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The „Bubble Shuttle“ Process
Introduction
19 mega tonnes of methane are released into the atmosphere from oceans
surfaces. However ,this is just a fraction of the methane released from the
sediment into the oceans. The majority is disappearing in microbial
methane sinks. The two dominant communities are the anaerobe methane
oxidising archaea (ANME) and the methane oxidising bacteria (MOB),
where as the first are more relevant in the sediment and the latter in the
water column. This leads to an end-to-end methane filter.
A pilot study at the Rostocker Seep site (Coal Oil Point seep field, USA) was
conducted to test the hypothesis that these two sinks are linked by a
bubble-mediated transport of methane-oxidising microorganisms from the
sediment into the water column .
For that the gas bubbles from cold seeps were directed into a glass cylinder
with sterile seawater. This water, the sediment around the seep and the
water column were then analysed with Catalysed Reporter Deposition
Fluorescence In Situ Hybridization (CARD-FISH).

Figure 1: Experimental outline of the “Bubble Shuttle“ process. The seeping bubbles have to
go through sediment layer inhabited by methane oxidising microorganisms (coloured
circle). Particles and microorganisms are entrained into the water column by the passing
bubbles.

The proof of the new bentho-pelagic transport process 1
MOB were detected in the sediment and the water column, whereas
ANME-2 were exclusively present in the sediment (Table).
Our “Bubble Catcher”-experiments clearly demonstrate bubblemediated MOB transport from the sediment into the water column
(Table). In contrast, ANME-2 were not detected in the “Bubble

Figure 2: Epifluorescence images of aerobic
methane oxidising bacteria (MOB) and
anaerobic methanotrophic archaea (ANME-2)
cells visualized by 4’, 6-Diamidin-2phenylindol (blue) and Catalysed Reporter
Deposition
Fluorescence
in
Situ
Hybridization (CARD-FISH, green). MOB cells
were identified applying the combined
probes M(α)450, M(γ)84, and M(γ)705.
ANME-2 cells were identified using probe
ANME 2-538. A, B: Aggregates of MOB cells
obtained from the water column above the
seep gas vent (BC “vent” experiment). C, D:
MOB cells present in 1 cm sediment depth at
the seep gas vent. E, F: ANME-2 aggregates
present in 3 cm sediment depth at the seep
gas vent. The scale bar is 10 µm.

Catcher”.
MOB abundance in the water column
depth below sea-air
interface [m]
0 (surface microlayer)
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10 (bottom water)

DAPI
cm-3 water
4.39 ×105
1.08 ×106
1.07 ×106
8.75 ×105
7.87 ×105
6.01 ×105
6.25 ×105

CARD FISH
cm-3 water
1.61 ×103
n.d.
n.d.
2.37 ×103
n.d.
n.d.
1.01 ×103

% of DAPI
stained cells
0.4
n.d.
n.d.
0.3
n.d.
n.d.
0.2

Bubble Catcher experiments
BC “vent”
BC “blank”

3.42 ×105
1.09 ×105

1.23 ×103
n.d.

0.4
n.d.

Quantification of the „Bubble Shuttle“ Process
Figure 3: 1.5 m gridded
bathymetry (cruise M82,
2010) of the 22/4b crater,
illumination from
northwest. Depth profile
was taken from A (NW)
across the crater to B (SE).
Rim scars are indicated by
arrows 2.

The Blowout location in the North Sea is a strong
single point methane source (Figure 3). In
contrast

to

other

seeps

this

geographical

exceptional position enables a quantification of
the “Bubble Shuttle“ process’ contribution to the
methane oxidation in the water column.
For that a “Bubble Catcher” experiment was

Figure 4: Sampling process
of the “Bubble Catcher“
during a dive with the ROV
PHOCA. The gas bubbles
are seeping through the
sediment into a large glass
cylinder focused by the
funnel.

conducted in the Blowout crater and a water
column grid was sampled around the Blowout
(Figure 4 and 5). In addition, a “Bubble Catcher”
blank experiment with an artificial gas source

Figure 5: Blowout location
(red mark) and average
tidal ellipse current (black
oval, modelled by Ulf
Gräwe). The black marks
are the in and out
sampling transects.

without sediment contact and a reference
sampling site were sampled as control.

Outlook
The next step is to analyse the obtained samples from the “Bubble Catcher”, sediment and
water column regarding the parameters: MOB abundance, methane oxidation rates and
methane concentration. This data will be entered into a model in order to quantify the impact of
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the “Bubble Shuttle” process to the local methane sink. In addition, 16S rRNA datasets will be
created to evaluate the phylogenetic relationships between benthic and pelagic methanotrophs
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at this seep site.
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Figure 6: ROV PHOCA mounted with the “Bubble Catcher”.

