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Supplementary Figure 1: Measured (dots) and modelled (solid lines) profiles of temperatures and 
methane concentrations in 2016 in Lake Rotsee. The model overestimated methane concentrations in 
the epilimnion during the late overturn in autumn. The average differences (Δ = model-observation) 
of the two topmost measurements to modeled values are indicated. 
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Supplementary Figure 2: Yearly cumulative abundance of the seven MOB species with trait 
values measured in Lake Rotsee (see also Supplementary Table 1). The seven species were 
simulated as a community with equal abundance at the beginning of the simulation. After the 
seventh year, only two of the seven species (MOB1 and MOB5) establish a recurrent stable 
coexistence. The other species show decreasing abundance from year to year.  
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Supplementary Figure 3: Rotational projection of trait values around the normalised temperature 
axis onto a single plane. Thereby, the affinity and growth axes collapse to a single axis. Violet and 
green dots represent trait values on the two stability surfaces shown in Figure 6, panels A and B, 
respectively. Measured trait values of MOB communities in Lake Rotsee are shown as black dots.  
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Supplementary Figure 4: Typical profiles of measured (dots) and modelled (solid lines) 
temperatures and methane concentrations in 2016. Same data as in Figure 2, with methane 
concentrations shown on a logarithmic scale.  
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Supplementary Table 1: Trait values of model “species” derived from MOB communities in Lake 
Rotsee (based on data from Mayr et al., 2020). Layer: H= Hypolimnion, E=Epilimnion. 

 

Species Date/Layer Depth [m] 𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜[°C] 𝐾𝐾𝑀𝑀 [𝛍𝛍mol m-3] 𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚 [s-1] doubling time [d] 

MOB1 10.10.17 E 2 16.2 732 1.4 10-5 0.57 

MOB2 10.10.17 E 6.2 16.0 878 6.0 10-6 1.35 

MOB3 10.10.17 H 10 8.3 15’164 6.0 10-6 1.33 

MOB4 23.11.17 H 13 6.9 7’141 4.6 10-6 1.75 

MOB5 07.12.17 H 13.5 6.9 6’085 1.3 10-5 0.64 

MOB6 09.01.18 E 4 5.0 1’225 6.1 10-6 1.31 

MOB7 09.01.18 H 15 5.0 2’656 6.9 10-6 1.16 

 

Mayr, M. J., Zimmermann, M., Dey, J., Wehrli, B., and Bürgmann, H. (2020). Lake mixing regime 
selects apparent methane oxidation kinetics of the methanotroph assemblage. Biogeosciences 
17, 4247–4259. doi:10.5194/bg-17-4247-2020. 

  

https://www.zotero.org/google-docs/?AtNbo2
https://www.zotero.org/google-docs/?zc48Vp
https://www.zotero.org/google-docs/?zc48Vp
https://www.zotero.org/google-docs/?zc48Vp
https://www.zotero.org/google-docs/?zc48Vp
https://www.zotero.org/google-docs/?zc48Vp
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Supplementary Table 2: Phylogenetic affiliation of most abundant pmoA transcripts in 
trasncriptomes obtained from MOB communities in Lake Rotsee (Mayr et al., 2020). The associated 
pmoA sequences (FASTA files) can be found in the data repository associated with the paper: 
https://doi.org/10.25678/0001fa) 

  

https://www.zotero.org/google-docs/?AtNbo2
https://doi.org/10.25678/0001fa
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Supplementary Methods 1: Full set of equations of the biogeochemical model 

Parameters are given in Table 1 of the main text. Areas A and volumes V for each grid cell of the 
finite volume discretization were derived from the lake bathymetry. 

Exchange flux with the atmosphere (CH4 and O2): 

𝐹𝐹𝑚𝑚𝑜𝑜𝑚𝑚 = 1/(2𝜋𝜋)(𝜖𝜖𝜖𝜖)1/4𝑆𝑆𝑐𝑐−1/2(𝐶𝐶 − 𝐶𝐶𝑒𝑒𝑒𝑒) 

The dissipation rates were pre-calculated with the physical model SIMSTRAT. The Schmitt 
numbers Sc for methane and oxygen were calculated according to Wanninkhof (2014). 

Water column 

Diffusion and reaction of quantity u (CH4, O2 and multiple MOB species): 

𝜕𝜕𝑜𝑜𝑢𝑢 = 𝐷𝐷𝐷𝐷2𝑢𝑢 + 𝑅𝑅(𝑢𝑢) 

The diffusion coefficients were pre-calculated with the physical model SIMSTRAT. 

Baseline oxygen consumption throughout the water column: 

𝑅𝑅𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 = 𝑊𝑊𝑊𝑊𝑊𝑊𝐷𝐷 

Methane oxidation rate: 

𝑟𝑟𝑀𝑀𝑊𝑊𝑀𝑀,𝑗𝑗 = 𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚,𝑗𝑗(𝑇𝑇)
[𝐶𝐶𝐻𝐻4]

[𝐶𝐶𝐻𝐻4] + 𝐾𝐾𝑀𝑀,𝐶𝐶𝐻𝐻4,𝑗𝑗

[𝑊𝑊2]
[𝑊𝑊2] + 𝐾𝐾𝑀𝑀,𝑊𝑊2,𝑗𝑗

𝐾𝐾𝐼𝐼,𝑊𝑊2
[𝑊𝑊2] + 𝐾𝐾𝐼𝐼,𝑊𝑊2,𝑗𝑗

 

𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚,𝑗𝑗(𝑇𝑇) = {𝑏𝑏𝑗𝑗(𝑇𝑇 − 𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚,𝑗𝑗)(1 − 𝑒𝑒𝑒𝑒𝑒𝑒[𝑐𝑐𝑗𝑗(𝑇𝑇 − 𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚,𝑗𝑗)])}2 

𝑐𝑐𝑗𝑗 = �𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚,𝑗𝑗𝐿𝐿𝐿𝐿𝐿𝐿𝑏𝑏𝑒𝑒𝑟𝑟𝐿𝐿𝑊𝑊�𝛾𝛾𝑗𝑗� − 𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜,𝑗𝑗𝐿𝐿𝐿𝐿𝐿𝐿𝑏𝑏𝑒𝑒𝑟𝑟𝐿𝐿𝑊𝑊(𝛾𝛾) + 𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜,𝑗𝑗 − 𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚,𝑗𝑗�/[(𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚,𝑗𝑗
− 𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜,𝑗𝑗)(𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜,𝑗𝑗 − 𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚,𝑗𝑗)] 

𝛾𝛾𝑗𝑗 =  −𝑒𝑒𝑒𝑒𝑒𝑒(
𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚,𝑗𝑗 − 𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜,𝑗𝑗

𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚,𝑗𝑗 − 𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜,𝑗𝑗
)(𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚,𝑗𝑗 − 𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜,𝑗𝑗)/(𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜,𝑗𝑗 − 𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚,𝑗𝑗)𝑏𝑏𝑗𝑗

= 𝑠𝑠𝑠𝑠𝑟𝑟𝐿𝐿(𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚,𝑗𝑗/((𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚,𝑗𝑗 − 𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜,𝑗𝑗)2 ∗ (𝑒𝑒𝑒𝑒𝑒𝑒(𝑐𝑐𝑗𝑗 ∗ (𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜,𝑗𝑗 − 𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚,𝑗𝑗)) − 1)2)) 

𝐿𝐿𝐿𝐿𝐿𝐿𝑏𝑏𝑒𝑒𝑟𝑟𝐿𝐿𝑊𝑊 is the inverse function of 𝑓𝑓(𝑒𝑒) = 𝑒𝑒𝑒𝑒𝑚𝑚 
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MOB methane and oxygen consumption in the water column by j MOB species: 

𝑅𝑅𝐶𝐶𝐻𝐻4 = −�
𝑗𝑗

𝑟𝑟𝑀𝑀𝑊𝑊𝑀𝑀,𝑗𝑗[𝑀𝑀𝑊𝑊𝑊𝑊]𝑗𝑗  

𝑅𝑅𝑊𝑊2 = −�
𝑗𝑗

(2 − 𝑦𝑦𝐶𝐶𝐶𝐶𝐶𝐶,𝑗𝑗)𝑟𝑟𝑀𝑀𝑊𝑊𝑀𝑀,𝑗𝑗[𝑀𝑀𝑊𝑊𝑊𝑊]𝑗𝑗  

Growth of j MOB species: 

𝜇𝜇𝑀𝑀𝑊𝑊𝑊𝑊,𝑗𝑗 = 𝑦𝑦𝐶𝐶𝐶𝐶𝐶𝐶,𝑗𝑗 ⋅ 𝑟𝑟𝑀𝑀𝑊𝑊𝑀𝑀,𝑗𝑗 − 𝐿𝐿𝑗𝑗  

𝐿𝐿𝑗𝑗 = 𝐿𝐿𝑚𝑚𝑚𝑚𝑜𝑜𝑚𝑚 + 𝐿𝐿𝑜𝑜𝑚𝑚
[𝑊𝑊2]

[𝑊𝑊2] + 𝐾𝐾𝑚𝑚𝑜𝑜,𝑊𝑊2,𝑗𝑗
 

𝑅𝑅𝑀𝑀𝑊𝑊𝑊𝑊,𝑗𝑗 = 𝜇𝜇𝑀𝑀𝑊𝑊𝑊𝑊,𝑗𝑗[𝑀𝑀𝑊𝑊𝑊𝑊]𝑗𝑗  

 

Exchange flux of CH4 and O2 with sediment: 

𝐹𝐹𝑠𝑠𝑒𝑒𝑠𝑠−𝑤𝑤𝑚𝑚𝑜𝑜𝑒𝑒𝑤𝑤 = 𝑘𝑘𝑠𝑠𝑒𝑒𝑠𝑠(𝐶𝐶𝑠𝑠𝑒𝑒𝑠𝑠 − 𝐶𝐶𝑤𝑤𝑚𝑚𝑜𝑜𝑒𝑒𝑤𝑤) 

 

In summary, the reaction term 𝑹𝑹(𝒖𝒖) is composed of the following components:  

𝑑𝑑[𝐶𝐶𝐻𝐻4]
𝑑𝑑𝐿𝐿

= 𝑅𝑅𝐶𝐶𝐻𝐻4 + 𝐹𝐹𝑠𝑠𝑒𝑒𝑠𝑠−𝑤𝑤𝑚𝑚𝑜𝑜𝑒𝑒𝑤𝑤𝐴𝐴𝑠𝑠𝑒𝑒𝑠𝑠/𝑉𝑉𝑏𝑏𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑚𝑚 − 𝐹𝐹𝑚𝑚𝑜𝑜𝑚𝑚𝐴𝐴𝑠𝑠𝑠𝑠𝑤𝑤𝑠𝑠/𝑉𝑉𝑠𝑠𝑠𝑠𝑤𝑤𝑠𝑠 

𝑑𝑑[𝑊𝑊2]
𝑑𝑑𝐿𝐿

= 𝐹𝐹𝑠𝑠𝑒𝑒𝑠𝑠−𝑤𝑤𝑚𝑚𝑜𝑜𝑒𝑒𝑤𝑤𝐴𝐴𝑠𝑠𝑒𝑒𝑠𝑠/𝑉𝑉𝑏𝑏𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑚𝑚 − 𝑅𝑅𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 + 𝑅𝑅𝑊𝑊2 − 𝐹𝐹𝑚𝑚𝑜𝑜𝑚𝑚𝐴𝐴𝑠𝑠𝑠𝑠𝑤𝑤𝑠𝑠/𝑉𝑉𝑠𝑠𝑠𝑠𝑤𝑤𝑠𝑠 

𝑑𝑑[𝑀𝑀𝑊𝑊𝑊𝑊]𝑗𝑗
𝑑𝑑𝐿𝐿

= 𝑅𝑅𝑀𝑀𝑊𝑊𝑊𝑊,𝑗𝑗 
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Sediment 

Diffusion and reaction of quantity u (organic matter OM, CH4 and O2 ): 

𝜕𝜕𝑜𝑜𝑢𝑢 = 𝐷𝐷𝐷𝐷2𝑢𝑢 + 𝑅𝑅(𝑢𝑢) 

The diffusion coefficient was taken from available literature (see main text). 

 

Exchange flux of CH4 and O2 with sediment: 

𝐹𝐹𝑠𝑠𝑒𝑒𝑠𝑠−𝑤𝑤𝑚𝑚𝑜𝑜𝑒𝑒𝑤𝑤 = 𝑘𝑘𝑠𝑠𝑒𝑒𝑠𝑠(𝐶𝐶𝑠𝑠𝑒𝑒𝑠𝑠 − 𝐶𝐶𝑤𝑤𝑚𝑚𝑜𝑜𝑒𝑒𝑤𝑤) 

 

Flux of organic matter into sediment: 

𝑅𝑅𝑊𝑊𝑀𝑀 = 𝐹𝐹𝑊𝑊𝑀𝑀,𝑠𝑠𝑒𝑒𝑠𝑠𝐴𝐴𝑠𝑠𝑒𝑒𝑠𝑠/𝑉𝑉𝑏𝑏𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑚𝑚 

 

Production of methane: 

𝑅𝑅𝐶𝐶𝐻𝐻4 = 𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚,𝑠𝑠𝑒𝑒𝑠𝑠
𝐾𝐾𝐼𝐼,𝑂𝑂2

[𝑊𝑊2]+𝐾𝐾𝐼𝐼,𝑂𝑂2,𝑠𝑠𝑠𝑠𝑠𝑠
[OM] 

 

In summary, the reaction term 𝑹𝑹(𝒖𝒖) is composed of the following components:  

𝑑𝑑[𝑊𝑊𝑀𝑀]
𝑑𝑑𝐿𝐿

= 𝑅𝑅𝑊𝑊𝑀𝑀 − 𝑅𝑅𝐶𝐶𝐻𝐻4 

𝑑𝑑[𝐶𝐶𝐻𝐻4]
𝑑𝑑𝐿𝐿

= 𝑅𝑅𝐶𝐶𝐻𝐻4 − 𝐹𝐹𝑠𝑠𝑒𝑒𝑠𝑠−𝑤𝑤𝑚𝑚𝑜𝑜𝑒𝑒𝑤𝑤𝐴𝐴𝑠𝑠𝑒𝑒𝑠𝑠/𝑉𝑉𝑏𝑏𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑚𝑚 

𝑑𝑑[𝑊𝑊2]
𝑑𝑑𝐿𝐿

= −𝐹𝐹𝑠𝑠𝑒𝑒𝑠𝑠−𝑤𝑤𝑚𝑚𝑜𝑜𝑒𝑒𝑤𝑤𝐴𝐴𝑠𝑠𝑒𝑒𝑠𝑠/𝑉𝑉𝑏𝑏𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑚𝑚 

Wanninkhof, R. (2014). Relationship between wind speed and gas exchange over the ocean revisited. 
Limnology and Oceanography: Methods 12, 351–362. doi:10.4319/lom.2014.12.351. 
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