273231E-3	5.0454930062990315E-3	7.2007436404341392E-4	7.3023027433995994E-4	1.7566725765489483E-2	4.9853827645978323E-2	1.7490806789804757E-2	6.2247002214924005E-3	4.3945367661180085E-3	1.9324254959388869E-3	9.0706417205805212E-4	1.5460375629867155E-3	0.10203126555810017	9.7779789897720654E-2	2.4588823262153565E-2	1.2386948205099634E-2	8.5309410210953392E-3	2.7712983372209978E-3	4.8473392985076899E-3	1.407007509137902E-3	4.3877002266354242E-2	2.6482348259460688E-2	5.3465324705389526E-3	2.2589742887653679E-3	1.7204204975813568E-3	5.2439055585398915E-4	4.2350213980028531E-4	2.8750089844030761E-4	9.6860735769777218E-2	6.254405486959759E-2	3.5307087527923643E-2	5.1982126828498433E-3	3.3613445378151263E-3	9.7690228300725324E-4	3.7326490143473696E-4	2.0833815597583278E-3	4.3032929114652022E-2	1.104038481971235E-2	4.9332587019837396E-3	2.2052482444252803E-3	1.2052598079709655E-3	3.9470836145099887E-4	3.9130775050217828E-4	2.0857377254334858E-4	Desulfobaccia	M01.WD.02	M01.WD.10	M01.WD.20	M01.WD.30	M01.WD.40	M01.WD.50	M01.WD.70	M01.WD.90	M02.WD.02	M02.WD.10	M02.WD.20	M02.WD.30	M02.WD.40	M02.WD.50	M02.WD.70	M02.WD.90	M03.WD.02	M03.WD.10	M03.WD.20	M03.WD.30	M03.WD.40	M03.WD.50	M03.WD.70	M03.WD.90	M04.WD.02	M04.WD.10	M04.WD.20	M04.WD.30	M04.WD.40	M04.WD.50	M04.WD.70	M04.WD.90	M05.WD.02	M05.WD.10	M05.WD.20	M05.WD.30	M05.WD.40	M05.WD.50	M05.WD.70	M05.WD.90	L1.WD.02	L1.WD.10	L1.WD.20	L1.WD.30	L1.WD.40	L1.WD.50	L1.WD.70	L1.WD.90	1.076328079392878E-3	2.7300416636955394E-3	8.9574723641619673E-3	1.3269215644416481E-2	3.0150223849833669E-2	1.4739525117780402E-2	1.6051112187585918E-2	6.4587608747655083E-3	1.2937850400115004E-3	5.2259850464388274E-3	1.0346971245535103E-2	2.8246645790371446E-2	1.0449733955421999E-2	2.0924544823213261E-2	5.7702395523692952E-3	1.9995419147961522E-2	1.344219854625112E-3	2.1989596518621861E-3	9.1140390731485697E-3	2.7680279309896558E-2	2.0548026699346793E-2	1.7526589484046309E-2	1.0914135024312913E-2	9.6655298453821089E-3	1.6421465063573158E-3	4.6711261867313485E-3	1.9390826011707253E-2	1.9906355247665725E-2	1.3417045568800063E-2	1.0602921239096513E-2	5.6838445078459341E-3	5.8698100098229476E-3	1.3225114113841782E-3	2.0908738110135194E-3	4.3420658175945537E-3	2.0536392420670541E-2	2.2317290552584669E-2	3.0591761903487408E-2	6.695439169485594E-3	5.1390078474038755E-3	6.7226557464825044E-3	1.2508572477276898E-2	2.0510971757093932E-2	2.6499938400887026E-2	1.9771677748737185E-2	5.691439921567629E-3	3.208723554117862E-3	3.6848033149324915E-3	Polyangiia	M01.WD.02	M01.WD.10	M01.WD.20	M01.WD.30	M01.WD.40	M01.WD.50	M01.WD.70	M01.WD.90	M02.WD.02	M02.WD.10	M02.WD.20	M02.WD.30	M02.WD.40	M02.WD.50	M02.WD.70	M02.WD.90	M03.WD.02	M03.WD.10	M03.WD.20	M03.WD.30	M03.WD.40	M03.WD.50	M03.WD.70	M03.WD.90	M04.WD.02	M04.WD.10	M04.WD.20	M04.WD.30	M04.WD.40	M04.WD.50	M04.WD.70	M04.WD.90	M05.WD.02	M05.WD.10	M05.WD.20	M05.WD.30	M05.WD.40	M05.WD.50	M05.WD.70	M05.WD.90	L1.WD.02	L1.WD.10	L1.WD.20	L1.WD.30	L1.WD.40	L1.WD.50	L1.WD.70	L1.WD.90	2.242958260361938E-2	1.329367302657716E-2	1.1726145640357484E-2	9.7974225587901531E-3	8.6088715475836682E-3	5.6200315473889833E-3	2.8279284115159528E-3	3.4245281831115364E-3	4.2139057932819017E-2	2.4482791331418865E-2	1.5973531983942173E-2	6.7847959469436595E-3	6.8798788960562143E-3	6.0589591070583856E-3	4.6008917642944569E-3	5.0274851122308747E-3	2.705366922234392E-2	1.8626481756950284E-2	1.3893684688777828E-2	1.0279124185191375E-2	9.0068652063726249E-3	8.2496950501829702E-3	4.2833407008825812E-3	3.5481058926086226E-3	2.0157108285637462E-2	1.0640313808720698E-2	7.1654558883511733E-3	7.3382437501711348E-3	5.9432708098265058E-3	4.3741846366357152E-3	3.1651212553495006E-3	2.9588634131148327E-3	2.3389558961337324E-2	1.5760753348170089E-2	1.5298770876246289E-2	7.466882354681844E-3	6.2643239113827345E-3	6.5439070738431068E-3	4.7124693806135541E-3	5.6251302113474845E-3	2.0762892526746849E-2	1.3126756754146181E-2	9.2403730302541582E-3	8.4760379450535914E-3	6.5273621060899477E-3	5.1948713378066952E-3	2.6217619283645946E-3	3.0173672427937764E-3	Aminicenantia	M01.WD.02	M01.WD.10	M01.WD.20	M01.WD.30	M01.WD.40	M01.WD.50	M01.WD.70	M01.WD.90	M02.WD.02	M02.WD.10	M02.WD.20	M02.WD.30	M02.WD.40	M02.WD.50	M02.WD.70	M02.WD.90	M03.WD.02	M03.WD.10	M03.WD.20	M03.WD.30	M03.WD.40	M03.WD.50	M03.WD.70	M03.WD.90	M04.WD.02	M04.WD.10	M04.WD.20	M04.WD.30	M04.WD.40	M04.WD.50	M04.WD.70	M04.WD.90	M05.WD.02	M05.WD.10	M05.WD.20	M05.WD.30	M05.WD.40	M05.WD.50	M05.WD.70	M05.WD.90	L1.WD.02	L1.WD.10	L1.WD.20	L1.WD.30	L1.WD.40	L1.WD.50	L1.WD.70	L1.WD.90	1.842527729130181E-3	5.0424276997361635E-3	6.6366727061745482E-3	1.4842196330460772E-2	7.5543327165878962E-3	1.4144094266105359E-2	1.1913957659627394E-2	1.252722625807345E-2	8.8169054578561502E-4	2.2594192775032555E-3	4.7098738765317628E-3	6.9630082232236051E-3	9.2748449485421207E-3	9.7527099248165706E-3	9.7591362126245845E-3	2.0739807604214382E-2	7.9657472866673305E-4	2.9935417109384385E-3	4.4252612448886872E-3	5.0606347614537486E-3	6.6153461753542661E-3	9.7048941770634944E-3	1.6127311251009864E-2	8.6255677734106175E-3	2.0550839319325473E-3	6.3387087604934531E-3	9.7891151213166799E-3	8.67993757016511E-3	8.401014377799873E-3	1.1523802215230349E-2	1.6795203281027102E-2	1.8651620786314958E-2	1.639914150116381E-3	3.991668184662173E-3	6.8854139468314526E-3	7.4471547923180871E-3	7.6394194041252868E-3	5.4331825602869149E-3	1.5548816050390761E-2	2.4815389245121416E-2	4.6305018194798368E-3	1.0489814448125646E-2	1.1934691244414507E-2	7.0962178144634716E-3	9.4118602982002364E-3	9.3584079247252955E-3	1.7804502647849111E-2	1.2347567334566236E-2	Other 	M01.WD.02	M01.WD.10	M01.WD.20	M01.WD.30	M01.WD.40	M01.WD.50	M01.WD.70	M01.WD.90	M02.WD.02	M02.WD.10	M02.WD.20	M02.WD.30	M02.WD.40	M02.WD.50	M02.WD.70	M02.WD.90	M03.WD.02	M03.WD.10	M03.WD.20	M03.WD.30	M03.WD.40	M03.WD.50	M03.WD.70	M03.WD.90	M04.WD.02	M04.WD.10	M04.WD.20	M04.WD.30	M04.WD.40	M04.WD.50	M04.WD.70	M04.WD.90	M05.WD.02	M05.WD.10	M05.WD.20	M05.WD.30	M05.WD.40	M05.WD.50	M05.WD.70	M05.WD.90	L1.WD.02	L1.WD.10	L1.WD.20	L1.WD.30	L1.WD.40	L1.WD.50	L1.WD.70	L1.WD.90	0.17043381494454177	0.13704197948394067	0.14683129415117782	0.12851252204981853	0.16239897997334898	0.13112014123201959	0.11707099933229462	0.10588338977929425	0.1574105132013992	0.17261273381108838	0.15808106883580766	0.13547951831767613	0.13211852822557871	0.12438982658494116	0.12998338870431897	0.1067338524965644	0.17599322911480655	0.18293866011290461	0.1561381190368015	0.15017549724218618	0.14111152093471513	0.13945301632819021	0.13144215965733277	0.11675103613868194	0.14506587792417308	0.14937181406454303	0.14694696460264789	0.13859149530407158	0.14763218750349114	0.1246898421712327	9.3761144793152618E-2	8.8885694434461801E-2	0.17800247876424535	0.1642444738363574	0.15738779773129483	0.15416103609157533	0.1475528393175452	0.13350105719562136	0.11792837979703727	9.2502141253269804E-2	0.18227519260706171	0.17947628200793989	0.18981661559478979	0.18418134778859185	0.17003642863913981	0.15317230929856512	0.10764876216314928	0.11573063392521936	Sample Site by Depth (cm)
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