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Freshwater CH, emissions (Tg C
yr')

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).

A Methane emission rates
23700 log CH, emissions
(mg CH, m?hr')
+ 0.1 @10

23600~ o1 @100

23500~

g (m)

Stratum

Open water
Tributary

n

23400-

North

23300-

23200-

23100~

101400 101600 101800 102000
Easting (m)



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.
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Algal OM additions to sediment incubations stimulated greater increase in CH, production
than terrestrial OM additions (West et al. 2012).
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Fig. 2 Mean CH, production rates of Diamond Lake sediment cores
with added algal biomass, added terrestrial carbon and control
(one-way anova, F = 12.5, P = 0.007, d.f. = 2, 6). Error bars indicate
one standard deviation of the mean.



Organic matter (OM) availability is a constraint on sediment methane production.
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Reservoirs can be divided into functional zones based on spatial variability (Thornton et al.

1990).
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Study Site

William H. Harsha (“East Fork”) Lake
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Objectives

1. Establish if methane production rates and OM source and quantity
exhibit distinct variation among reservoir zones.

2. Determine the relative influence of OM source and OM quantity on
methane production rates.

3. Describe the variations in abundance and taxonomy of
methanogen communities.



Spatial variation: Methane production rates
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Spatial variation: Organic matter source
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Spatial variation: Organic matter source
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Spatial variation: Organic matter source
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Spatial variation: Organic matter source
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Spatial variation: Organic matter source

Proportion of algal derived OM
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Spatial variation: Organic matter source
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Establish if methane production rates and OM source and quantity
exhibit distinct variation among reservoir zones.
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methane production rates.
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H1: Organic matter quantity is the best predictor of methane production rates in Harsha Lake.

Marginal R? 0.48
Conditional R2 0.87
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H2: Organic matter source is the best predictor of methane production rates in Harsha Lake.

Marginal R? 0.33
Conditional R2 0.85
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H2: Organic matter source is the best predictor of methane production rates in Harsha Lake.

Marginal R? 0.33
Conditional R2 0.85
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H3: The combination of OM quantity and source is the best predictor of methane production rates in
Harsha Lake.

Marginal R? 0.70
Conditional R2 0.89
Model summaries:
Model Hypothesis AlCc Rank Model probability w; Evidence ratio Marginal R2  Conditional R?
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
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Microbial decomposition of OM
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Spatial variation: Methanogen abundance
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Methanogen taxonomy
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Relative abundance of methanogen genera by zone

Methanosarcinales; Methanosaeta - 19.6 15.2 16.6

Methanobacteriales; Methanobacterium - 15.1 9.6 7.3
Methanomicrobiales; Methanolinea - 2.8 6.4 4.8
Methanosarcinales; Methanosarcina - 15.4 0.5 04
Methanomicrobiales; Methanoline - 14 1.7 3.6
Methanomicrobiales; Methanospirillum - 4.3 0.8 1.3
Methanocellales; Rice_Cluster_| - 0.9 0.1 0.3
Methanomicrobiales; SMS-sludge—7_unclassifie - 0.3 0.1 0.5

Methanosarcinales; Candidatus_Methanoperedens - 04 0.8 0
Methanomicrobiales; Methanomicrobiales_unclassifie - 0 0.4 04

Methanosarcinales; Methanolobus - 0.8 0 0
Methanomicrobiales; Methanomicrobiales_unclassified - 0.4 0.1 0.2

Methanosarcinales; Methanomethylovorans - 0.6 0 0

Methanobacteriales; Methanobrevibacter - 0.4 0 0
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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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