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Project Goals:
Despite their relatively small land coverage, wetlands represent the largest source of atmospheric
CH4 (20-40%). However, variations in these wetland emission budgets are high, with over 25%
uncertainty. Accurately predicting net CH4 fluxes from these systems depends on multiple
interacting geochemical, ecological, and metabolic constraints that are poorly understood,
oversimplified, or missing in global biogeochemical models[12-14]. The overarching objective of
my early career proposal is to identify the biogeochemical and genomic determinants
impacting methane production, and the scale and physical distribution over which they
operate, along freshwater wetland gradients. Using field investigations, methanogen types,
activity, and responses to geochemical conditions will be determined along seasonal and spatial
gradients (Objective 1). Using laboratory microcosms, the formation of anoxic microsites and
their capacity to facilitate methanogenic activity in wetland soils will be simulated (Objective 2).
Lastly, these field and laboratory data will be used for multi-scale, process-level evaluation of an
ecosystem biogeochemical model (the upcoming CLM-coupled version of ecosys) that
accommodates these newly identified processes and parameterizes representation of these
processes along relevant environmental gradients (Objective 3).
Abstract text:
The current paradigm, widely incorporated in soil biogeochemical models, is that microbial
methanogenesis can only occur in anoxic habitats. Recent reports present an alternative view that
in some ecosystems methanogenesis also occurs in oxic soils, lakes, and marine systems, a
concept known as the methane paradox. Here we use porewater and greenhouse-gas flux
measurements to provide clear evidence for methane production in oxygenated soils from a
freshwater wetland. A comparison of oxic to anoxic soils revealed up to ten times greater
methane production and nine times more methanogenesis activity in oxygenated soils.
Metagenomic and metatranscriptomic sequencing recovered the first near complete genomes for
a novel methanogen species, and showed acetoclastic production from this organism was the
dominant methanogenesis pathway in oxygenated soils. This organism, Candidatus
Methanothrix paradoxon, is prevalent across methane emitting ecosystems, suggesting a global
significance. Moreover, in this wetland, we estimated that up to 80% of methane fluxes could be
attributed to methanogenesis in oxygenated soils. Together our findings challenge a widely-held

assumption about methanogenesis, with significant ramifications for global methane estimates
and Earth system modeling.
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