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Project Goals: Our objective is to discover how microbial communities mediate the fate of 
carbon in thawing permafrost landscapes under climate change. Our team is engaged in a 
systems approach integrating molecular microbial and viral ecology, organic chemistry and 
stable and radiocarbon isotopes, and state-of-the-art modeling along an interconnected 
chronosequence of thawing permafrost and post-glacial lakes in subarctic Sweden. 

Abstract: Post-glacial lakes in northern landscapes have been identified as a significant source 
of methane to the atmosphere, largely through ebullition (bubbling) of microbially produced 
methane from the sediments. Ebullitive methane flux has previously been shown to correlate 
significantly with sediment surface temperatures in these lakes, suggesting that solar radiation is 
the primary driver of methane emission. However, we show here that the slope of this 
relationship (i.e., the extent to which increasing temperature increases ebullitive methane 
emissions) differs spatially, both within and among lakes. As microbes are responsible for both 
methane generation and removal in lakes, we hypothesized that microbial communities—
previously uncharacterized in post-glacial lake sediments—could be contributing to 
spatiotemporal differences in methane emission responses to temperature. We compared 
methane emission data with sediment microbial (metagenomic and 16S rRNA gene sequencing), 
isotopic, and geochemical characterizations across two post-glacial lakes in Northern Sweden. 
With increasing temperatures, the increase in methane emissions was higher in lake middles than 
lake edges, consistent with higher abundances of methanogens in sediments from lake middles 
than edges. Using partial least squares statistical regressions, microbial abundances (including 
the abundances of methane-cycling microorganisms and of reconstructed population genomes) 
were better predictors of porewater methane concentrations than abiotic variables. These results 
suggest that microbial communities contribute to the rate and magnitude of the temperature 
response of methane emissions in subarctic post-glacial lakes.  
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