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Abstract 

Active methane production in oxygenated environments challenges the long-standing paradigm that 

microbial methane production occurs only under anoxic conditions and forces us to rethink the 

ecology and environmental dynamics of this powerful greenhouse gas. Methane production, e.g., in 

the upper oxic water layers, places the methane source closer to the air−water interface, where 

convective mixing and microbubble detrainment can lead to a methane efflux higher than that 

previously assumed. Microorganisms may produce methane in oxic environments by being equipped 

with enzymes to counteract the effects of molecular oxygen during methanogenesis or using 

alternative pathways that do not involve oxygen-sensitive enzymes.  

I demonstrate that cyanobacteria living in marine, freshwater, and terrestrial environments produce 

methane at substantial rates under light, dark, oxic, and anoxic conditions, linking methane 

production with light-driven primary productivity in a globally relevant and ancient group of 

photoautotrophs. Methane production, attributed to cyanobacteria using stable isotope labeling 

techniques, was enhanced during oxygenic photosynthesis. I suggest that the formation of methane 

by cyanobacteria contributes to methane accumulation in oxygen-saturated marine and limnic 

surface waters. In these environments, frequent cyanobacterial blooms are predicted to further 

increase because of global warming potentially having a direct positive feedback on climate change. 

I conclude that this newly identified source contributes to the current natural methane budget and 

most likely has been producing methane since cyanobacteria first evolved on Earth. 
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