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General comments The manuscript describes how a new technology/sensor can im-
prove our knowledge on the distribution and the dynamics of CH4 over an Arctic seep
area. This technology uses a laser spectrometer and a membrane inlet to extract the
gas from the aqueous phase. The manuscript is clearly written, results and discus-
sion are well presented, although a bit confusing when it gets to the description of the
models (a schematic/conceptual model would have been appreciated).

Without any doubt, the lack of in situ, high-resolution measurements of methane in
marine environments makes difficult to fully understand their role as a source and/or
a sink of methane. This is probably for this reason the contribution of the oceans to

C1

the global methane budget has been underestimated. So every effort to develop and
test new sensors and technologies must be encouraged. In that regard, the manuscript
does represent a significant contribution towards a better comprehension of the marine
methane cycle, and therefore, deserves to be published in OS, upon minor revision.

However, I would not say this is a first. Yes it is the first time that this particu-
lar technology is deployed in operational conditions – with satisfying results – but
this is not the first attempt to get a high-resolution map of CH4 distribution in ma-
rine environments. Just to name a few studies on the subject: Sommer et al 2015
(10.1016/j.marpetgeo.2015.08.020), Gentz et al 2014 (10.4319/lom.2012.10.317),
Wankel et al 2009 (10.1016/j.dsr2.2010.05.009)... Perhaps, this new sensor has better
performance in terms of detection limits and response time, but it’s very hard to find
them in the manuscript. How does the MILS compare to them?

The development of CH4 sensors has been the holy grail for decades now, and a
few technologies emerged from this effort. Each of them were considered as the new
solution but I think the main mistake is to believe that one instrument can address the
full range of concentrations encountered in the ocean – from 0.1 nM to several mM.
This is of course not possible and the instrument must be adapted to the scientific
question. In that regard, the MILS seems to be very well adapted to the environmental
conditions in which it was deployed. Can the MILS be deployed in oligotrophic waters,
i.e. at very low concentrations? And can it measure very high concentrations like in the
Black Sea or in the Baltic Sea?

One big question at the moment is the role of phytoplankton blooms on the emission
of methane to the atmosphere. There are many areas in the open ocean that are char-
acterised by methane anomalies in the upper layer (i.e. the ocean methane paradox).
Concentrations are not necessarily very high (up to 5 nM) but enough to oversaturate
the upper layer, and therefore create a positive flux to the atmosphere. Is the MILS
able to measure concentrations in this range? I think the effort must be now pointed
to low concentration measurements. Anyhow, if one can adapt this instrument to lower
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concentrations, and then if it can be deployed on AUVs (or any other autonomous plat-
forms), then we will definitely advance the knowledge on the marine CH4 budget. The
ideal would be to use this kind of instruments for process studies, i.e. in situ measure-
ments of production/ consumption rates, which will further advance the comprehension
of the biogeochemical cycle of methane.

Specific comments Line 28: I would rephrase ‘contributing to minimum oxygen zone
formation, and possibly to ocean acidification, as a result of the oxidation of methane’.
This last point is still under debate as it is impossible to evaluate precisely the contri-
bution of methane oxidation to the production of CO2 (again because of the lack of in
situ data). And yet, the dynamics of these 2 gases are very different.

Lines 40 to 49. I would moderate the discussion here. I think we should view
echosounding as a complementary technique to dissolved gas measurements. The
big advantage of the echosounding technique is to locate seeping areas while mea-
suring only dissolved methane cannot help deciphering the sources. As for example,
in the Black Sea, concentrations are so high that it is impossible to detect the seeping
areas other than using echosounding. One advantage I can see is to evaluate the dy-
namics of bubble dissolution in the water column as gas bubbles are a mean of transfer
of methane from the bottom to the surface.

Line 53 I would not put in situ mass spectrometry away so quickly. It is commonly used
in deep sea studies, especially in hydrothermal environments. Check Boulart et al.
2017, G3. It may have a slower response time but its main advantage is the ability to
detect and measure several analytes in the same time.

Line 101 What is the autonomy of the MILS? What is the power consumption?

Line 101 So the MILS uses exactly the same sample introduction system as in situ
mass spectrometers. I guess this is the same kind of PDMS membranes? As the
authors wrote, membranes are sensitive to fluctuating water flow. I would add ‘pressure
of deployment’ as well. Membrane’s permeability is not the same when deployed at the

C3

surface and at 100m depth. How is the pressure effect calibrated? A table comparing
MILS’ performance with other instruments would be useful here, so the reader can see
the advantages of using MILS rather than an ISMS or something else.

Line 114 What do the authors mean by ‘careful positioning of the SBE5T’? How do they
minimize the pressure change? Is the pump very close to the membrane inlet?

Lines 185-195 Was it obtained with the SBE or with the Anderaa?

Section 3.2 Why do the author use ‘m above seafloor’ as the vertical scale for their
casts? This is unusual and can be confusing for the reader. Please use ‘m below sea
level’ for all vertical casts. When is the pump started during vertical or horizontal casts?
I guess it is a continuous flow?

Lines 349-356 The authors do not mention the possibility of methanotrophy (microbial
oxidation), which is the main control of the vertical distribution of methane in the water
column. They can refer to the studies in the Black Sea where concentrations close to
the seafloor is up to 12 µmol/l. See Schmale et al 2011, BGS.
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