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Dear Dr Volkman

Please find below detailed responsed to your comments on our submitted manuscript:

Interactive comment on “A quest for the biological sources of the ubiquitous long chain
alkyl diols in the marine realm” by Sergio Balzano et al.

J. K. Volkman (Referee) johnkvolkman@gmail.com Received and published: 19 April
2018 Balzano et al. report an attempt to identify the sources of long-chain alkyl diols
in samples of marine particulate matter in the tropical North Atlantic. The major com-
ponent that they observe, in common with most marine samples, is the C30 1,15-diol.
However, this is not the main chain-length in microalgae known to produce alkyl di-
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ols. For example, in marine eustigmatophytes the major diol is the C32 1,15-diol and
this is accompanied by other long-chain components such as n-alkenols and unsatu-
rated alkyl diols. The use of 18S rDNA to identify possible sources of organic matter
has been successful in other studies and thus the rationale for combining genetic and
biomarker data is soundly based. The fact that a clear source could not be identified
is salutary and raises useful questions as to how best to combine these techniques
in future studies. The paper is well written and the datasets are extensive and nicely
discussed. I support publication with some changes and corrections as set out below.

S Balzano: we thank Dr. Volkman for his positive comments on our manuscript. Please
find below detailed answers to the comments.

1) J Volkman: the Introduction provides all the background information, but the struc-
ture could be improved. The first few sentences are fine, but at line 52 the text jumps
to various proxies that have been developed. I think that it would be better to move
the information on possible sources (line 68) here so that the reader has a clear idea
of the type of distributions found and the differences between species. This should
include mention of which chain-lengths are abundant and what other biomarkers might
be present. This might be incorporated into Supplementary Table S1. This Table also
contains a number of unpublished results, but without detail. Some of these are sur-
prising (e.g., Heterosigma) and it is a bit disconcerting to see them referred to as known
diol producers when the information has not been published. Note that Rampen et al.
(2012) were not the first authors to remark that the distributions in eustigmatophytes
do not match those in marine samples (see Volkman et al., 1992).

S. Balzano: we will re-arrange the text such that we will first describe the possible
sources of LCDs. We do have some information about other diol producers which has
indeed not been published yet. We agree that this is unfortunate, since there are no
immediate plans for a separate publication of these results, but we propose to at least
list them here in the supplementary Table. They were grown by the culture collections
from which the algae were ordered and analysed according to the same methods as
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described here and we will clarify this on Table S1 as a footnote. We will cite Volkman
et al. 1992 in addition to Rampen et al., 2012.

2) J. Volkman: the next paragraph can then introduce the proxies and add more discus-
sion about their limitations. Like many biomarker proxies, these are empirically based
from geographically limited datasets and in some cases do not have a strong mech-
anistic underpinning as to why they appear to correlate with oceanographic features
such as temperature and upwelling. While a source of 1,14-diols is known from the
diatom genus Proboscia which provides an explanation for why these isomers might
be abundant where Proboscia is abundant, our lack of knowledge of the main source
of the C30 1,15-diol weakens their use as a proxy. If the source can be identified then
this will allow studies to underpin their use as proxy which is another justification for
the type of work reported here.

S. Balzano: we agree and will discuss the proxies and their limitations in the next
paragraph in the revised manuscript.

3) J. Volkman: in the methodology it is important to explain why base and acid hydrol-
ysis was used rather than a simple solvent extraction. If the alkyl diols were present in
polar lipids, as seems likely in Nannochloropsis, then this procedure converts them to
free lipids. This is relevant to later discussion of the possible effects of non-living or-
ganic matter (detritus) on the distributions. In aged samples, one might expect higher
contents of free diols due to hydrolysis/degradation of polar lipids, but the method used
here unfortunately does not differentiate between free and polar forms. It is well es-
tablished that alkyl diols form the backbone of algaenans made by eustigmatophytes,
but it is much less clear what other lipids they might occur in. Algaenans appear to be
quite stable in seawater and are an unlikely source of free alkyl diols, but the possible
role of other lipids is still uncertain.

S. Balzano: we analysed diols by base and acid hydrolysis because we initially believed
that the organic matter in our suspended particulate matter was dominated by “living
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cells” and fresh organic matter with minor contributions from debris. Only by analysing
the results we realised that the majority of diols found here were likely derived from
detritus rather than living cells. Algaenans are unlikely to be a primary source of diols
but preliminary degradation results (Reiche et al. submitted) suggest that substantial
amounts of diols can be released from the peripheries of Nannochloropsis cell wall
after prolonged oxygen exposure. We do not exclude the presence of compounds
other than algaenans which might source the diols found here and we will clarify this
point.

4) J. Volkman: the Discussion examines provides a good account of the reasons why
the DNA results do not seem to match the measured abundances of the alkyl diols. I
am a little concerned at the use of “LCD” as a shorthand for a variety of unrelated long-
chain diol structures. I would restrict it to the C28–C32 group. It is quite likely that a
number of distinct biosynthetic pathways have evolved over time in different organisms
to produce compounds that are really only superficially similar in structure. To lump all
these distributions together is not really appropriate. The authors make a brief mention
of other compounds found in Proboscia (line 402) and use this as evidence that this
genus is an unlikely source of 1,14-diols in these particular samples. This is a useful
observation. I would expand the discussion here to include other biomarkers known to
be present in other producers of alkyl diols such as eustigmatophytes. Assignments of
possible sources are usually much more robust when multiple biomarkers are used.

S. Balzano: ok we will be more careful as, in some parts of the discussion, we might
have wrongly included other long chain aliphatic compounds in our definition of LCDs.
We will better consider the differences between LCDs, LCAs, and LCHFAs. We anal-
ysed carefully our GC-MS results and did not detect any eustigmatophycean biomarker
such as C32:2/C32:1 alkenols or 15-OH-C30:0/15-OH-C32:0 fatty acids. We will incor-
porate this finding in the result section.

5) J. Volkman: the Conclusion provides a nice summary of the problems of compar-
ing DNA and biomarkers when their relative stabilities are so different. I agree that
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the choice of sample is very important. All samples of marine particulate matter are
mixtures of living and dead material so it is important in DNA-biomarker studies to
sample waters where living biomass is high (e.g. near-surface blooms). Also, if com-
pounds exist as polar forms in living organisms then it is desirable to examine those
compounds separately from hydrolysed forms in the same way that phospholipids can
give information about living bacteria in a way that total fatty acids do not.

S. Balzano: we will acknowledge that our study is limited by the fact that free and
bound lipids were in this case pooled together and agree that regions where there is
a high productivity we might find better matches. Note that recent work (Reiche et
al. poster at IMOG 2017) highlighted that decaying Nannochloropsis biomass contains
high proportions of diols present as free-lipids.

6) J. Volkman: minor points. I would use the common term eustigmatophyte rather than
the more cumbersome eustigmatophycean, in the same way that we use diatom rather
than bacillariophycean. Line 104: change to “these analyses”. Line 121: no italics
for “al.” Line 139: It is not clear what the statement “cyanobacteria were not taken
into account” means here. Were they present (even abundant), but not counted? The
authors are undoubtedly aware that cyanobacteria were once proposed as a source
of alkyl diols. Line 161: no spaces around the “:”. Line 177: bis not Bis Line 180: 25
m not 2 5m. Line 183: SIM is usually an abbreviation for selected ion monitoring. If
only these ions were run, rather than full scan, then there is a distinct possibility that
other components would not be recognized. This need clarification. Line 184: the m
and z in m/z should be in italics. Line 196: it is usual to use an n-dash (–) for number
ranges. Line 198 and elsewhere: use a symbol prime (’) not ’. Line 207: dimethyl not
Dimethyl Line 230: python-based Line 235: space after “)”. Lines 236, 269, 521: no
space before %. Line 282 and elsewhere: use correct _ symbol. Line 282: if you use
the expression “between” then you cannot state a range; either state “ranged from x
to y” or “in the range x–y”. Line 285: salinity now has a unit (mg/kg) and psu is no
longer used. Lines 294, 297: use symbol _ not x. Line 315: use station when referring
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to multiple stations, but Station when referring to a single numbered station. Line 393:
correlated “with” rather than “to”. Line 477: Cite Volkman et al., 1992 here rather than
1999. Line 531: Indent paragraph Line 542: space after comma Line 564: detritus not
debris Line 677, 733, 756, 791, 800: Damsté. Line 871: subscripts for 30 and 32.

S. Balzano: we prefer using the term Eustigmatophyceae and the related adjective
“eustigmatophycean” because most algologists consider this group as a class rather
than a phylum (http://www.algaebase.org). This is because Eustigmatophyceae are
considered, along with diatoms and other photosynthetic stramenopiles, as part of the
phylum Ochrophyta. The related adjective would be “eustigmatophycean”. We agree
with most of the other changes suggested and we would like to clarify few further points:
Line 139: we also enumerated Cyanobacteria and, as expected, Prochlorococcus and
Synechococcus were both present at densities ≈ 105 cell mL-1. We did not observe
any correlation between these two genera and LCDs (data not shown) and we prefer to
not include these data in our manuscript because this would not add useful information
to the discussion. High abundances of LCDs were previously found in the Baltic Sea
during a cyanobacterial bloom (Morris and Brassell, 1988) and thought to be associ-
ated with the dominant species, Aphanizomenon flos-aquae. However LCDs were not
detected in culture material from A. flos-aquae (Deleeuw et al., 1992). Cyanobacteria-
harbouring aquatic ferns like Azolla can also contain diols, which were demonstrated to
be biosynthesised by the plant itself rather than the symbionts (Speelman et al., 2009).
Thus we finally do not believe that cyanobacteria can be involved in diols biosynthesis.
Line 183: all the data shown here are related to SIM chromatograms. Some of our
samples (≈20) have been also analysed by full scan. We will clarify this in the method
section.

References cited in the text:

Deleeuw, J. W., Rijpstra, W. I. C., and Mur, L. R.: The absence of long-chain alkyl di-
ols and alkyl keto-1-ols in cultures of the cyanobacterium Aphanizomenon-flos-aquae,
Org. Geochem., 18, 575-578, 10.1016/0146-6380(92)90120-m, 1992. Morris, R. J.,
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and Brassell, S. C.: Long chain alkanediols. Biological markers for cyanobacterial con-
tributions to sediments. , Lipids, 23, 256-258, 10.1007/bf02535468, 1988. Speelman,
E. N., Reichart, G. J., de Leeuw, J. W., Rijpstra, W. I. C., and Sinninghe Damste, J. S.:
Biomarker lipids of the freshwater fern Azolla and its fossil counterpart from the Eocene
Arctic Ocean, Org. Geochem., 40, 628-637, 10.1016/j.orggeochem.2009.02.001,
2009.

Interactive comment on Biogeosciences Discuss., https://doi.org/10.5194/bg-2018-97, 2018.
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