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Abstract

Amazon floodplain ecosystems include open water and intermittent flood forest
and agricultural systems with different water types. They are a significant natural
source of methane (CH,) in the tropics. When soils are flooded and become anoxic,
CH, is produced by methanogenesis, while microbially mediated aerobic and
anaerobic oxidation of CH, serves as the primary biological sink of this greenhouse
gas. Measurements of rates and controls on CH, production and emission in the
Amazon basin mainly come from studies on individual wetlands and floodplain
lakes. Similarly, microbial communities in those Amazon floodplain habitats have
been studied on individual lakes based on sequence-specific DNA analysis. Existing
biogeochemical ecosystem models of CH, from the Amazon floodplains focus on
soil properties or involve factors such as pH, redox potentials, or substrates. None of
these models incorporate appropriate seasonal inundation; neither the microbiota
does it as a component. In this sense, our chapter will highlight how the important
efforts already contributed to understand the CH4 emission and its connections
with abiotic and biotic factors in Amazon floodplains, as well as emphasize the need
of encouraging cooperation and exchange of experience between research teams by
using different approaches and scientific methods.

Keywords: methane emission, methanogenesis, methanotrophy, mathematical
modeling
1. Introduction

The Amazon rainforest, well known for its vast biodiversity, is a unique ecosys-
tem and plays an irrefutable role in the maintenance of global ecosystem services.

The Amazon biome is one of the main contributors to the biogeochemical function-
ing of the terrestrial system [1]. A contributor to this functioning is the soil, which
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is considered one of the most complex and variable environmental compartments.
The understanding of microbially mediated biogeochemical processes in this com-
partment is of particular interest in continental floodplains, where nutrient cycling
is highly responsive for floating hydrology, and the gases produced in the soil may
influence the global climate change [2].

Methane (CHy) is one of the most important greenhouse gases (GHG).
Amazonian wetlands are considered a significant source of CH, emissions. In addi-
tion to the positive emission of GHG such as CHy, the wetlands provide a diverse
range of vegetation that enables the sequestration of organic carbon.

Arguably, the most striking variation in the nature of the forests in the Amazon
floodplains system is related to seasonal flooding. Variations in the level and flow
of water, along with variations in temperature and sediment load, for example, are
the most important factors to guide the structure and functioning of flood systems
[3, 4]. The flood pulse, responsible for the change in soil saturation, makes those
areas predisposed to the activity of the anaerobic microbial community. In the
absence of electron acceptors, CH, is the final product of anaerobic decomposition
of organic matter. The anaerobic oxidation of CH, may occur in the presence of
some of these electron receptors (iron, manganese, and sulfate) and nitrogenous
forms (nitrite and nitrate).

Given the recent recognition of the importance of Amazonian floodplains for
the global dynamics of the CH, cycle, we emphasize the essential role of informa-
tion from these systems as a key factor for the amelioration of CH, emission models.
Thus, microbiota data combined with iz situ observations can successfully lead to
new approaches of CH, emission models for these ecosystems. This review first
addresses the soil microbiota and the mechanisms related to them as part of the
dynamics of the CH, cycle. The initial topics include microbial characteristics,
mainly of saturated systems (e.g., anaerobic metabolism and interactions with
metals). The chapter synthesizes studies that assessed possible consequences
regarding changes in hydrology caused by climate change. Subsequently, a synthesis
of the different integrated approaches is reported: biogeochemistry, isotope, and
soil metagenomics, revealing the importance of interfacing different methodologies
to develop a more trustworthy representation of that system. The chapter ends by
identifying the knowledge on the emission models in Amazonian floodplains, as
well as suggests the incorporation of new variables into those models.

2. Biogeochemical cycle of CH,4

Global biogeochemical cycles are mainly driven by microorganisms that feed on
base compounds of carbon (C), such as CH, or carbon dioxide (CO,) [5]. The CHy, is
the most abundant hydrocarbon in the atmosphere [6]. Due to its absorption char-
acteristics, CH, manifests positive radiative forcing, being a GHG that contributes to
the regulation of temperature on the surface of the planet. It is believed that CH, is
responsible for 17% of global warming [7], taking into account the indirect chemical
reactions of this gas with aerosols. The Global Warming Potential (GWP) of CH, is
estimated to be 25 times higher than the GWP of CO, [8, 9] on a 100-year horizon.

The interest in estimates of CH, emission in tropical forests has grown in recent
years, particularly in wetlands such as the Amazon basin [10-15] and Pantanal
[16-18]. This is due to the fact that the largest natural sources of CH, are wetlands
[19], contributing with 177-284 Tg CH, per year [7]. Humid areas are the larg-
est and most uncertain sources of CH, to the atmosphere [20]. Remote sensing
techniques employing visible, infrared and microwave observations offer varying
degrees of success in providing quantitative estimates of wetlands and inundation
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extent and monitoring natural and anthropogenic variations in these environments
[21]. Another factor that may contribute to this uncertainty is the interannual vari-
ability of the water column associated to lakes and rivers, which directly influence
the wetlands linked to them.

Wetlands have high C sequestration and store capacity, which justify the
growing interest in studying the production and consumption of this gas in these
ecosystems. The C sequestration refers to the removal of CO, from the atmosphere,
transfer, and accumulation of that gas in the flooded areas as soil organic matter.
That is, the sequestration of C in wetlands is related to the photosynthetic removal
of CO, by producing organisms and its conversion into cellulose and other forms of
C, and subsequently the transformation of waste into soil organic matter [22]. This
ability to act on the C cycling, in addition to all other ecosystem services performed
by those environments, makes them critical components in understanding local,
regional, and global C stocks, capable of influencing the balance of CO,, CHy, and
other GHG.

Floodplains are defined as environments that are seasonally flooded or saturated
due to rising groundwater or surface water and remain like that for a certain period
of the year or throughout the year [3]. According to Junk et al. [3], flooding of
plains along rivers tends to occur as a single annual flood pulse that lasts months.
In these plains, flooding can also lead to an increase in allochthonous inputs of C,
making them essential to the food web and interesting to the scientific community.

The CH, is produced mainly by microorganisms belonging to the domain
Archaea in the final stage of organic matter fermentation in anaerobic environ-
ments [23], which play a crucial role in the biodegradation of organic matter [24].
However, only a fraction of the produced CH, is emitted into the atmosphere.
Microorganisms that oxidize CH,, which are known as methanotrophic bacteria
use the other part. There is no consensus in the literature on the percentage of CH,
assimilated by these microorganisms. There are estimates that 10-100% of the CH,4
produced by anaerobic microorganisms are oxidized into CO, before reaching the
atmosphere [25].

Part of the current understanding of the dynamics of CH, in wetlands is based
on the premise that most of the oxidation of CH4 occurs under aerobic conditions.
However, recent studies indicate the action of several other electron acceptors
(alternative to sulfate under aerobic conditions) in the anaerobic oxidation of CHy,
including nitrate, nitrite, iron, and manganese [5, 26-32]. Studies also point to
humic substances acting as a terminal acceptor for electrons in tropical flood areas
[33]. In previous studies [32, 34], when attempting to justify the predominance
of academic papers addressing the oxidation of CH, exclusively by aerobic means,
taking into account the fact that sulfate has been, for a long time, the only electron
acceptor involved in the oxidation of CH,4 in anoxic environments, the concentra-
tion of sulfate is generally too low in freshwater environments to play a role in the
anaerobic oxidation of CH,. The contribution of anaerobic oxidation of CH, to
the methanotrophic processes is not fully elucidated, but the increasing number
of papers validating the information shows that this mechanism seems to be more
common than previously thought.

In turn, methanogenesis occurs when energetically favorable electron acceptors
such as oxygen, nitrate, sulfate, and iron are absent or have been depleted [35]. In
the absence of oxygen, the complete decomposition of complex organic compounds
requires syntrophic system interactions in individual steps in the global pro-
cess [36]. A sequential action involves hydrolysis, acidogenesis, acetogenesis, and
methanogenesis steps [37]. Therefore, the many microbial guilds involved in those
processes include hydrolytic, syntrophic fermentative, acetogenic, and methano-
genic microorganisms.
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Bacteria and fungi are responsible for breaking down complex molecules dur-
ing hydrolysis, such as polysaccharides, proteins, and their forming units (amino
acids, fatty acids, and alcohols) [38]. In the acidogenesis stage, fermentative micro-
organisms convert simple substrates into volatile fatty acids (VFA) (e.g., acetate,
propionate, and butyrate), alcohols (e.g., ethanol and butanol), H,, and CO, [39].
In acetogenesis, the VFA and alcohols produced, such as propionate, butyrate, and
ethanol, are converted into acetate, H,, and CO, by acetogenic bacteria [39]. Finally,
methanogens convert acetate, H,/CO,, formate, and methylated compounds into CH,.

3. The microbiota involved in the cycling of CH,

The amount of CH,4 emitted from an ecosystem is the result of the balance
between the production of CH, (methanogenesis) and the consumption (oxidation)
of this gas (methanotrophy). Therefore, the emission of CH, into the atmosphere is
determined by activity of methanogenic and methanotrophic microorganisms.

Methanogenic Archaea are widely ubiquitous in nature and have been detected
in a wide range of environments, including freshwater sediments, hypersaline and
rice lakes, anaerobic digesters, permafrost, and landfills, among others. They have a
unique enzyme designed methyl-coenzyme M reductase (Mcr), which makes them
specialized in producing CH, [39]. This group of microorganisms presents high
diversity in morphology and physiological parameters [40].

The methanogenic microorganisms belong to the Euryarchaeota phylum and
until recently were classified into seven orders (Methanobacteriales, Methanococcales,
Methanomicrobiales, Methanosarcinales, Methanocellales, Methanopyrales, and
Methanomassiliicoccales). The discovery of the genes involved in methanogenesis in
Bathyarchaeota and subsequently Verstraetearchaeota led to a paradigm shift, dem-
onstrating that the evolutionary origin of methanogenesis is prior to the phylum
Euryarchaeota [41].

The metabolism of methanogenic Archaea gains energy by reducing C com-
pounds (e.g., CO,, formate, acetate, methanol, ethanol, methylamines, and methyl
sulfides) to CH,4 [23]. Thus, traditional methanogenic strains are widely character-
ized as hydrogenotrophic, acetoclastic, and methylotrophic based on the use of
substrate. In most cases, the methane-producing pathways in the environment are
determined by DNA sequencing of the corresponding methanogenic microorgan-
isms [39]. The final step in all of these pathways is common and involves the con-
version of methyl-S-CoM into CH, by methyl-coenzyme M reductase (Mcr) [42].

Taking into consideration the production pathway (Figure 1), hydrogenotrophic
methanogenic microorganisms are known as H, oxidant, formate, or some simple
alcohols and reduce CO, to CH, [43]. Most of the described methanogenic micro-
organisms are hydrogenotrophic. Acetoclastic methanogens divide acetate to form
CH, and CO,. They are found in habitats where hydrogenotrophic methanogenic
microorganisms reduce H; levels sufficiently to create the necessary conditions for the
formation of high levels of acetate. Methylotrophic methanogenic microorganisms are
common in sulfate-rich marine and hypersaline sediments, in which they use methyl-
ated compounds such as trimethylamine, dimethyl sulfate, and methanol [44]. In
contrast, in sediments from freshwater environments, it is believed so far that methy-
lotrophic methanogenesis is of little importance, although this is not what recent
unpublished results have revealed for the floodable areas of the Amazon. However,
the same reasoning used for anaerobic methanotrophy may be occurring in this case.

Methyl compounds, especially methanol, may play an underestimated role as
contributors to the production of CH, in wetlands [44]. Although the use of metha-
nol in the presence of hydrogen has been observed among methanogenic Archaea,
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Figure 1.

Conceptual illustration of CH, production and consumption prior to atmospheric release in wetland
ecosystems. Microorganisms degrade complex organic material in anoxic system by a multistep process, leading
to CO, and CH, as end products. Adapted from [34].

this substrate is rarely tested during the description of new species. This lack of
information represents a serious obstacle to the analysis of metabolic abilities of
methanogenic Archaea [45].

Meyer et al. [46] used a metagenomic approach to assess the relative abundance
of genes involved in cycling CH, in forest and pasture soils in Western Amazon and
they revealed that genes involved in methanogenesis from methylated compounds
were significantly more abundant in the pasture. Soil methylotrophs call attention
to the central role of these organisms in global methanol conversions, which mainly
originate from plants [47] released from both living and decomposing plant mate-
rial [48]. Soil microbiota is an essential component of plant decomposition and
formation of organic matter. Thus, the understanding about these communities, as
well as the one regarding decomposed material, is essential to elucidate the dynam-
ics of these environments.
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The literature mentions that in tropical alluvial plains the predominant micro-
bial pathways in methane production are acetoclastic and hydrogenotrophic [49,
50]. However, Alves [51], when evaluating the enrichment of primary and second-
ary forest and pasture samples in the Amazon, indicated a higher production of CH,4
by acetoclastic and methylotrophic pathways.

In flooded areas, known to have high methanogenic rates, methanotrophs are
responsible for catalyzing the oxidation of CH, at the aerobic-anaerobic interfaces.
Methanotrophic bacteria are able to use CH, as their sole source of C [52] and can be
divided into four groups: Gammaproteobacteria (often referred as Type I or Type
X); Alphaproteobacteria (formerly known as Type II); Verrucomicrobia; and NC10
phylum members [53].

Methanotrophic activity is only viable because of an enzyme known as mono-
oxygenase methane (MMO), which acts in two distinct forms: particulate (pMMO),
within an intracellular membrane, or soluble (sMMO), in the cytoplasm. Both
convert CH, into the readily assimilated product, methanol [54].

The oxidations of CH, have proven to be an important sink for this gas produced
by sediments in the Amazon, reducing the amount of CH, that reaches the atmo-
sphere [8, 55].

The diversity of CH, metabolizers or metabolizing organisms tends to increase
in the near future due to additional findings in surveys using a metagenomic
approach and other increasingly robust approaches to the study of microbial diver-
sity. This can be the currently ambiguous evolutionary history of this important
metabolic function [23].

4. Influence of hydrology on tropical floodplains

Alluvial plains are among the most dynamic ecosystems, consisting of a mosaic
of habitats with high spatial-temporal turnover rates [4, 56]. The complex interac-
tion between the topography of the floodplain and the variation in river flow and
sediment transport maintains a distinct gradient of lateral hydrological connectiv-
ity, which facilitates the coexistence of numerous aquatic, amphibian, and terres-
trial species [4].

These sites exhibit highly heterogeneous stratigraphy produced by active river
meanders and sediment deposition; dominant coarse-grained materials are inter-
spersed with finer sediments, and organic matter is deposited, leading to distinct
zones of oxic or anoxic conditions within the subsurface [57]. Regional variations
in fresh water CH, emissions are important factors that should be considered to
ensure reliable global estimates. The C stocks, as well as the different classes of
organic matter, still need to be elucidated in order to decrease our limitations in
building C cycling models in those environments. Hydrological variations are
responsible for determining the intensity and duration of aerobic conditions.
Changes in these conditions can increase or decrease the rates of decomposition of
organic matter [58].

The Colombian wetlands were evaluated and showed that the studied ecosys-
tems are valuable C sinks, and hydrogeomorphology acts as an important factor for
the storage of C in these ecosystems [59]. Dalmagro et al. [18], when evaluating the
largest tropical floodplain area in the world, Pantanal, revealed that they are poten-
tially large C sinks and that the C balance was driven by the seasonal dynamics of
precipitation and surface flooding that affected the anaerobic and aerobic phases
of the soil. The assessment of the behavior of a freshwater flood area with a usual
average flood period of 6 months per year, located in a park in the USA, showed that
the environment become a source of CO, when it went through a prolonged flood
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period (17 months). Such situations may occur more frequently in the future, as an
intensification of rainfall is expected. Moreover, evidence suggests that the magni-
tude of wet and dry cycles can have significant effects on GHG emission [60].

Alluvial plains are environments adapted to variations in water level, and it
seems that microbial communities can be adapted to these fluctuations and remain
in a state of latency until the next flood. Hernandez et al. [61] demonstrated that
in Amazon forest soils the propensity to produce CH, (at the laboratory) was best
observed in relation to the duration of the lag phase. Soils that were never flooded
(dry forest) presented this phase for a longer time than sites that were permanently
flooded. In a laboratory study that imposed different levels of flood frequency, dif-
ferences in composition have also been observed, but an increase in diversity under
conditions of higher water saturation has been reported [62].

Alluvial plains are among the most threatened ecosystems in the world because
of anthropogenic activities, especially in developing countries, where high demand
from agricultural areas drives deforestation. An additional threat to those ecosys-
tems is the increase in terrestrial temperatures due to global warming, generating a
cycle of change in water regime that may consequently alter the storage capacity of
C in wetland ecosystems [63].

5. Sensitivity of floodplains to climate change

Current projections suggest that rates of GHG emission from floodplains will
increase as global average temperatures continue to rise, and this is of particular
importance in temperate and tropical systems. The metabolism of CH, in flooded
areas is strongly influenced by environmental factors that have both spatial and
temporal variability. The production and consumption of GHG are partially regu-
lated by microbial processes, which are influenced by soil moisture and temperature
[64]. In soils, the microbial production rate of CH, generally shows an exponential
relationship with air temperature, with the peak rate corresponding to temperatures
of 25°C (77 F) to 30°C (86 F) [65].

Wetlands are likely to become the main net sources of C under the effect of
warming climatic conditions in decades [64]. Sanches et al. [66] determined the
crucial factors related to the emission of CH, in lakes, on a large scale, observing
emission patterns in different climate zones. The climate zones with the highest
average air temperatures showed the highest emission rates.

Climate change in tropical wetlands is expected to cause an increase in tempera-
ture and a change in precipitation patterns, increasing the duration of the dry sea-
son, but also increasing the intensity of precipitation events. Given these predictions,
the current and future balance of seasonally flooded tropical areas is still uncertain.
A study conducted from 2014 to 2016 in the largest continuous wetland area in the
world, the Brazilian Pantanal, demonstrated the response of CH, and CO, to the
hydrological dynamics of this ecosystem [18]. Measurements revealed that CH,
emission increased rapidly as soon as anaerobic conditions were established, with
the highest CH, flow values having always been observed when soil redox potential
values were less than —100 mV. In summary, the data indicated that the seasonally
flooded rainforests of Pantanal are potentially large C sinks, but significant sources
of CH, when anaerobic conditions dominate the soil (flood period). It is worth men-
tioning that the carried out measurements contemplate emission from tree trunks,
soil flows, boiling, and diffusion from the water surface, since the methodology used
was a 20 m (65.6 feet) high research tower, together with environmental sensors.

A recent research suggests that CH, emission from tree branches are the dominant
source of regional CH, emission to flooded tropical forest environments [11].
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6. CH, emission in flooding areas: biogeochemistry, isotopic signature,
and metagenomics

Understanding the level of sensitivity of flooding areas as a response to climate
change also requires efforts to be better achieved. This demands more knowledge at
all levels, ranging from single-cell ecophysiology to iz situ and ex situ biogeochemi-
cal functioning. Thus, efforts to cultivate recalcitrant microorganisms, evaluations
of the microbiota with independent methods of cultivation, and the combina-
tion of these approaches with isotopic determinations and physical and chemical
characterization of soil and water are necessary to achieve an understanding of the
processes mediated by microorganisms in these environments [67].

It is a challenge for researchers to design experiments and adopt methods
that can detect C cycling in alluvial plains. One of the approaches used is the
characterization of microbial communities in space and time from the sequencing
of DNA or RNA and the construction of correlation matrices of relative abun-
dances of microbial taxa or functional groups with environmental variables [68].
Regardless of the study method, the characterization needs to reflect the correct
scale for the issue and should contain enough replicates to provide meaningful
data [69].

Metagenomic studies indicate high functional redundancy in flooding areas.
Although we know that microbial communities are diverse, DNA-based methods
can artificially inflate functional redundancy estimates [69]. This fact is due to the
DNA-based approach not being able to distinguish between dormant and active
cells [70].

Different responses have been found when assessing the effect of increased
salinity on the composition of the total (DNA) and active (RNA) microbial com-
munity in an anaerobic reactor [71]. The concentration and exposure time most
strongly affected the microbial community, and especially the Archaea phylotypes
at the RNA level, both in terms of global diversity and specific phylotypes.

The evaluation of the survival conditions of Archaea methanogenic under aer-
ated conditions in floodplains with rice crops revealed the composition of the active
community, indicating that unknown mechanisms maintain the stability of the
community in these environments until 1 year after the start of drainage [72].

Stable isotopes have long been used as a tool to investigate environmental
processes and their relationships with microorganisms, which can be estab-
lished through metabolic pathways [73]. The merit of C isotopes lies in their
relatively slow exchange rate for many minerals containing C and in relatively
large fractionations, even at high temperatures. These two properties make
C isotopes an excellent recorder of geological processes and allow a better
understanding of C sources and related-volatile flows in geological time scales
[74]. We are undergoing a reformulation of isotopic approaches based on the
increase in genomic and transcriptomic databases, the latest technologies with
improved instrumental and mass spectrometric data acquisition, processing,
and evaluation [73]. For Coyotzi et al. [75], the incorporation of stable isotopes
into the microbial biomass allows the recovery of labeled nucleic acids from
active microorganisms. The combination of stable isotopes with metagenom-
ics provides access to the genomes of microorganisms involved in metabolic
processes of interest.

The CH, fluxes in terrestrial and aquatic environments have been evaluated in
several ways, but in general, the monitoring of gas accumulation in flow chambers
has been the predominant methodology to date. This methodology is conceptually
simple and does not require expensive field equipment, but is laborious, based
mainly on manual sampling [17].
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7. Modeling of CH, emission

To improve the prediction of climate models, it is important to understand the
mechanisms by which microorganisms regulate the flow of terrestrial GHG. This
involves considering the complex interactions that occur between microorgan-
isms and other biotic and abiotic factors in the environment. The potential to
mitigate climate change by reducing GHG emission through the management
of terrestrial microbial processes is a perspective of high importance for the
future [18].

Despite this importance, however, tropical flood areas are poorly represented
in global models to predict global CH, emission. A first step in the development
of a process-based model of CH, emission from tropical flood areas for global
applications was documented in 2014. To this end, the LPX-Bern Dynamic Global
Vegetation Model (LPX) was slightly modified to represent the hydrology of the
floodplain, vegetation, and associated CH,4 emission. The extent of tropical flood-
plains was prescribed using the production of the spatially explicit PCR-GLOBWB
hydrology model. Several variables were introduced to this model, such as vegeta-
tion, ground cover (through remote sensing), not to mention that simulated CHy4
flow densities were evaluated against field observations and regional flow invento-
ries. However, soil microbiota was not considered as a component in the modeling.
Simulated CH, emissions at the Amazon basin scale were compared to simulations
of previously performed models. Thus, it was found that this LPX model reproduces
the average magnitude of the net flow densities of CH, observed for the Amazon
basin. However, the model does not reproduce the temporal and spatial variability
between sampling sites, considering that site information is too limited to attest or
refute some resources of the model. At the Amazon basin scale, the results obtained
with the promotion of this model highlighted the great uncertainty in the magni-
tude of CH, emission from floodable areas.

The sensitivity analysis provided clarification on the main drivers of CH,
emission from the floodplain and their associated uncertainties. Due to an intrinsic
limitation of the LPX to consider seasonality in floodplain extension, the model
failed to reproduce the total dynamics of CH, emission, raising several scientific
questions. Although this model includes more specific mechanisms for tropical
floodplains, it was not possible to reduce the uncertainty in the magnitude of CH,4
emission from the Amazon basin, thus justifying the need for further research to
restrict CHy emission and their temporal variability [15].

In the same year, Potter et al. [76] developed a new model that sought to sea-
sonally estimate the carbon dynamics and CH, emission of floodable ecosystems
in the Amazon. The Amazon wetland simulation model took into account three
main components: (a) details of the type of vegetation in the wetlands and changes
in the level of water, temperature, and dissolved oxygen; (b) primary produc-
tion, mass accumulation, and decay of the litter layer in soils and sediments; and
(c) routes for production and transport of CH, through the water column to the
atmosphere.

The presented model is based on the input of the following data for simulations
in a given flooded environment in the Amazon: latitude and longitude; vegeta-
tion types such as area cover fractions; daily surface temperature; solar irradiance
flux; wind speed; precipitation; daily water depth; biomass production values for
floating macrophytes; and satellite vegetation index data for flooded forest ecosys-
tems. In order to improve the generality and use of this model, the incorporation
of mechanical simulations of vertical mixing, horizontal exchanges, and various
biogeochemical processes is necessary. In addition, the microbiota component is not
directly reported.
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In 2016 [77], when evaluating the atmospheric concentrations of CH, in the
Amazon basin in 2010 and 2011, besides a 3D atmospheric chemical transport
model (TOMCAT), two emission models in wetlands have been used [78-79] to
reduce the uncertainty about CH, emission. The first set of wetland and rice paddy
emission derived from the Bloom et al. method [79]. The method uses a satellite
to evaluate the carbon variation available for methanogenesis, which leads to a
more accurate representation of the timing of CH, emission. However, satellite
data cannot distinguish between microbial CH, emission from natural wetlands
and anthropogenic emission from rice cultivation. The second model [the Joint UK
Land Environment Simulator (JULES), version 3.4.1] [78] simulates the Earth’s land
surface in terms of carbon, water, and energy variations and includes a methane
flux in wetlands as a component, based on Gedney et al. [80]. The flow of CH, is
dependent on the available carbon substrate, the temperature, and the fraction
considered wet. The estimates used through the two wetlands emission models are
based on processes and showed similar behaviors when the atmospheric model is
compared to observations, regardless of which model was used [77].

In the same year (2016), another research on CH, modeling was carried out,
bringing to the fore the discussion of how beneficial the improvements in CH, models
would be for terrestrial system models and for the additional simulation of climate-
carbon cycle feedbacks. Over the past four decades, several empirical models have
been developed to quantify the magnitude, investigate spatial and temporal variations,
and understand the underlying mechanisms and environmental controls of CH, (CH,4
flows in terrestrial ecosystems). These CH, models are also used for the integration of
multiple-scale CH, data, such as laboratory-based incubation and molecular analysis,
field observational experiments, remote sensing, and aircraft-based measurements
in various terrestrial ecosystems. The authors noted that there are large discrepancies
between models in terms of representation of CH, processes and their environmental
controls, and significant data, such as model incompatibilities, are partially attributed
to different representations of landscape characterization and flood dynamics.

However, it should be noted that CH, models should represent more explicitly
the mechanisms underlying the exchange of Earth-atmosphere CH,, with emphasis
on the improvement and validation of individual CH,4 processes over depth and
horizontal space, and models capable of simulating CH4 emissions at highly hetero-
geneous spatial and temporal scales, particularly in hotspots, should be developed;
besides that, efforts should be made to develop benchmarking models (a modeling
based on comparative analysis) that can be easily used for improvement, evalua-
tion, and integration with data from molecular to global scales [81].

Widely applicable and robust prediction models should be developed from large
data sets generated through collaboration with scientists around the world. To achieve
high predictive accuracy, these data sets should cover a wide variety of information and
variables at the most different scales of tropical floodplains within regions and globally.

8. Closing remarks

This chapter synthesizes the main progresses in scientific research applied to
understanding the dynamics of CH, in tropical floodplains. Here, we focused on
an integrative approach to the main aspects of the C cycle, describing methods
based on observations on the Earth’s surface. However, a better understanding of
the methylotrophic methanogenesis and anaerobic oxidation of CHj, still needs to
be clarified for these environments. The next generation of models of CH, emission
should take into account seasonal water level fluctuation and the methanogenic
and methanotrophic activity associated with it. This bold goal can only be achieved
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using a multianalytical approach based on a synergy of models, statistical methods
for data integration, and scientific cooperation. This effort can help to create a
unique design, in which not only the biosphere and the feedback of hydrological
modeling but also the soil microbiota will be considered in the regional cycle of C.
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