Replies to reviewer comments to bg-2016-422

Reply: First, we would like to thank Dr. Susan Mau, Dr. Darcy Rush, and the anonymous
Reviewer for their comments that will definitely improve the manuscript. Generally, all three
Reviewers wrote that our MS presents interesting new data (“The authors present a
comprehensive, well written study that comprises a rather long time series and a combination
of field data with experiments.” “I especially appreciate the experimental set-up, as it is
certainly very tricky to perform incubations at defined O, and CHs concentrations!”).
Reviewers 1 and 3 agreed that if the questions/suggestions they had would be incorporated,
the MS would be publishable with minor revisions (“Therefore, I recommend publication of
the manuscript after considering my few comments and remarks.” “...I believe the paper is
publishable with minor revisions, below”), whereas Reviewer 2 did not specify
recommendations for the extent of revisions (i.e. minor/moderate/major). Below, we included
a point-by-point reply to the comments/concerns of all three Reviewers.

Comments by Reviewer 1, Dr. Susan Mau:

1. Section 4.2 of the discussion: I don’t understand why the authors do only shortly discuss
different methanotrophic bacteria as the source of higher/lower methane turnover. It is
known that type Il methanotrophs can utilize methane better at low oxygen concentrations
whereas type I methanotrophs utilize methane at higher oxygen concentrations (Amaral and
Knowles, 1995). There is also a difference of biomass incorporation between these two types,
type Il can assimilate much higher portions of CO; as carbon source (up to 50%) than type 1
methanotrophs (up to 15%) (see reference in Strong et al., 2015, Environmental Science and
Technology, 49, 4001-4018). Taking both aspects together could explain the different
assimilation patterns and turnover rates obtained.

Reply: Interesting point! That would imply, however, that type II methanotrophs should be
active at low oxygen concentrations, and then assimilate higher portions of CO, as a carbon
source than type I methanotrophs, which would be active at higher O, concentrations. Yet, we
observed the opposite relationship: at low oxygen concentrations, less carbon was
incorporated, so that our observations cannot be explained by a switch-over from type I to
type II methanotrophy. Additionally, unpublished data from another study we carried out in
Eckernforde Bay show that there are mostly type I MOB present, also arguing against this
hypothesis. We will discuss this hypothesis in the revised version of the MS.

2. Section 4.3.1 of the discussion: By using the temperature dependence, you can calculate
the Q10 factor and compare with the one derived in Bussmann et al., 2015 (L&O Methods,
13, 312-327). Taking the Q10, you can further evaluate the in- or decrease of MOx-rates due
to temperature and compare those with your field data. If you know the MOx-rate change due
to temperature, you can differ between the temperature and oxygen effect in your field data. It
would be great to know if temperature or oxygen has a stronger effect on methane turnover.

Reply: Thank you for this suggestion. We tried it, and obtained values between 1.4 and 2.2
for Q10 calculated according to Bussmann et al. (2015) for Sept. 2013 and Feb. 2014. In the
recent literature, the use and comparability of Q10 is discussed. Alster et al. (2016, Front.
Microbiol.), for instance, write: “Q10 gives a false sense that a single constant can
characterize the temperature sensitivity of a system (Davidson and Janssens, 2006). In order
to overcome this obvious discrepancy authors using Q10 often present multiple temperature
sensitivity values at different temperature ranges for a given system, leading to results that are
often difficult to compare.” We think that the data set we obtained in our experiments
contains insufficient data points (4-6) per date and depth in order to calculate robust/reliable
Q10 values. Already the simple inspection of our data set allows a semi-quantitative
assessment of the higher relative importance of O, versus T in regulating MOx. This will be
clarified in the revised MS.



3. Section 4.4 of the discussion: The fraction of MOx (FMox/Ftot in %) is high during
stratification, because Fatm is low, not because of higher MOx-rates (attached Fig. 1). Water
column stratification clearly affects the sea-air flux (right graph of Fig. 1). I see a better
distinction between the seasons by solely comparing FMOx. If I list FMOx from lowest to
highest, I get: spring 11.7, summer 12.7, winter 14.5, summer 27.3, fall 28, fall 29.6, fall 33,
fall 82.3 mol/m2d, that is FMOx is always higher in fall compared to the other seasons. As
this already illustrates that ‘MOx exhibits a seasonal variability’, why do you calculate the
MOx-fraction of the total loss terms of methane (FMOx + Fatm)? I recommend to stick to
your results of FMox and Fatm and delete the Ftot assumption as the flux of methane from
the ground was not measured. Ignoring dispersion and advection of methane in the water
column might be an oversimplified view, which can easily produce wrong results.

Reply: Thank you very much for this valuable input. We agree that we simplify the system,
ignoring dispersion and advection of methane. We will revise the MS according to your
comments (i.e., take out the assumption of Ftot=FMOx+Fatm). Reviewer 2 suggested to
calculate total methane content of a given date and to relate the estimate to FMOx and Fatm,
which we will do in the revised version of the MS. With regard to the second part of your
comment: it is true, indeed, that Fatm is always lower when stratification is higher. In this
context, we will add the figure you attached to your review made with our data in the
supplement. The point we wanted to make, though, is that without any methane oxidation,
methane concentrations would reach very high levels. Our assumption was that Fatm is low
mainly because methane is trapped more efficiently and for a longer period of time
underneath the thermocline/density gradient, and hence there is more time for methane
oxidation to proceed. We will clarify this in the updated MS.

4. Figure 4: Do you have any explanation, why so less carbon was assimilated? I know ratios
of biomass to CO2 of 0.12-0.4. Your results appear much lower.

Reply: We think that the ratio of carbon incorporated to CH, turnover is highly dependent on
the environmental conditions. Especially in low-oxygen experiments, methanotrophs appear
to encounter sub-optimal conditions, where growth is limited. Similarly, high sulfate turnover
rates were measured sulfate reducer assays, but growth could almost not be detected under
sub-optimal conditions (Cypionka 2000, Annu. Rev. Microbiol.). In some of the incubations,
the measured C-incorporation/MOx ratios reached up to 0.09, which is not far from the range
you mentioned.

Minor remarks:
Page 1, line 21: Please change ‘always’ to ‘generally’ as you write later in the manuscript
that in Nov. 2013 MOx-rates were higher in the water column than just above the ground.

Reply: We will do that.

Page 2, line 6: Here you could use an ‘old’ reference in addition, which describes the
degradation of organic matter by methanogenic archaea, otherwise it seems like it is a newly
discovered process.

Reply: We will do that.

Page 4, line 17: The use of mercury chloride solution should be avoided as it is very toxic. In
addition, mercury chloride can be transformed to less toxic substances by methanotrophs and
thus might not poison all methanotrophs (Boden and Murrell, 2011, FEMS Microbiol Lett
324, 106-110).

Reply: Thank you for this suggestion. We already changed to using NaOH to fix the samples
in our lab. We are aware of the potential biasing effects of using HgCl in MOx incubations.



However, in the experiments presented in this publication, the killed controls were about 1%
of the average tracer turnover in our experiments, and we can hence conclude that most
methanotrophs were poisoned. An advantage of using HgCI2 is that it does not alter the
solubility of gases as much as the addition of high-concentrate NaOH.

Page 5, line 25: It would be nice to include the difference of the temperature of the
experiments to the in situ temperature in this section, otherwise the reader has to search the
text for it.

Reply: That’s a very good suggestion, which we will follow.

Page 6, line 11: The value 600 is the Sc of CO, at 20°C in freshwater. The Sc of CH, is
slightly different: 617 at 20°C in freshwater. Wanninkof, 2014 (L&O Methods, 12, 351-362)
forwards an equation to derive Sc for both seawater and freshwater from temperature. Please
include an error evaluation, what effect does this change have.

Reply: The kw value was taken from Raymond and Cole (2001) as k600 for CO,. To this end,
we needed to correct kw for CH, by multiplying it with (ScCH4/600)"-0.5, where ScCH,4 is
the Sc number for CH4 computed for the temperature and salinity at the time of the
measurements. The equation(s) for the Sc number given by Wanninkhof (2014) are valid only
for sal 35 (open ocean) and O (freshwater). Please note that the salinities in the Eckernférde
Bay range from 12-24 (see Lennartz et al., Biogeosci., 2014) and, therefore, the Wanninkhof
equations are not applicable.

Page 6, line 17: The numbers of kW are for CO2, please state this in the text.

Reply: We modified equation (4) which reads now: Fatm = k600 (ScCH4/600)*-0.5 x ([CHa]
— [CH4leq) and state in the text ‘Following the recommendation by Raymond and Cole (2001)
for coastal systems, we used 3 cm h-1 (= 0.83*%10%-6 m s-1) and 7 cm h-1 (=1.94*10"-5 m s-
1) as minimum and maximum values for k600, respectively.’

Please note that the originally cited values were erroneously cited from Bange et al. (2010), as
they report a kw value that already includes the Sc correction.

Page 8, line 2, 3, 5: Why is there a difference in oxygen concentration between *H-CH, and
"“C-CH, experiments? For *H-CH, experiments you differ between above and below 15
umol/L, but for "*C-CH, you differ between above and below 0.5 umol/L.

Reply: The experiments with *H-CH, were performed with a range of different oxygen
concentrations (Figure 3), whereas the experiments with "C-CH,4 were only carried out with
two different oxygen concentrations (saturated and below 0.5 umol/l). We will add some
clarifications in the method section.

Page 9, line 28: Are the results of the pearson and two-tail’s student test derived for the
relationship kv. CH, or MOx v. CH,? I assume it is for the relation k-CH,, could you include
the test results for MOx-CH,, too.

Reply: The results included in the MS are for k versus CHy. The results for MOx versus CHy4
show qualitatively exactly the same, but with different numbers. We will include test results
for MOx-CHy in the updated version. Reviewer 2 also asked for clarification/streamlining of
different statistical tests carried out with k and/or MOx versus other parameters. We agree
that it was not always clear, and we will improve this part in the revised version of the MS.

Page 12, line 25: This unusual oxygen profile is not visible in Fig. 2.

Reply: This is indeed difficult to see in the contour plot. We will add a profile plot of the



Reply: November 2013-sampling to the supplementary section.

Tab. 2: The units are wrong. It should be flux units per unit square area (_mol m-2 d-1), not
per volume.

Reply: Thank you very much for noticing. We will correct this.

Answers to Reviewer 2:

The study from Steinle et al on the "Effects of low oxygen concentration on aerobic methane
oxidation in hypoxic coastal waters* is well written and very interesting. 1 especially
appreciate the experimental set-up, as it is certainly very tricky to perform incubations at
defined O, and CH, concentrations! However, I have some questions and remarks (most of
them are typed into the pdf file).

I think it is a bit confusing that the authors jump between the usage of k’ and MOX.
Sometimes they report on corelation for MOX and some times corelations for k. This should
be handled in a more coherent way.

Reply: We will make sure to be consistent in an updated version of the manuscript.

The statistic tests should be explained in more detail in the M&M section, and not in the
figure legends.

Reply: We will add a paragraph about the statistics in the M&M section, but we also want to
keep it in the figure legends.

I also think that there are more informations hidden in the in situ data. For example one
could split the data set into surface and bottom water and than do separate statistics.

Reply: We tried this before, but did not gain additional information from the data set. We will
upload our data on PANGAEA so the data is available for independent analyses by other
research groups.

In addition I thought it is good / common practice now that at least the in situ data should be
made available for the public. I could not find any indication here!

Reply: See comment above.

Reply: In addition to these general comments, Reviewer 2 had several minor remarks and
suggestions for improving the manuscript marked in an annotated pdf file. We will follow
essentially all suggestions. We added our replies to the comments directly in the pdf file.
Some of the more important remarks marked in the pdf include the use of the most recent
equation to calculate methane fluxes and re-evaluate how we calculate the fluxes and methane
reservoirs in the water column. For this, please also see our comments in the pdf file, as well
as our response to Reviewer 1. Additionally, Reviewer 2 asked for more specifications on the
experimental procedures of the oxygen manipulation experiments, which we will provide.
Finally, Reviewer 2 also asked us to calculate Q10 based on data from our temperature
incubations. For this, see our response to above.

Answers to Reviewer 3, Dr. Darci Rush:

.. 1 was left frustrated that the authors continuously postulated hypothetically on their
results without delving into actually exploring them in their discussion. For example, the
simple act of investigating the aerobic methanotrophic community structure in their samples
would allow them to do more than speculate about (1) temperature effects and water inflow



for the North Sea causing certain time events to have dissimilar methane oxidation rates, (2)
temperature optima for different aerobic methanotrophs, and (3) different metabolic functions
of different communities. Was there a reason the genetics were not performed? At the very
least, why not investigate the fatty acid content of these experiments to see if there is indeed a
shift in functioning and/or community. I feel that the manuscript would be greatly improved
with methanotroph community and biomarker data. However, if there is a valid reason for the
lack of community data or these data will appear in a future paper, and the text is revised to
explain this, I believe the paper is publishable with minor revisions, below.

Reply: Reviewer 3 felt that the manuscript would be improved by additional genetic- and/or
biomarker analysis. While this is, in principal, a very good suggestion, such analyses would
go far beyond the scope of our manuscript. The main goal was not to investigate the
methanotrophic community, but rather seasonal changes in methane-oxidation potential and
biogeochemical controls. We did not carry out biomarker analysis of seawater samples
because detection of methanotrophs, or even more specifically, constraining changes in the
methanotrophic community is not straightforward based on biomarker analyses alone, as lipid
specificity is limited, and since methanotrophs represent typically only a minor fraction of the
marine microbial community. Hence, methanotrophic biomarker signatures may be masked
by more abundant lipids.

Indeed, in order to detect changes of the methanotrophic communities, a (work-intensive)
molecular approach (i.e., NGS, clone libraries, qPCR) would have helped. Yet, again, this
would have exceeded the framework of our MS. Similarly, in order to investigate the different
metabolic functioning of communities at low and high oxygen concentrations, studies aiming
at tracing the methane-carbon inside the methanotrophs would have to be conducted, which
we are currently working on.

The discussion on possible shifts in the microbial community only plays a minor role in the
manuscript, and we agree that this part of the paper remains rather speculative since we do
not provide any genetic analysis. Nevertheless, as a starting point for future work, it seems
worthwhile to cautiously state that shifts in the temperature optimum may be linked to
microbial community changes. We will moderate our previous statements in the updated
manuscript.

Specific comments.: There seems to be a lack of consistent acronym for aerobic methane
oxidation in our community. 1 feel that the acronym chosen here (MOx) is not specific enough
to aerobic methane oxidation. Perhaps AMOx could be used instead?

Reply: “MOx” as an abbreviation for aerobic oxidation of methane is quite widely used (and
distinct from the acronym AOM, which is used for the anaerobic modes of methane
oxidation); see for example Mau et al. 2016, BG; James et al. 2016, L&O; Pack et al. 2015
JGR Biogeosciences; Steinle et al. 2015, Nature Geoscience; Lofton et al. 2014,
Hydrobiologia, Niemann et al. 2006, Nature. For consistency we prefer to keep MOx as an
abbreviation. Its first use in the text is be explained.

Fig.1 I'm not sure if it’s just my pdf version but the figure is incredibly small and it could be
more detailed

Reply: We will improve the figure accordingly.

Page 4 line 16: change determinations to measurements

Reply: We will change that.

Page 4 line 26: what is the in situ temperature? Did it change seasonally?

Reply: Yes, the in situ temperature changed seasonally, and with depth (Figure 2). Samples



were incubated at the corresponding in situ temperature (different for instance, below and
above the thermocline). Sample locations and corresponding in-situ temperatures are already
depicted in Figure 2. We will refer to Figure 2 on line 26 of Page 4.

Page 6 line 3: what temperatures exactly?

Reply: The different temperatures are provided Figures 5 and S2. This will be clarified in the
revised text.

Page 10 line 32: insert “in the Baltic Sea” between “evidence that MOB” and “are well
adapted”.

Reply: We will do that.

Figure caption for Fig 3: panel (d) is mislabelled (b). Alternatively to 3c and 3d, a table with
initial and final O2 concentrations for both sets of experiments might be more informative?

Reply: We will correct this in the revised version. We will add a table with MOx rates, O2
consumption rates etc. in the supplementary section.



