Author’s response to the comments of Peter Kraal ahTom Jilbert on the manuscript:

First of all, we would like to thank both reviewdos the time they put into evaluating this manusicr
and their constructive and valuable comments. Betviewers underlined their interest in the
combined approach of water column and sediment agnfor a benthic P budget in the Peruvian
OMZ. We try to clarify all issues raised by theisavers below.

In response to the comments of Peter Kraal, redeanel published 16 Nov 2015:

1

It would be nice if the pore water PO4 profiles aeferred to before the freeze-thaw
experiments as background to the resulting caledIRQ fluxes.

Author’'s responseThe benthic chamber TRGluxes from in situ measurements and the
diffusive TPQ fluxes calculated from the RDpore water profiles are addressed in section
4.2.1. before the freeze-thaw experiments in se&i@.2. We will provide a clearer link to the
pore water profiles shown in Fig. 7 in section #i&.a new version of the manuscript.

P56, L21. A few more words could be spent to gjatfife statements regarding phosphorite
formation.

Author's responseWe will briefly extent the information on the imdtions for recent
phosphorite formation found in the study area i abstract. Anyhow, phosphorite formation
is addressed in more detail in chapter 5.2.3.

P57, L21-22. Perhaps some nuance is needed heter dertain conditions (such as nutrient-
rich upwelling regions off Peru and Namibia), exier (microbially-mediated) CFA
authigenesis has been found. And during burialvbéh® oxygen penetration depth, reductive
release of P from metal (oxyhydr)oxides triggeraté@ formation, often in disperse form at
low concentrations (sensu Ruttenberg, Slomp). Thase two very different, anoxic
mechanisms, where the latter may be more représentar non-upwelling oceanic settings.

Author’s responseThis is a very good aspect. We will address specin CFA authigenesis
in the new manuscript as suggested by the reviewer.

P68, L7. “except slightly increasing ratios closdlie seafloor” Clearly state that this refers to
the difference between the deepest water colummplsaamd the sediment surface (as there is
a general decrease between the deepest water ceample and the one immediately above

it).
Author’s responséiVe will change the wording in a revised manusaigtordingly.

P68, L9. Description of the trend at Stat VIII desa a little more detail. Truncated profile,
cyclicity?

Author’s responseWe will describe the sediment profile for the P@OP ratios of Sta. VIII

in more detail in the results section and will pdevmore explanations for the profile shape in
the discussion section 5.1. Obviously the POC/P@#ile is truncated, but there are no
indications for sedimentary events in tH&b profiles shown by Dale et al., 2015. More
likely, the sharp increase of POC/POP ratios befowm of sediment depth is driven by
authigenic formation of phosphorites.
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P68, L23-24. Unclear what is meant here; | do et any consistent strong changes in the
deepest water column sample.

Author’s responsett is meant that there is a drop between the deepster column sample
and the first sediment sample at station VIIl. Wi wlarify this in the new version of the
manuscript.

P70, L6. “that could be triggered by the TPP”, iyl and mention mechanism/process
Author’s responseThis will be modified in the manuscript.

The measured benthic TRP@uxes exceed the phosphate fluxes that coulddnemted from
TPP degradation by a factor of 6, but the potedtRD, fluxes are still higher (Table 4).

P73, L21. Here, phrasing could be more clear: etd?OC preservation and/or enhanced P
release could lead to higher C/P in anoxic sedimmenompared to oxic. Current phrasing is
convoluted while an answer is not (and cannot)rogiged regarding the main driver.

Author’s responseThe last sentence of the section will be rephrasecbrding to the
reviewers comment.

P75, L21-27. It seems from this that the authossiae that terrestrial P, i.e. P associated with
riverine suspended patrticles, would not show ugllain the PIP fraction on the filters from
the water column samples? If riverine particulasgter sinks through the water column (or do
the authors assume all riverine input is laterad®y consists at least in part of Ca-P and
oxide-associated P, why would it not (partially) et of the measured PIP on the filters?
Even though it is a minor P source, the authorshimigant to elaborate slightly on why
riverine P is treated as a completely separat@®.in

Author’s responseWWe were aiming to estimate the maximal effect afetgrial P input to the
sediments with this approach. Riverine transporeaterial from the continent is likely
underrepresented on our water column filter samples to fast sinking speed of such
particles and/or a laterally dominated transporwelver, we do not exclude that a small
fraction of the riverine transported material canfbund on our filter samples. Anyhow, the
results of the calculations show that terrestriaigit is of minor importance for the presented
P budget.

P76, L12-18. Could sinking of fish debris througtozic waters not provide a rapidly sinking
source of both apatite and organic matter to tafiem (biological fish remains, collagen etc.
in fish bones)? Then, would fish debris necességdye a signature of very low C/P ratios? If
these fish debris are indeed missed during wateinmeo sampling (or perhaps have a strong
seasonal character), the associated OC would alsaddsed in the budgets, which would have
an impact on the argument of the theoretically iregulow C/P ratio of incoming particles.
Perhaps C/P ratios alone are insufficient to disnas potential role for fish debris as
(additional) PO4 source? The authors show niceslimktween PO4 fluxes and sedimentary
bacterial (biological) activity, which can be usedhypothesize on the likely source(s) of
POA4. Perhaps it would be better to focus on théeswe for the contribution of bacteria, to the
point where other P sources are not necessarilyreztjto close the budgets.

Author’s responseWe are convinced that an imprint of fish debrighe sediments which
have not been sampled on the water column paffildes must lead to differences in the
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POC/TPP ratios between the water column and sedinagéins. Since this difference is not
observed it is likely that fish debris can be rulmat for closing the P budget during the
sampling campaign.

However, if we only consider the bacterial P redeas additional P source to the sediments, it
is very likely that questions about the other mmmed sources arise. Hence, we want to make
sure to discuss potential other sources briefly srav that the role of bacteria are key to the
understanding of the P-budget.

11 78, L13-14. In fact, highest freeze-thaw P releass found in sediments with abundant
foraminifera rather than microbial mats (Stat VIIThis deserves a bit more attention here, as
it might put the potential role of bacteria in mamntext?

Author’s responseThis is a good point. However, the PQoncentrations after the freeze-
thaw experiments of the stations V and IV, whetlédr+oxidizing bacteria are still abundant,
are only slightly lower compared to station Vlllehte, we assume that the occurring sulfide-
oxidizing bacteria at station V and VI as well he foraminifera observed at station VIII are
contributing phosphate to the pore waters. Howeiteremains to be shown how these
mechanisms play out in detail (e.g. nutrient cotredion thresholds, time scales, P release
from Marithioploca-related bacteria and foramirdgfeand the impact on benthic P release in
oxygen and nitrate deficient environments on lonigee scales.

12 P80, L1-3. If foraminifera represent such an edifitisink of BW PQ it would be good if the
authors provide their preferred mechanism by whighinternally-stored PO4 makes it into
authigenic apatite. Would this be a matter of mdeafter death fueling apatite formation
rather than uptake by living forams? What type eflax-dependent PO4 uptake/release
behavior do forams display?

Author’s responseThis is another interesting aspect, but unfortugpettee mechanisms how
the P release from foraminifera work in detail remaunknown and requires more detailed
experimental work (e.g. are the foraminifera alivedead releasing the P, redox-dependent P
uptake and release?) and will be addressed in plarsmed experimental work in the study
area in the near future. There are two expeditpbaisned to the Peruvian OMZ where detailed
experiments will carried out in order to answes ttyijpe of questions.

13 P80, L18-26. This is crucial information regardipgtential PQ release mechanisms and
should be included in the discussion. The conchssishould not contain such crucial new
information, but rather should concisely synthegize findings and interpretations already
presented in the results and discussion.

Author's responseWe will take this into account in the revised mseript and suggest
changes on P77, L13-17 and P80, L18-26.

All technical corrections will be considered inexised version of the manuscript.



In response to the comments of Tom Jilbert, recearal published: 22 Nov 2015:

Major:

1

3.1

One of the main challenges associated with theoagpr employed here is that the fluxes
being measured are generally not in steady stat,aasingle sampling moment (i.e. one

cruise) will struggle to tell the full story. Thauthors have acknowledged this and indeed
conclude that their budget cannot be closed far thason, but | agree with Peter Kraal's
comment (re. P80 L18-26) that more specific cont@ixinformation about the variable redox

regime of the study site should be included eaiti¢he paper. The authors refer to the studies
of Guiterrez et al., 2008 and Schunk et al., 2@18ection 2 but perhaps it would be good to
show in graphical form (e.g. incorporated into Fly.how much the redox conditions can

actually change at these sites, and how frequefRtly. example, can potential loading-

unloading cycles for the bacterial P ‘capacitoe #uthors postulate be identified from past
data?

Author’s responseDue to the lack of time series data available @orger time scales and

more water depth than presented in Gutierrez ga08), we decided to not duplicate any
figure in this manuscript. However, we will provideore detailed information on where to
find information for redox changes in the wateruroh in the text of the revised manuscript
(e.g. Noffke et al, 2012; Scholz et al., 2011).

| recommend that the authors present not only #rws C/P ratios (e.g. Fig. 2) but also the
raw C and P data in graphical form (these are ntlyrgiven in table form and only in the
supplement). This is important because in bothwtater column and sediments, trends in C
and P concentrations may help to indicate transdtions (e.g. breakdown of organic matter,
precipitation of CFA), which are relevant for tmeerpretation of the data.

Author’s responseiVe will add a new figure to the manuscript.

In the case of the water column data, | miss alosh@ statement from the authors about
what they believe the PIP phase on their filtetsally is.

Author's response:More detailed information will be added concernitigis aspect.
Nevertheless, a final conclusion on the compositbrPIP cannot be made based on the
available data set.

According to Labry et al. (2013) we expect the pHase to be comprised of inorganic P

phases originating from abiotic particulate phospbas well as inorganic P phases from that
are biogenic origin. Abiotic PIP comprises minexasociated P, e.g. from terrestrial sources.
The inorganic phosphorus from biotic particulategghorus is composed of orthophosphates,
pyrophosphates and polyphosphates incorporateargtmic cells.

The authors refer to the paper of Sanudo-Wilheltngl.ewhich describes P adsorbed on the
surface of living Trichodesmium tissue, probablgaasated with hydrous Mn oxides. There
are several questions which follow from this: Hapresentative are the conclusions of that
study in a high-productivity upwelling system suab this one, considering the different
primary producer assemblages? And if there is iddemajor fraction of surface-adsorbed P
associated with surface-water POC, is it realistit P will be preserved in such a form as this
material sinks through the water column?



Author’s responseThis is indeed a very interesting aspect. Sanudbélvhy et al. (2004)
suspect that the finding of surface P-adsorptioghinbe a general feature comprising all
phytoplankton groups. To date, this statement iartunately, neither been confirmed nor
disproved by other studies. However, if it applig®re shouldn't be any general differences
between low nutrient and upwelling areas. On tlnerohand, it doesn’t seem likely that Mn-
oxides play a major role off Peru. Mn-oxide concatbns were not measured on the filter
samples, but SEM-analyses of the filter samplet(dee not presented here) indicate that the
overall concentrations are very low. In additionn#ekides are not contained in surface
sediments, indicating that they are continuousbsalved when sinking through the water
column. The adsorbed P should be released duangport, but given the low concentrations
the effect on our measured C/P ratios is likelyligége.

Generally, one should assume that remineralizatidghe water column leads to a decrease in
the reactivity of the organic matter. However, data do not reveal evidence that POP is
transformed to PIP during transport. Statementsutatiee quality of the organic matter or
changes in reactivity would remain purely specuéati

The water column POC data from the offshore sifexble S1) suggest export 665% of
surface-water POC to the deep waters at Statiojséd POC at 10m vs. 240 m) and0% at
Station VIII. What can the authors say about thaliuof the exported POC, and what does
this imply for the fate of any surface-adsorbed-Bfthermore, how would hydrous Mn-oxide
bound P be expected to behave while sinking thraliglanoxic water column?

Author’'s responseThe example the reviewer chose for estimating adparing the POC
export from the POC concentrations is biased. TBE Boncentration at 10 m water depth at
station VI is by far the highest concentration cangg to the other POC concentrations found
at the same water depth (stations I, Ill and I\M) agpresents an outlier in our data set, which
will explicitly marked as such in a new versiontloé manuscript.

As outlined above (comment 3.1) we don't believat tMn-oxide-bound P plays a major role
in this context, because of the low concentratibtmvever, any Mn-oxide-bound P would be
released in the anoxic water column due to theimootis dissolution of Mn-oxides.

It is indeed remarkable that POC/TPP is so closRedfield throughout the water column.
Could there be a role for conversion of POP to plobsphates as suggested by Diaz et al.
(Global Biogeochem. Cycles 26, 2012) or to CFAbglit and Slomp, GCA 107, 2013), during
the decay of organic matter in the water columnP Ibearing molecules are preferentially
broken down, and P is then stored in these forr@C/PPP could stay quite constant as
observed here. In summary, | think a discussiothe$e various options for the PIP phase is
essential, including statements about the expestadction behavior of the candidate phases
(e.g. are polyphosphates expected to count as PORP).

Author’s responseOn the basis of our dataset, such a conversiowlgrbe observed within
the sediments, especially at station VIII and atestations between the bottom water sample
and the surface sediment sample (e.g. station |,MVWand VIII) as described in the
manuscript. Here is likely a shift in the POP anlB Poncentrations. The POP concentration
drops while the PIP concentration increases, whalid be a hint to such a process. Due to
the fact, that we have not conducted sequentiabetivn it is not possible to follow up
precisely which PIP phase (e.g. polyphosphatedé¥) & formed.



In the case of the sediment data, | would alsotlikeee the raw plots of TPP, POP and PIP to
see if there is evidence for transformations wigiptt, such as the precipitation of CFA as
observed in many open ocean studies (Ruttenberdanter, GCA 57, 1993). As stated by
Peter Kraal it is important to distinguish betwelffierent mechanisms of CFA formation and
with all the data available here it is possibleay something more about this.

Author’'s responseAccording to comment 2 of the reviewer, we wolld Ito include an
additional figure similar to Fig. 2 that shows thleater column and sediment raw
concentrations of TPP, POP, PIP and POC. On the bathat figure we will further explore
on CFA formation mechanisms in section 5.2.3.

A further concern | have about the sediment dathdsway in which the burial fluxes of P
have been calculated. This has been done usingge/& concentrations in the top 10 cm and
mass accumulation rates (Page 66). In the supplaieata it can be seen that TPP
concentration decreases from the sediment surfaawards, so the ultimate burial flux is
probably better calculated from the value at 10rather than an average including the surface
sediments. In fact the authors state that a previelated study (Dale et al., 2015) employed
exactly this approach to determine carbon buddétsv would the P budget change if the
same was done here?

Author’s responseThe numbers given in the manuscript were calculatmd the average P
concentration of the first 11 cm of sediment deith cm is due to our sampling resolution).
However, using the P concentration at 11 cm sedirdepth would not lead to significant
chances of the P burial fluxes. Only at the statiaihe burial flux would change slightly and
the P deficit would deviate for less than 10% frthra value given in the manuscript. Since
there are no changes at any other station andaocifyange of less than 10 % for station V, we
would like to stick to the calculation using theeeage P concentration of the first 11 cm of
sediment depth which was also applied in Dale.€8alL5).



Minor/technical corrections: We thank the reviewer his minor/technical corrections and will
address these in the revised manuscript.

1

Page 61, Lines 16-20. What was the pH during ais&lyEhe way this is phrased, it sounds
like you carried out the analyses at neutral pHrmumally this is not done. Please clarify.

Author’'s responseThe analysis was carried out at low pH. The NaO#&b wdded to the
sample solutions to slightly raise the pH. It wase because the slope of the calibration curve
was to flat for our low concentration measuremedtsvever, due to the reagents added to the
sample solution, the pH remained low.

Page 62, Line 25 onwards. Related to my earlierneen, it would be good to state
somewhere which P phases are expected to dissoiei 1M HCI (pre-combustion)

extraction. Especially in this study where intrddel polyphosphate pools, and surface-
adsorbed P, may be quantitatively important, theeeted extraction behavior of different
phases should be clarified.

Author’s responsePlease find the author’s response related tocthraiment above (comment
3).

Page 73, Lines 10-20. Here | would state more lgl¢ae role of Fe in sedimentary P cycling

in oxic conditions i.e. the observation that POG?TIR oxic sediments is typically 10-50 is

primarily due to the association of P with Fe (dwdroxides in surface sediments after
release from decaying organic matter. Also cheekéfierence given as Baturin (2007). In the
reference list the only article with this first hat is Baturin and Savenko, Oceanologia 37,
1997.

Author’'s responseWe will clarify this in the revised manuscript aneblace Baturin et al.
(21997) with Baturin (2007).

Page 77, Lines 1-10. Again, add some more contegtatements about the expected role of
Fe in P cycling in the OMZ environment. Iron avhildy in the surface sediments should
vary greatly with water depth through the OMZ thistis not expressly discussed here.

Author’s responseThis is a good point. We will extent the infornzation Fe oxyhydroxides
in the sediments in the revised manuscript accghglin

Fe oxyhydroxides are expected to be importantearfor phosphorus from the water column
to the sediments. Due to their dissolution in tadiments, the adsorbed P is released to the
pore waters. However, in the Peruvian OMZ oxygenceotrations are already very low in
the water column. In consequence, similar to Mrdegj a large part of the Fe oxyhydroxides
is already dissolved in the water column and, &k ,scannot be an important P source to the
sediments (see P budget calculations).

Page 80, Lines 1-3. Once again | agree with Petenament, that the mechanism of the
proposed foraminiferal P uptake should be discussedore detail. If true this could be an
exciting new process in sedimentary P cycling sieierves more attention

Author’s responsePlease find the author’s response in comment B Kfaal.



