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Media release, 3 March 2015

Methane consumption by aerobic bacteria in anoxic lake waters

Methane oxidation fuelled by algal oxygen production

Methane emissions are strongly reduced in lakes with anoxic bottom waters. But here —
contrary to what has previously been assumed — methane removal is not due to archaea or
anaerobic bacteria. A new study on Lake Cadagno in Canton Ticino shows that the
microorganisms responsible are aerobic proteobacteria. The oxygen they require is produced
in situ by photosynthetic algae.

In contrast to oceans, freshwater lakes — and tropical reservoirs — are significant sources of methane
emissions. Methane, a greenhouse gas, arises from the degradation of organic material settling on the
bottom. Although lakes occupy a much smaller proportion of the Earth’s surface than oceans, they
account for a much larger proportion of methane emissions. Well-mixed lakes, in turn, are the main
contributors, while emissions from seasonally or permanently stratified lakes with anoxic bottom
waters are greatly reduced. It has been assumed to date that the methane-removing processes
occurring in such lakes are the same as those in marine systems. But a new study” carried out on
Lake Cadagno (Canton Ticino) by researchers from Eawag and the Max Planck Institute for Marine
Microbiology (Bremen, Germany) shows that this is not the case.

The scientists demonstrated that methane is almost completely consumed in the anoxic waters of
Lake Cadagno, but they did not detect any known anaerobic methane-oxidizing bacteria — or archaea,
which are responsible for marine methane oxidation. Instead, water samples collected from a depth of
around 12 metres were found to contain abundant aerobic proteobacteria — up to 240,000 cells per
millilitre.

“We wondered, of course, how these aerobic bacteria can survive in anoxic waters,” says first author
Jana Milucka of the Max Planck Institute for Marine Microbiology. To answer this question, the
behaviour of the bacteria was investigated in laboratory experiments: methane oxidation was found to
be stimulated only when oxygen was added to the samples incubated in vitro, or when they were
exposed to light. The scientists concluded that the oxygen required by the bacteria is produced by
photosynthesis in neighbouring diatoms. Analysis by fluorescence microscopy showed that methane-
oxidizing bacteria belonging to the family Methylococcaceae occur in close proximity to diatoms and
can thus utilize the oxygen they generate (Fig. 2).

Thanks to the combined activity of bacteria and diatoms, methane is thus consumed in the lake rather
than being released into the atmosphere. This type of methane removal has not previously been
described in freshwater systems. Project leader Carsten Schubert of Eawag comments: “For lakes
with anoxic layers, and also for certain marine zones, it looks as if the textbooks will have to be
rewritten.” Aerobic methane-oxidizing bacteria may play a significant role wherever sufficient light
penetrates to anoxic water layers; according to Schubert, this is the case in most Swiss lakes. Similar
observations have already been made in Lake Rotsee near Lucerne, in studies not yet published.
Research will now focus on deeper lakes, where initial investigations suggest that different processes
occur.
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1) Typical profiles of oxygen and methane
concentrations in Lake Cadagno. Methane
consumption occurs in a relatively thin water
layer at a depth of 10-13 metres.

(Data: Eawag / MPI-Bremen)
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2) Round diatoms (Di) in close proximity to
methane-oxidizing bacteria (fluorescent
green). Combination of fluorescence
microscopy and X-ray spectroscopic mapping
of silica. (Source: Eawag / MPI-Bremen)

3) Sampling was performed from a platform on
Lake Cadagno in Canton Ticino (southern
Switzerland). Photo: Jana Milucka, MPI-
Bremen
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