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Freshwater CH4 emissions (Tg C 
yr-1)

Lakes: 53.7 

Ponds: 12

Rivers: 1.1 - 20.1

Reservoirs: 13.3 – 52.5

From: 
Bastviken et al. (2011), Deemer et al. (2016), Holgerson and Raymond 
(2016), Stanley et al. (2016)



Surface methane emissions can be higher in tributary zones of reservoirs 
(Beaulieu et al. 2014).



Methane emissions (Deemer et al. 2016, DelSontro et al. 2018) and sediment methane 
production (Duc et al. 2010, West et al. 2015) are positively correlated with variables 

associated with reservoir productivity. 

Data from Beck et al. 2017 courtesy of Chris Nietch, USEPA



Algal OM additions to sediment incubations stimulated greater increase in CH4 production 
than terrestrial OM additions (West et al. 2012).   



Organic matter (OM) availability is a constraint on sediment methane production.

Source: http://www.harvestpower.com/clean-energy/about-anaerobic-digestion/



DAM

Reservoirs can be divided into functional zones based on spatial variability (Thornton et al. 
1990). 

Flow

Riverine ZoneTransitional ZoneLacustrine Zone



Algal and cyanobacterial growth and 
subsequent decay

Nutrients

CH4 production

CH4  transport and CH4 oxidation

CH4  emissions to atmosphere

SEDIMENT

WATER COLUMN

WATERSHED ATMOSPHERE

Terrestrial organic matter

Suspended sediment deposition to lake sediment   
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Study Site
William H. Harsha (“East Fork”) Lake
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H3: The combination of OM quantity and source is the best predictor of methane production rates in 
Harsha Lake.

Model Hypothesis AICc Rank Model probability wi Evidence ratio Marginal R2 Conditional R2

H1 quantity -13.4 3 0.003 370.6 0.48 0.87
H2 source -15.6 2 0.008 123.8 0.33 0.85
H3 quantity + source -25.2 1 0.989 0.70 0.89

Marginal R2 0.70

Conditional R2 0.89

Model summaries: 
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1. Establish if methane production rates and OM source and quantity 
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Microbial decomposition of OM

Primary fermenting bacteria

Anaerobic oxidizing bacteria

Methanogenic archaea

From Angelidaki et al (2011), modified from Batstone and Jensen (2010)



Spatial variation: Methanogen abundance



Methanogen taxonomy
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Luo et al. (2009)



Methanogen taxonomy

Methanosarcinales

Methanomicrobiales

Methanopyrales

Methanobacteriales

Methanococcales

Obligate acetate-
utilizing methanogens 

Facultative acetate-
utilizing methanogens 

Hydrogen-utilizing 
methanogens 

Luo et al. (2009)



Relative abundance of methanogen genera by zone



Relative abundance of methanogen genera by zone



Conclusions

• The riverine zone was different in its methane production rates, 
sediment characteristics, and methanogen composition

• Quantity and source of OM combined better predict methane 
production rates than either quantity or source alone

• The proportion of algal-derived OM in the bulk sediment was 
negatively correlated to methane production rates.
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