Dear associate editor,

We followed your recommendations and give detaiégsghonses to all referee’s comments.
The clarity of writing throughout the manuscripshzeen improved (by us in red in the
Moutin_Copernicus_Word_template_NV_with_COR fileagaby a native English speaker
(correction in blue in the Moutin_Copernicus_Worinplate NV_with_COR file).

A sentence about sediment trap biases was addedoMiy, we decided to remove most of
the discussion about the role of zooplankton valtigigration. It was not the main scope of
our paper and we decided, mainly following the canhof Referee 1 to postpone the study
about zooplankton migrations. It is now clearly laxped that vertical migrations of
zooplankton are one of the three hypotheses tmatatdeast partially, explain the seasonal
unbalances in DIC estimated. The two additionalotlypses are high temporal variations in
POC export and a methodological underestimatidd@€ export.

We clarify the assumptions and limitations regagdime nutrient budgets. We are looking for
first order biogeochemical budgets (simple budgetan area where only few data are
available. We added a paragraph in the discussiplaiaing why transient nutrient input
(cyclone, mesoscale activity) may not drasticaligroge our simple nutrient budgets.

We discussed Fe concentration data and give ansavére comments of Referee 2. We
added the Fe 0-70 m averaged concentration meaduried) OUTPACE in each area, as
requested by Referee 2. We cannot enter more &il thecause the paper by Guieu et al. is
under revision in Nature Scientific Report.

Yours sincerely

Thierry Moutin



Anonymous Referee #1

On the one hand, this ms. deals with an impressive dataset, but in the end, the main conclusions
(importance of iron, importance of zooplankton vertical migration for export) are conjectured from
indirect evidence, not from processes/data studied by the authors on the cruise.

There are several grave deficiencies in the data treatment and interpretations.

We thank Referee #1 for remarking on the 'impressive dataset' the ms deals with, and for taking the
time to read it and providing his/her thoughts and comments. In the following paragraphs, the
original review comments from Referee #1 are in bold and our own responses are interspersed in
normal characters. Our main conclusion in the paper is that the discrepancies between the depth of
the nitracline and phosphacline, together with evidence of deep mixing at 70 m, allow excess P to
annually reach the upper surface, support nitrogen fixation, and induce a significant biological soft
tissue pump in the MA. Based on the available iron data in the area, we can consider that the WMA is
replete in iron, while the gyre is iron depleted. The importance of phosphate in the WTSP and iron in
the gyre is not a main conclusion of this paper. It was the conclusion of a previously published study
(Moutin et al., 2008). This conclusion is extended in the present paper. Because this was the starting
point of the narrative of this study, it was necessary to recall the critical role of iron and phosphate in
the Abstract, and to discuss specifically recent advances on this subject (section 4.4). Again, our main
conclusion concerns the local origin of the excess-P at an annual time scale and subsequent
processes, such as the role of N; fixation in nutrient availability and the biological carbon pump. The
importance of zooplankton vertical migration is suggested by our data, but not for export (as
stipulated by Referee #1). It is suggested to explain part of the missing DIC in the upper surface
carbon budgets. Nevertheless, we recognize that some sentences may prove confusing and
apologize for the lack of precision in the section 'Settling particulate matter mass, C, N and P flux
measurements'. A detailed protocol is added at the end of this response. As requested by Referees
#2 and # 3, we will provide figures of the ADCP data showing vertical migrations. Because it seems to
be a point of contention and because it is for us a secondary subject that will distract from our main
conclusion, this part will be has been considerably shortened in the new version of the ms. Please
note that we only needed to delete one sentence in the Abstract [the following: "We also suggest
that mesozooplankton diel vertical migration plays a dominant role in the transfer of carbon from the
upper surface to deeper water in the MA. ": 27/422 words] to answer Referee #1’'s main arguments
in favour of rejection (point 5). The Discussion will be considerably shortened.

Moutin, T., Karl, D. M., Duhamel, S., Rimmelin, P., Raimbault, P., Van Mooy, B. A. S., and H. Claustre.
2008. Phosphate availability and the ultimate control of new nitrogen input by nitrogen fixation in
the tropical Pacific Ocean, Biogeosciences, 5, 95-109.

1. Why should it be justified to obtain "winter values" of properties by taking the 70m values as
representative?

"Winter values" of properties are essential to draw to establish simple budgets. We understand the
question as: "..will it be possible to consider 70 m values (70 m being the maximum mixed layer
depths (MLD) calculated for the whole area) as representative of homogenized 0-70 m winter
conditions?"

We only have satellite and some climatological data to estimate winter conditions in this largely
under-sampled ocean. Therefore, we firstly validated satellite measurements during our survey in
March (SST as an example below)
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and showed that 70 m depth values measured during our survey corresponded well with satellite
winter data (SST as an example below)

WMA EMA EGY
SST(°C) July 2014 24902 24207 265+0,2
CT70(°C) March 2015 25,3+0,3 24809 26,109

Of course, this is an extrapolation, but we also showed a good agreement between chlorophyll a (Chl
a and SSChl a), and for carbonate variables (DIC, Alk, pCO;) measured during OUTPACE at 70 m depth
and the same variables provided at the ocean surface in winter by the climatology study of Takahashi
et al. (2014): see paper for details. Considering that 5 different available winter variables gave a good
agreement, we consider that we can use the proposed extrapolation for all other variables to obtain
our 'first order' budgets. Of course, this is the simplest 'model' to obtain seasonal variations in the
absence of seasonal data, but highlighting the importance of seasonal variations in areas where they
are generally considered as unimportant, or even non-existent, is an important issue in our opinion.

These are minimum estimates at best given that in almost all profiles the chl-a maximum is below
70m.

Yes, but the DCM depth in oligotrophic areas is essentially related to a maximum of pigments
(chlorophyll a) by carbon unit and did not correspond to a maximum in biomass (see figure 5g) or in
production (see figure 6a). Almost all C-biomass and C-production were measured in the upper 0-70
m, even if the DCM depths were below 70 m.

2. How can matter, recovered from sediment traps, be taken at face value and trap biases be not
considered? Or, even better, corrected for! This issue has been extensively discussed: Gardener
2000 in The changing ocean carbon cycle, Hanson, Ducklow, Field, eds., Cambridge Univ. Press, p
240-281; Buesseler et al. 2007, J.Mar.Res. 65, 345-416).

We apologize for the lack of precision in the description of our sediment trap data methodology. We
followed most of the major recommendations proposed by Gardner (2000) and Buesseler et

al (2007) but not the 2*Th calibration. Nevertheless, we recognize that our protocol was not detailed
enough, and we propose some modifications (see below). Gardner (2000) explain that 2**Th
calibration was not done around HOT because the scavenging of 2*Th is so low in oligotrophic
regions that this calculation is subject to major errors. We therefore assume that Referee #1 does
not want us to explain why we did not use the 2**Th calibration in our oligotrophic study area.
Concerning the 3 major biases in Buesseler et al. (2007):

i) Hydrodynamics: please note that for our quasi-Lagrangian study, we sampled in low
horizontal advection areas and chose regions with low surface currents on purpose (de Verneil et al.,
this issue). Buesseler et al. (2007) concluded from several experiments in Bermuda that at low
velocities, there may not be a strong hydrodynamic effect on the mass flux measured with surface-
tethered drifting traps. We have no isotope measurements to quantify this effect, but we can argue
that our sample conditions should minimize this bias.



ii) Zooplankton swimmers: according to Buesseler (2007), the term 'swimmer' refers to
metazoan zooplankton (and occasionally small fish) that are thought to actively enter sediment traps.
Their "uninvited presence in the sediment trap" means that swimmers may be seen as a problem,
and solutions are proposed to avoid it. Although Buesseler et al. (2007) encourages the continual
development of swimmer avoidance traps in order to improve estimates of in situ particle flux, they
explain that screening is often used for deep sediment traps as many of the swimmers are large and
can be readily removed using screens. Since swimmers caught in oligotrophic environments tend to
be smaller, however, traps used there will require sorting and manual removing. As the method for
swimmer removal varies widely (Buesseler et al., 2007), we understand the need to describe it
precisely and we propose to do so. Please note that for French cruises, the same person is in charge
for the whole analysis and protocol development. Particularly for the removing of swimmers, and
even if the method is subjective, it allows for a direct comparison of all measurements.

lii) Solubilization: This point is discussed below.

Solubilization into collection cup supernatants is (almost) not considered at all but this is important
especially in shallow traps, see Kahler and Bauerfeind (2001), Limnol. Oceanogr. 46, 719-723; Antia
(2005) Biogeosci. Discussions 275-302. In the case of phosphorus, supernatants have been
measured but assigned 100% to swimmers! What about P in the passive flux?

According to Antia (2005, introduction, paragraph 4) cited by Referee #1, they worked with traps
below 500 m depth: "..shallow deployments for merely hours to days in high-swimmer environments
would require a different approach, since swimmers are a major source of dissolved elements in such
trap samples, and there is no reliable way to separate swimmers contribution of different elements
from that originating from the passive flux". We do indeed consider that swimmers are probably the
major source of dissolved P, and we agree that there is no reliable way to separate swimmers'
contribution of different elements from that originating from the passive flux. Furthermore, using
formaldehyde precluded DOC measurements. Therefore, it will not be possible to correct for this
bias. This bias will be mentioned in the new version of the ms.

DOC could obviously not be measured (formalin) and DON was not, or is not reported. Hence
almost all P and much N and C "export" by particles is missed in the trap data.

Yes, the only dissolved contribution measured, because it was supposed to be the largest (as shown
by Antia (2005)), was the P contribution. Because we prefer not to enter into the details considering
this controversial point, which is outside the main focus of our paper, we will add this
methodological issue as another hypothesis to possibly explain part of the unbalanced carbon
budgets.

Also one of the traps is used in the balances of two regions (Fig. 7).

Yes, the trap deployed at LD A for several days was considered for the Melanesian archipelago (WMA
and EMA) and the trap deployed at LD C for several days was considered for WGY. We understand
Referee #1's remark, but this point was clearly explained in the ms and without specific trap data, we
considered that it would be worse to withdraw the EMA budget.

3. Zooplankton vertical migration is conjectured to be the one important export mechanism with
only implied evidence (ADCP data not shown).

Zooplankton and micronekton diel vertical migrations have already been observed and considered to
play a significant role in the WTSP (Smeti et al., 2015), a reference that we missed in our ms and
propose to add in the revised version. The ADCP data (figures below) show the vertical migrations at
LDA.



Smeti H., Pagano M., Menkeés C., Lebourges Dhaussy A., Hunt B. P. V., Allain V., Rodier M., de Boissieu
F., Kestenare E., Sammari C.: Spatial and temporal variability of zooplankton off New Caledonia
(Southwestern Pacific) from acoustics and net measurements. J. of Geophys. Res. Oceans, 120 (4),
2676-2700. ISSN 2169-9275, 2015.
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Raw SADCP Echo time series data at LDA station 38 KHz (above) and 150 KHz (below) showing diel
vertical migrations of zooplankton-micronecton during the 5 days of the station occupation.

But to present swimmers attracted to the sediment trap as evidence of vertical migration
("Zoo/Particulate mass flux ratio" in Tab.4) or "mean carbon export by swimmers" (p.13 line 23) is
downright nonsense. Swimmers killed in the trap cannot move upward again. And of what should
swimmers be representative? Certainly not of a vertical flux.

We understand the problem. "mean carbon export by swimmers" (p.13 line 23) is definitely not the
best term because it implies that this carbon is definitely exported from the upper layer, while most
vertical migrators also ascend to the surface waters as part of the diel cycle (this explains why they
should be removed (Buesseler et al., 2007)). This sentence and the entire paragraph will be removed.
Moreover, and because swimmers may be attracted to the sediment trap, we will only speak about
zooplankton content and not fluxes.

4. New production and primary production are not neatly distinguished in the text (e.g. p.13
line37; p13 line 19). Most PP is recycled in these environments thus PP cannot explain the
drawdown of DIC.

New production is the production associated with new N (Nitrate from below and from nitrogen
fixation), as clearly mentioned by Dugdale and Goering (1967), even if most people forget nitrogen
fixation as a significant new N source. Rates of nitrogen fixation are found to be high or higher than
nitrate uptake, in some cases suggesting an important role for nitrogen-fixing phytoplankton
(Dugdale and Goering, 1967). As mentioned by Referee #1, it is clearly a fraction of the whole
primary production. Even if most of the PP is recycled, the e-ratio is higher than in other oligotrophic
areas less influenced by N; fixation (see paper).



p. 13 line 19 : The sentence is : « Considering that half of this loss (12.5,%) happens at 500 m depth
following ingestion of the water column’s whole PP(new biomass) in the upper layer, ... »

This sentence will be removed in the new version of the ms.

p.13 line37 : The really high N; fixation rates in the MA, compared to other areas in the world
(Bonnet et al., 2017), may provide the nitrogen required for primary production, creating the
necessary decrease in pco2°° to stimulate CO; invasion.

This sentence will be replaced by: The really high N, fixation rates in the MA, compared to other
areas in the world (Bonnet et al., 2017), may provide the new nitrogen required for new production,
creating the necessary decrease in pco2°° to stimulate CO; invasion.

5. The ms. was to me difficult to read because of abounding abreviations and numbers in the text,
repeated checks were necessary whether the authors refer to their own data or speculate. No
story is told convincingly. But my rejection of the ms. is mainly based on points 2 and 3 above.

We recognize that the ms is not easy to read, but as mentioned by Referee #1, the ms deals with an
extensive dataset, and we think that it is the main reason for this difficulty. Referee #1 recommended
rejecting the ms mainly on the basis of points 2 and 3 above. We hope he will reconsider his decision
in view of the detailed responses given here and the near-deletion of this part, which is of secondary
importance in terms of the main focus of our ms. The role of zooplankton and vertical migrations in
this region will be the subject of a new paper by C. Menkes and collaborators in the near future. We
now only suggest, in a section of the Discussion and among 2 other hypotheses, a possible role of diel
vertical migrations of zooplankton in the transfer of carbon.

* Protocol in the new version
Settling particulate matter mass and C, N, and P flux measurements

The settling of particles in the water column outside of the upper layer was measured using 2 PPS5
sediment traps (1 m? surface collection, Technicap, France) deployed for 4 days at 150 and 330 m at
LD A (MA) and LD C (WGY) stations (Fig. 1). The PPS5 traps are covered with baffled lids (mesh 1 cm?)
to reduce current shear at the mouth of the trap, but also to prevent large zooplankton and fish from
entering the traps. Particle export was recovered in polyethylene flasks screwed on a rotary disk
which automatically changed the flask every 24-h to obtain daily material recovery. The flasks were
previously filled with a 2% (v/v) buffered solution of formaldehyde (final pH=8) prepared with in situ
deep seawater. A sample of this water is kept to measure dissolved nutrients (phosphate and
silicate). Immediately after trap retrieval, samples were stored at 4 °C in the dark until they were
processed. Back in the laboratory, one part of the sample’s supernatant was kept and stored at 4°C
to measure dissolved nutrients (phosphate and silicate), and pH was checked on every trap sample.
Swimmers (all organisms deemed to have actively entered the trap) were identified under a
stereomicroscope and carefully removed with plastic fine-tipped forceps and placed into small vials
with some of the reserved trap preservative. The main species removed were copepods, crustaceans
(ostracods, euphausiids, amphipods) and pteropods. Microphotographs of each sample were taken.
After the swimmers were removed, the whole sample was then rinsed 3 times with ultrapure (MilliQ)
water in order to remove the salt and then freeze-dried. Mass particle fluxes were obtained by
weighing the freeze-dried sample 5 times. The accuracy of the weighing (and thus of the flux) was 1
% over the whole data series. In this study, swimmers were rinsed and freeze-dried and their dry
weight was also determined. Settling particulate matter and swimmers were analyzed separately on
an Elemental Analyzer coupled to an Isotope Ratio Mass Spectrometer EA-IRMS (Integra2, Sercon



Ltd) to quantify total C and N. Total P was analyzed as described in Sect. 2.2. The total element
measurements for the settling particulate matter were considered to represent the settling
particulate organic C, N, P. The results are presented Sect. 2.2 (Table 4).



Anonymous Referee #2

This manuscript reports upper water column biogeochemical observations from a cruise in the
western tropical South Pacific. The cruise programme had a particularly novel finding: elevated
rates of nitrogen fixation throughout the Melanesian Archipelago. These results have already been
reported: briefly in Bonnet et al. (2017), and in detail in a companion manuscript as part of the
cruise special issue in Biogeosciences Discussions (Bonnet et al., in review). The novel contribution
of the present manuscript is that an upper water column carbon budget for the region, built from
observations on the cruise and longer time series datasets, appears to require an additional fixed
nitrogen source other than seasonal entrainment of waters below the mixed layer.

They interpret this deficit as originating from the enhanced nitrogen fixation observed (Bonnet et
al., 2017; Bonnet et al., in review). Provided all carbon system calculations are correct which is not
my area of expertise | think the manuscript is of significant interest to the scientific community. |
do however have a number of comments that should be addressed.

We thank Referee #2 for remarking on the novel findings of the cruise program and the significant
interest for the scientific community of our ms. In the following paragraphs, the original review
comments from Referee #2 are in bold and our responses are interspersed in normal characters. The
main conclusion of our paper is that the discrepancies between the depth of the nitracline and
phosphacline together with evidence of deeper mixing at 70 m allows excess P to annually reach the
upper surface, support nitrogen fixation, and induce a significant biological soft tissue pump in the
MA. Calculations of the carbon system have been done with the seacarb R package following all
instructions provided by the authors of the package and the manuscript has been read by a carbon
chemistry specialist (Nicolas Metzl, as mentioned in the Acknowledgements).

Main comments:

Clarity of writing. The manuscript requires a large number of corrections for English, sentence
structure, and correct terminology. This will much improve the readability of the paper and make it
more readily understandable. There were a number of instances where | had to read a paragraph
more than once to work out what message the author was trying to convey (and not always with
100% success!). Therefore, | would recommend going through the paper in detail with a native
English scientist in order to check sentence structure and terminology for simplicity and clarity. |
have made some suggestions in the specific comments section, but these are only examples; there
are more throughout the manuscript.

We will follow the recommendations provided and we will send the revised ms to a native English
speaker for proof-reading.

The role of Fe. The manuscript argues for a primary role of Fe in enabling nitrogen fixers to become
established in the Melanesian Archipelago, but then invoke phosphorus availability as the primary
factor controlling the activity of nitrogen fixers. Accordingly, Fe is frequently stated as ‘high’ (or
‘Fe-replete’) in Melanesian Archipelago area.

Where are the Fe data? The authors do give some values from a paper in review that appear high,
however, since this is central to the manuscripts conclusions, some more details are needed to
describe how Fe concentrations varied though surface waters of the three regions discussed.
Surface Fe supply from shallow hydrothermal vents is also mentioned, which is very interesting,
however as | understand it none of these data are yet published. Regardless, whilst this could
significantly influence the overall Fe budget and capacity of the Melanesian Archipelago system for
nitrogen fixation, this does not preclude periodically or seasonally low levels of Fe in surface
waters of the Melanesian Archipelago. In other words, what evidence is there that Fe is at high,
steady state value in this biogeochemical province? Supplied Fe has a short lifetime in seawater
because of rapid scavenging and concentrations following a point source supply diminish rapidly



and require continuous inputs to lead to sustained high surface concentrations (such as under the
Saharan dust plume in the tropical North Atlantic). Other Fe values reported by Moisander et al.
(2011) in the vicinity of the region appear lower than the two values stated.

After re-stating our main conclusion regarding the role of iron in this area, several important
questions were raised by Referee #2 that need individual responses.

Where are the Fe data? We understand this to mean 'Where are the OUTPACE Fe data?', because
other values are given clearly indicating the large difference between the gyre (~0.1 nM measured in
the upper 350 m water column of the SP gyre (Blain et al., 2008)) and the MA (0.57 nM reported by
Campbell (reference in the ms) as an example). We reported only the average concentrations in the
photic layer measured during OUTPACE (Guieu et al., in revision), which confirmed this difference in
iron availability and was sufficient for our purpose: 1.7 nM in the MA compared to 0.3 nM in the
WGY. As requested by Referee #2, we will add the averaged 0-70 m integrated concentration
corresponding to our 3 areas in the revised ms: 0.57+0.14 nM (WMA); 1.18+1.02 nM (EMA);
0.28+0.03 nM (EGY), but we cannot present detailed data that will be published in Guieu et al. paper.
elsewhere!

We appreciate Referee #2’s interest in the role of hydrothermal Fe sources, which is really an
important point. The paper by Guieu et al. is currently under revision (Nature Scientific Report) and
will we hope be accepted soon. We previously highlighted the importance of shallow hydrothermal
sources in providing iron to the MA: following the South Equatorial Current from east to west (see
our figure in Bonnet et al., PNAS, 2017), water flows across the most active volcanic area of the world
ocean (the low bathymetry area in Figure 1) and becomes enriched in iron, as reported by several
authors.

Referee #2 indicates that this does not preclude periodically or seasonally low levels of Fe in surface
waters of the Melanesian Archipelago, and Referee #2 is right. Nevertheless, if we consider iron as a
nutrient-type trace element that undergoes seasonal variations, the lowest surface concentrations
should be during summer stratification (especially if the source of iron is from below). The OUTPACE
measurements are from the summer, and we still measured high Fe concentrations. Therefore, even
if we have no evidence that Fe is at a high, steady-state value in this biogeochemical province, we
can reasonably hypothesize that high concentrations are expected all year long. Because data will
always be better than a long explanation, we contacted Martine Rodier (cited in the ms). To the best
of our knowledge, she is the only person who has measured seasonal iron data in the WTSP. She
kindly agreed to send us these data to answer Referee #2’s comment. Surface (0-60 m) average iron
concentrations measured during the DIAPALIS cruises (http://www.obs-
vifr.fr/proof/vt/op/ec/diapazon/dia.htm) in the open ocean east of New Caledonia using the method
detailed in Blain et al. (2007) were [May 2002 : 1.00 * 0.35 nM (n=10) ; Feb. 2003 : 1.57 £ 0.63 nM
(n=6) ; June 2003 : 1.75 £ 0.53 nM (n=6) ; Oct. 2003 : 1.65 + 0.86 nM (n=5)], indicating higher
concentrations than in the gyre and no clear seasonal variations. During the same period, DIP
turnover times varied from months to several hours (Van den Broeck et al., 2004; Moutin et al., 2005:
references in the ms).

The last part concerns the lifetime of iron in seawater. How can iron concentrations be considerably
above the iron hydroxide solubility in seawater considered to be < 0.1 nM (Liu and Millero, 2002)?
Even if we had no direct measurements during OUTPACE, it is now accepted that organic ligands,
some of them probably also originating from hydrothermal sources, allow higher solubility (and also
longer lifetime) of iron than initially expected. All this will be discussed in the Guieu et al. paper, but
please note that Fitzimmons et al. (2014) already explained that "dFe must have been transported
thousands of kilometers away from its vent site to reach our sampling station", a reference that will
be added in the revised version.

The DFe concentrations reported by Moisander et al. (2011), while lower than the average
concentrations reported for the photic zone by Guieu et al. (in revision), were at least twice higher
than the ~0.1 nmol L-1 measured in the upper 350 m water column of the SP gyre (Blain et al., 2008).
Thus, these data still indicate higher concentrations closer to the MA. Furthermore, phosphate



concentration (SRP), except at their station 17, was largely above our measurements and specific
conditions, different from those observed during the OUTPACE cruise, may have been observed.
Again, a detailed, seasonal survey would be of great interest in this region, which is one of the
perspectives suggested in the present paper.

Fitzsimmons, J.N., Boyle, E.A., and Jenkins, W.J.: Distal transport of dissolved hydrothermal iron in
the deep South Pacific Ocean. Proc Natl Acad Sci U S A. 2014 Nov 25;111(47):16654-61. doi:
10.1073/pnas.1418778111, 2014.

Liu, X., and Millero, F.J.: The solubility of iron in seawater. Mar. Chem. 77, 43-54, 2002.

Sources of fixed nitrogen. Currently the authors use profiles of nitrate concentrations measured
during their cruise and climatology of MLD to estimate nitrate entrainment during deeper
wintertime mixing. From this they conclude that nitrate input to the surface mixed layer by this
process is minimal. Indeed, looking at the depth profiles of nitrate (nitracline _70m depth) and
MLD climatology (maximum mixed layer of _75m) this would appear to be sound. However, in
using climatological average mixed layer depths, the authors do not consider periodic entrainment
of much deeper waters with much higher nitrate concentrations by transient storms (see, for
example, general cyclone passages at:
https://en.wikipedia.org/wiki/Tropical_cyclogenesis#/media/File:Global_tropical_cyclone_trackse
dit2.jpg). What is the role of periodic nitrate entrainment by these deep mixing events that are not
characterised by average MLD climatology? It is worth noting that such storms would also entrain
DIC into the mixed layer, as well as nitrate, and the net effect on carbon budgets might be low.

Referee #2 asked about the effect of cyclones on nitrate entrainment. We thank Referee #2 for this
comment, and the paper by Law et al. (2011) in the North Tasman Sea shows precisely the effect of
such a cyclone. There was in fact no nitrate entrainment but a phosphate entrainment due to explicit
differences in nitracline and phosphacline depths, and this allowed nitrogen fixation to be enhanced
in a process close to the one we describe in our ms, but for physical forcing acting at a much finer
horizontal spatial scale than the winter vertical mixing. Yes, a cyclone may entrain nitrate from below
or enhance nitrogen fixation through introduction of phosphate, and therefore enhance the
biological soft tissue pump. Incidentally, during OUTPACE, there was a strong wind forcing event
within the study region. Cyclone Pam entered the Southwest Pacific in early March, and a drop in SST
and increase in Chl followed in its wake (see figures provided by the response to Referees for another
article in this special issue, de Verneil et al., 2017, page 8: https://www.biogeosciences-
discuss.net/bg-2017-84/bg-2017-84-AC2-supplement.pdf). The storm did indeed have a fertilizing
effect but at relatively short spatial (around Vanuatu islands) and time (around 2 weeks) scales,
compared to the larger-scale processes highlighted in the present study. In any case, this additional
effect and the paper by Law et al. (2011) will be added in the revised version of the ms, mainly to
explain that while episodic storms such as Cyclone Pam can induce deep mixing, which in turn brings
phosphate (but no nitrate, i.e. excess P) to the surface and enhances nitrogen fixation, this
mechanism may concern limited spatial and temporal scales compared to winter mixing.

Law, C. S., Woodward, E. M. S., Ellwood, M. J., Marriner, A., Bury, S. J., and Safi, K. A.: Response of
surface nutrient inventories and nitrogen fixation to a tropical cyclone in the southwest Pacific.
Limnology and Oceanography 56, 1372—-1385, 2011.

What is the mesoscale eddy activity in this region? These have been shown to supply significant N
to other oligotrophic waters. Could eddies be supplying additional nitrate? See, for example,
Falkowski et al. 1991; Oschlies and Garcon, 1998.



According to de Verneil et al. (this issue; see again the supplemental .pdf referred to above, pgs. 4-5),
mesoscale vertical fluxes due to quasi-geostrophic forcing calculated from satellite data were weak
and would act on a layer displaced from the relevant nutrient reservoirs. The mesoscale activity was
considered outside the scope of this large-scale study, and is studied in other papers in this special
issue, such as Rousselet et al., (in revision). The idea was not to ignore mesoscale activity but rather
to demonstrate that interesting results can be obtained from considering larger spatial and temporal
scales.

Additional sediment trap sample details. Some details with regards to the type of material found in
the sediment traps could be valuable to support the ‘mechanistic’ discussion with respect to
nitrogen fixation-fuelled carbon export. Were significant Trichodesmium colonies found in the
sediment traps? Or diazotrophic diatoms? Or zoo-plankton? Partly related to this, are there any
details about phytoplankton community structure determined from HPLC pigment analyses, flow
cyctometry, or microscopy? | appreciate that all these details could be in another article in the
special issue, but | cannot see it mentioned. More generally the manuscript should be very
clear/explicit as to what the new data in this manuscript are, and what is has been published/is in
review elsewhere. XX

As requested by Referee #2, we have added sediment trap sample details in the new version of the
ms. The protocol has been rewritten, as follows:

Settling particulate matter mass and C, N, and P flux measurements

The settling of particles in the water column outside of the upper layer was measured using 2 PPS5
sediment traps (1 m? surface collection, Technicap, France) deployed for 4 days at 150 and 330 m at
LD A (MA) and LD C (WGY) stations (Fig. 1). The PPS5 traps are covered with baffled lids (mesh 1cm?)
to reduce current shear at the mouth of the trap, but also to prevent large zooplankton and fish from
entering the traps. Particle export was recovered in polyethylene flasks screwed on a rotary disk
which automatically changed the flask every 24-h to obtain daily material recovery. The flasks were
previously filled with a 2% (v/v) buffered solution of formaldehyde (final pH=8) prepared with in situ
deep seawater. A sample of this water is kept to measure dissolved nutrients (phosphate and
silicate). Immediately after trap retrieval, samples were stored at 4 °C in the dark until they were
processed. Back in the laboratory, one part of the sample’s supernatant was kept and stored at 4°C
to measure dissolved nutrients (phosphate and silicate), and pH was checked on every trap sample.
Swimmers (all organisms deemed to have actively entered the trap) were identified under a
stereomicroscope and carefully removed with plastic fine-tipped forceps and placed into small vials
with some of the reserved trap preservative. The main species removed were copepods, crustaceans
(ostracods, euphausiids, amphipods) and pteropods. Microphotographs of each sample were taken.
After the swimmers were removed, the whole sample was then rinsed 3 times with ultrapure (MilliQ)
water in order to remove the salt and then freeze-dried. Mass particle fluxes were obtained by
weighing the freeze-dried sample 5 times. The accuracy of the weighing (and thus of the flux) was 1
% over the whole data series. In this study, swimmers were rinsed and freeze-dried and their dry
weight was also determined. Settling particulate matter and swimmers were analyzed separately on
an Elemental Analyzer coupled to an Isotope Ratio Mass Spectrometer EA-IRMS (Integra2, Sercon
Ltd) to quantify total C and N. Total P was analyzed as described in Sect. 2.2. The total element
measurements for the settling particulate matter were considered to represent the settling
particulate organic C, N, P. The results are presented Sect. 2.2 (Table 4).

Papers specifically dealing with trap material and nitrogen budgets are cited (Caffin et al., this issue,
Knapp et al.,, this issue) to confirm the preponderant role of nitrogen fixation in the MA. Zooplankton



(swimmers) C, N, P contents in the traps were already presented in the ms but not the species,
although this information is available on our website upon request. The title of the special issue is:
"Interactions between planktonic organisms and biogeochemical cycles across trophic and N;
fixation gradients in the western tropical South Pacific Ocean: a multidisciplinary approach (OUTPACE
experiment)", and therefore most of the papers deal with biology and biogeochemical cycles. The
aim of this paper was to focus on large scale and biogeochemical budgets only. Our attempt to
demonstrate the influence of zooplankton migration as a mechanism within our biogeochemical
budgets had its own limitations (in addition to Referee #2’s comments, see Referee #1). As a result,
our subsequent decision has been to focus on the main, biogeochemical budget message and to
shorten the Discussion.

The objective of the OUTPACE special issue is to provide an original opportunity for a group of
researchers to focus on the “Interactions between planktonic organisms and biogeochemical cycles
across trophic and N fixation gradients in the western tropical South Pacific Ocean”. The results will
be published in a single book at the end. It is a multidisciplinary approach with a tight time schedule,
and the major objective is to share data between project collaborators to give the better analysis of
the dense datasets. Data may be used several times in different papers of the special issue focusing
on different scientific questions. In this case, the method is described in full detail only in one paper
that is clearly referenced as the prevalent one for the method. In our paper, we focus onthe C, N, P
inventories and fluxes in the upper 0-200 m layer, but as an example the N; fixation rates were also
presented in a more specific paper presenting the methodology in detail.

More specific comments
ADCP data. These data are mentioned with regards to the zooplankton migration, with
implications for sub-mixed layer carbon export. Can we see plots of the data?

LDA 38 kHz SADCP Echo timeseries
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Raw SADCP Echo time series data at LDA station 38 KHz (above) and 150 KHz (below) showing diel
vertical migrations of zooplankton-micronecton during the 5 days of the station occupation.

Please note that the diel vertical migration of zooplankton-micronecton will now be detailed in
another paper by Menkes et al. (in prep) who have already worked and published data on this
subject (Smeti et al., 2014), a reference that we will add in our Discussion.



Smeti H., Pagano M., Menkes C., Lebourges Dhaussy A., Hunt B. P. V., Allain V., Rodier M., de Boissieu
F., Kestenare E., Sammari C.: Spatial and temporal variability of zooplankton off New Caledonia
(Southwestern Pacific) from acoustics and net measurements. J. of Geophys. Res. Oceans, 120 (4),
2676-2700. ISSN 2169-9275, 2015.

How were the reported zooplankton respiratory carbon losses to the sub-mixed layer calculated?

We used the quota of primary production (PP) proposed by Pagano and lkeda (cited reference) to
estimate carbon losses by respiration considering that all daily PP was grazed by zooplankton. In any
case, note that this part has been removed following the remarks by Referee #1.

DOP and alkaline phosphatase activity. Figure 5 shows significant phosphate available as DOP,
even in DIP-depleted Melanesian Archipelago waters. Could the P demand of nitrogen fixers be
sustained by DOP access?

Yes, in theory, but it is still not clear if it is a direct uptake of DOP molecules or rather a DOP to DIP
transformation outside of the cells (ecto-enzyme activity) followed by DIP assimilation. In any case,
the turnover times of DIP are really short in the MA, suggesting both rapid recycling and really low
DIP concentrations. One of the interesting results we provided is a seasonal increase in DOP,
suggesting a relatively low utilization of the major part at this time scale.

Was alkaline phosphatase activity measured? Recent findings show that Fe/Zn is required for some
dominant forms of alkaline phosphatase and so Fe/Zn availability could also control P access, in
addition to N access via nitrogen fixation (Mahaffey et al., 2014; Browning et al., 2017i; Landolfi et
al., 2015).

Yes, alkaline phosphatase activity was measured by F. Van Wambeke. Data show higher Vmax in the
MA compared to the GY. Referee #2 indicates an interesting point concerning Fe/Zn availability and a
possible control of alkaline phosphatase activity. Unfortunately, we do not have Zn measurements at
the present time.

Relative influence of iron and nitrogen in the WGY region. Biologically accessible nitrogen is
inferred to be the limiting resource to the overall phytoplankton community in the WGY (western
gyre region) (with Fe being the limiting nutrient for diazotrophs). What is the evidence that
nitrogen and iron are not directly co-liming to the overall phytoplankton community in this region
(Saito et al., 2014; Browning et al., 2017) both studies through the edge of gyre boundaries)? In the
study of Moisander et al. (2011), which was in proximity to the OUTPACE cruise region, a bottle
enrichment experiment displayed Fe was serially limiting (following nitrogen) to the overall
phytoplankton community, supporting this possibility.

Co-limitation. Co-limitation is not mentioned once in the manuscript but it seems central to the
discussion. For instance, iron and phosphorus could co-limit nitrogen fixation (Mills et al., 2004),
but iron could also co-limit phosphorus acquisition by the microbial community from the DOP pool,
and iron and nitrogen could co-limit the overall phytoplankton community. These interactions and
potential for feedbacks are pertinent when hypothesising a role of ‘ultimate’ limiting nutrients and
potential for future change (both topics of this manuscript). To quote Moore et al. (2013;
referenced in the manuscript): “Establishing the identity of a single ultimate limiting nutrient may
thus be less relevant than understanding the controls on, and feedbacks pertaining to, any given
process”.

Personally | would avoid conclusions/discussion that heavily refer to ‘ultimate’ limiting nutrients
(e.g. Moore et al., 2013; Tyrrell, 1999) as this is more relevant to larger spatial-temporal scales
than this dataset can be used for.



It is a very important point that needs to be discussed because as Referee #2 said, it is central to our
discussion and even part of the title.

The introduction of Moutin et al. (2005) was as follows: "In a nitrogen- limited ocean, the input of
‘new’ nitrogen (i.e. not related to organic matter recycling) into the photic zone controls primary
production (Codispoti, 1989). Nitrogen fixation in the ocean is a source of ‘new’ nitrogen. Thus, a
fundamental question arises as to: ‘What factors control nitrogen fixation in the ocean?’ What are
the factors that control N2 fixation over annual or longer time-scales (Falkowski 1997, Tyrell 1999,
Letelier & Karl 1998, Tyrell 1999) and are these distinct from ‘physiological’ factors that may
temporarily control the process of nitrogen fixation? Light, temperature (Carpenter et al. 2004) and
nutrient availability, particularly that of phosphate (Safiudo-Wilhelmy et al. 2001, Mulholland et al.
2002, Fu & Bell 2003) and iron (Behrenfeld & Kobler 1999, Kustka 2002), could physiologically control
the kinetics of nitrogen fixation. These factors could be different from the ‘systemic’ factor (Paasche
& Erga 1988) that controls the cumulative biomass over time within a particular oceanic area, and
ultimately, when considering all the oceanic provinces, the amount of nitrogen introduced via di-
nitrogen fixation in the world’s oceans.

Physiological factors can be investigated using short-term experiments such as selective enrichment
experiments showing that there may be co-limitation of diazotrophs by both iron and dissolved
inorganic phosphate (DIP) in certain situations (Mills et al. 2004). However, such short-term
limitation may not control accumulation of diazotroph biomass over time. For example, if the
‘systemic’ limiting factor is DIP availability in a particular area, a more or less high iron availability will
only drive the system to a more or less rapid consumption of DIP. The cumulative biomass of
Trichodesmium spp., which depends essentially on the DIP consumption, will not be affected in the
long term by iron availability. Considering the cumulative biomass as the end product of the nitrogen
fixation process, ‘physiological’ factors act as catalytic factors only. Thus, knowing the systemic
controlling factor is of prime necessity and can only be assessed using annual or longer- term studies
on nutrient availability and uptake kinetics parameters of the species studied."

Yes, nitrogen is the first limiting nutrient, rapidly followed by others in the WTSP using short term
experiments (Van Wambeke et al., this issue), but 5-10 days were necessary to obtain an increase in
PP, chl a and export production after a DIP enrichment in a minicosm experiment, suggesting that
classical methods (short-term microcosm experiments) used to quantify nutrient limitations of PP
may not be relevant (Gimenez et al., 2016), at least in the WTSP.

As high nutrient concentrations in High Nutrient Low Chlorophyll (HNLC) areas (Minas et al. 1986)
may be considered as the result of an inefficient biological carbon pump (Sarmiento and Griiber,
2006), high or relatively high phosphate concentrations (and high DIP turnover time) in the south
Pacific gyre (Moutin et al., 2008; Moutin et al., this issue) may be the result of inefficient N, fixation.
Conversely, the low P availability (low concentration and DIP turnover time) in the upper surface of
the WTSP is the result of intense N fixation.

Because iron concentrations are really low in the gyre and high in the MA (even during the strongest
stratified period), and because of the specific iron needs of diazotrophs, iron availability is the best
candidate for preventing nitrogen fixation in the gyre and allowing nitrogen fixation in the MA.
Therefore, DFe may appear as the ultimate (systemic) nutrient control in the gyre and DIP may
appear as the ultimate (systemic) nutrient control in the MA.

We hope we have managed to convince Referee #2 that we cannot avoid mentioning the term
'ultimate’ in our large-scale study, and also that we cannot enter into a debate about co-limitation
without specific data. We are only interested in the large scale nutrient limitation.



Gimenez, A., Baklouti, M., Bonnet, S., and Moutin, T.: Biogeochemical fluxes and fate of diazotroph-
derived nitrogen in the food web after a phosphate enrichment: modeling of the VAHINE mesocosms
experiment, Biogeosciences, 13, 5103-5120, https://doi.org/10.5194/bg-13-5103-2016, 2016.

Minas, H.J., Minas, M., and Packard, T.T.: Productivity in upwelling areas deduced from hydrographic
and chemical fields. Limnol. Oceanogr., 31(6), 1182-1206, 1986.

Moutin, T., Van Den Broeck, N., Beker, B., Dupouy, C., Rimmelin, P., and LeBouteiller, A.: Phosphate
availability controls Trichodesmium spp. biomass in the SW Pacific Ocean, Mar. Ecol. Prog. Ser., 297,
15-21, 2005.

Moutin, T., Karl, D. M., Duhamel, S., Rimmelin, P., Raimbault, P., Van Mooy, B. A. S., and Claustre, H.:
Phosphate availability and the ultimate control of new nitrogen input by nitrogen fixation in the
tropical Pacific Ocean, Biogeosciences, 5, 95-109, 2008.

Sarmiento, J. L., and Gruber, N.: Ocean Biogeochemical Dynamics, Princeton University Press,
Princeton. 503 pp, 2006.

Figures. Figures are generally clear but some details to captions need to be added.

For example, check that all vertical/horizontal lines in Figs 3—6 are defined in the figure caption
(even if defined in the text). Figure 1 (map) is good for detail but not very good for placing the
cruise in its wider geographic position. Could an inset map or similar with continents for
geographic context be included in addition to the current map? See Bonnet et al. (in review in this
special issue Fig 1).

We thank Referee #2 for describing our figures as mostly clear. We have added the text
corresponding to all vertical/horizontal lines in Figs 3—6 in the figure captions. We also add an inset
map in Fig. 1: see below.
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All comments indicated below have been taken into account in the revised version of the ms, unless
a specific response is included within the Referee’s comments. We thank Referee #2 for his/her
careful reading of the ms.

Tables. Currently commas rather than decimal points are used in tables. This could be confusing for
some readers. Please change.

Spelling/sentence structure/grammar: see first main point, below are some examples:

Pg 2 Line 3: ‘deep Sea’ ! ‘deep sea’

Pg 5 Line 41: allowing to draw first-order winter to summer seasonal variations ! ‘allowing us to
draw first-order winter to summer seasonal variations’

Pg 6 Line 10: ‘and 2, 3, and 3’ ! ‘and 2, 3, and 4’?

No, itis ‘and 2, 3, and 3’



Pg 8 line 23: ‘Rapidly, seawater was collected in triplicates from the Niskin bottles in 2.3 L
polycarbonates bottles at 6 depths (75 %, 54 %, 19 %, 10 %, 1 %, and 0.1 % surface irradiance
levels), like for PP measurements’ ! ‘As for PP measurements, seawater was rapidly collected in
triplicate from the Niskin bottles in 2.3 L polycarbonates bottles at 6 depths (75 %, 54 %, 19 %, 10
%, 1 %, and 0.1 % surface irradiance levels).’

Pg 11, line 12: ‘Otherwise, very low and improbable P contents were found in the swimmers’ !
Please be more specific with regards to ‘very low’ and ‘improbable’

We have added (see the previous column in Table 4) to the end of the sentence in order to be
clearer. Please keep in mind that loss of P is known from living organisms after poisoning (Talarmin et
al., 2011)

Talarmin, A., F. Van Wambeke, S. Duhamel, P. Catala, T. Moutin, and P. Lebaron. 2011. Improved
methodology to measure taxon-specific phosphate uptake in live and unfiltered samples. Limnol.
Oceanogr. Methods 9:443-453 (2011) | DOI: 10.4319/lom.2011.9.443.

Pg. 11 line 37: ‘large precipitation’ ! do you mean rainfall?

Pg 12 line 41: ‘Else we need. . .’ ! ‘Otherwise we need..’

Pg 18 Line 17: ‘from an iron limitation in the east’ ! ‘from probable iron limitation in the east’;
currently no iron data is given to rule out other potential controls.

Pg. 18 Line 28: ‘Furthermore, both diazotrophy and denitrification are known to undergo drastic
alterations due to climate change.’ ! References needed to back up this statement?

We have replaced 'known' by 'expected' and added 2 recent references (including other references),
as requested:

McMahon, K. W., McCarthy, M. D., Sherwood, O. A, Larsen, T., and Guilderson, T. P.: Millennial-scale
plankton regime shifts in the subtropical North Pacific Ocean, Science, 350, 1530-1533, 2015.
Lachkar, Z., Lévy, M., and Smith, S.: Intensification and deepening of the Arabian Sea oxygen
minimum zone in response to increase in Indian monsoon wind intensity, Biogeosciences, 15, 159-
186, https://doi.org/10.5194/bg-15-159-2018, 2018.
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Anonymous Referee #3

Moutin et al.’s study investigates the regulation of the ocean C, N and P fluxes in the western
tropical South Pacific Ocean, a key oligotrophic oceanic region for nitrogen fixation. They combine
a large new dataset collected during the OUTPACE campaign (February-April 2015) with
climatologies of upper water properties. The OUTPACE cruise followed a 4000 km longitudinal
transect going from the Melanesian Archipelago (MA) to Papeete (French Polynesia). Comparing
seasonal trends of C, N, and P mass balances for 3 main areas of the WTSP, they find that (1) the
MA is a net sink of atmospheric CO2, mainly caused by the soft-tissue biological pump; (2) the MA
biological pump results from both high rate of N2 fixation fuelling export production and
mesozooplankton diel vertical migration; and (3) MA N2 fixation is essentially controlled by
phosphate availability.

I think the tackled questions and presented results of this study are really interesting and
important and deserve publication. There are lots of uncertainties on the role of nitrogen fixers in
fuelling ocean production and export in oligotrophic area especially of the Pacific Ocean due to lack
of observations. This region is particular important as covering a large area and presenting high
rates of N2 fixation. | thus strongly recommend this work for publication. | have however the
following main comments that need to be taken into consideration.

We thank Referee #3 for remarking on the new large dataset obtained and his conclusion that the
tackled questions and presented results are interesting, important and deserve publication. We really
appreciate the detailed expression of our main conclusions, showing that the diel vertical migrations
of zooplankton are only a part of one of the three main conclusions.

In the following paragraphs, the original review comments from Referee #3 are in bold and our
responses are interspersed in normal characters.

Main comments

Paper presentation - At the moment the results and the argument for the role of nitrogen fixation
and mesozooplankton vertical migration for the atmospheric CO2 sink of the Melanesian
Archipelago region are a bit convoluted. While it is nice to follow the steps of thought of the
authors on how they come about to find these links, this is done a step too far: for instance, the
second half of section 4.3 more or less repeats what is said in section 4.2. | recommend the authors
to reorganise the results and discussion to be a lot more concise. This will help following the
argument and strengthening the case of the paper.

Following all the comments from the other Referees regarding zooplankton vertical migrations
(which, as previously mentioned, was not the primary focus of this paper), and also the
recommendation by Referee #3 regarding repetition in the Discussion, we have considerably
shortened this part, deleting all sentences in the Abstract and Conclusion concerning this topic, and
limiting the Discussion to what we consider to be our main focus. The diel vertical migrations of
zooplankton-micronecton during OUTPACE will be the focus of a new paper by C. Menkes and
collaborators in the near future. With these changes, we hope to focus the reader’s attention on
what we consider to be the main message in this paper, the biogeochemical budgets.

To help make a stronger case for the paper, | wonder also if it would be possible to add a diagram
that visualises the main processes occurring in the region (N2 fixation, vertical migration of
zooplankton, CO2 uptake. . .).



We agree with Referee #3, but the diagram below has already been published in the OUTPACE
preface paper (Moutin et al., 2017: https://www.biogeosciences.net/14/3207/2017/). Therefore, we
proposed to add (see Moutin et al., 2017; their figure 1) after: The “soft tissue” pump in the new
version of the ms. Please note that the vertical migrations of zooplankton were not specifically
shown.

N, Azation oo
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Figure 1. Major CC faxes for a beological pump budget and the mam
roke of N; fxaton. Baological pump = $e C ransler into the occan
interor by hiclogical processes. IC s dessolwed inorgamec C, POC
is purtsculate omgasic C, and DOC is desolwed morganic C. See
Moutin et al (2012) for 2 detailed descoption

Moutin, T., Doglioli, A. M., de Verneil, A., and Bonnet, S.: Preface: The Oligotrophy to the UlTra-
oligotrophy PACific Experiment (OUTPACE cruise, 18 February to 3 April 2015), Biogeosciences, 14,
3207-3220, https://doi.org/10.5194/bg-14-3207-2017, 2017.

Effect of zooplankton vertical migration - The current manuscript presents the vertical migration of
mesozooplankton as an explanation for the missing sink in the upper C budget at WMA. It would
be nice to quantify this process either based on other technique or by simply doing a mass balance
(which the authors are shying away). MA net sink of atmospheric CO2 - It would be good to
quantify the net sink in pCO2 and compare it with other estimates and with other regions.

We now only suggest, in a section of the Discussion and among 2 other hypotheses, a probable role
of diel vertical migrations of zooplankton in the transfer of carbon.

Minor comments

P2, L3: Confusing sentence. In my mind mineral refers to carbonate and silicate which is at odd in
association with the soft-tissue pump which refers to organic carbon.

We have replaced 'mineral' by 'dissolved inorganic', to avoid confusion.

P3, L35: Can you give slightly more information of the climatology of de Boyer- Montegut et al.
(2004)? Mainly the type of collected data and coverage.

The 2° resolution global climatology of the mixed layer depth (MLD) of de Boyer Montegut et al
(2004) is constructed from nearly 5 million individual temperature profiles from the following
databases: NODC WODO09 from 1941 to 2008, WOCE 3.0 from 1990 to 2002 and ARGO PFL from 1995
to sept. 2008. Profiles with any spurious data in the mixed layer have been removed (about 8% of the
total profiles). For each selected profile, a MLD was estimated following the chosen criterion. In our
study the MLD_DTO02 data were used where the MLD is defined as the depth where the
temperatures on the profiles differed from a fixed threshold of 0.2°C compared to the temperature
at 10m. The MLD defined on individual profiles were gathered into monthly boxes of 2° latitude by 2°
longitude.



For our study, pixels corresponding to each station of the different groups were extracted from the
global climatology. Even if the number of existing profiles in the South Pacific Ocean is low, the MLD
in the selected pixels were estimated from at least 5 and up to 80 profiles, depending on the pixel
and month.

P6, L39: Say in the Figure 2 caption, what the red lines refer to.

We have added: “The vertical red lines indicate the period of the OUTPACE cruise:18 Feb. to 3 Apr.
2015.” in the new version of the ms.

P9, L27: Need to specify that shallow nitracline indicates oligotrophic waters.
We have added: “with shallower nitracline depths » at the end of the sentence.

P12, L35: Can you add the sum of the MA regions so that we can see that the MA area is a net sink
of atmospheric CO2?

We have rewritten this and added the mean atmospheric CO; input for the MA.

P12, L40: Little bit misleading as the Table 6 and main text do not use the same unit. Can you add
in the text the numbers in mol m-2 d-1 as well?

We have modified the ms to use the same unit.

P18, L40: Can you stipulate here if the source of P changes with climate change, how this might
affect N2 fixation, zooplankton migration and CO2 sink?

We did not think that the sources of P would change with climate change, but more precisely that
the main expected alteration following climate change would strengthen the P limitation. This was
developed in Moutin et al., (2008). In other words, the P-limited areas such as the MA, the Sargasso
Sea or the Mediterranean Sea, might be extended.

Moutin, T., Karl, D. M., Duhamel, S., Rimmelin, P., Raimbault, P., Van Mooy, B. A. S., and Claustre, H.:
Phosphate availability and the ultimate control of new nitrogen input by nitrogen fixation in the
tropical Pacific Ocean, Biogeosciences, 5, 95-109, 2008.
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Abstract

Surface waters (0-200 m) of the western tropicait®®acific (WTSP) were sampled along a longituldd@®0 km transect
(OUTPACE cruise, 18 Feb., 3 Apr. 2015) during thatified period between the Melanesian Archipeléit®) and the
western part of the SP gyre (WGY). Two distinctaaravere considered for the MA, the western MA (WM the
eastern MA (EMA). The main carbon (C), nitrogen ,(Nhosphorus (P) pools and fluxe$ow-for-provide a basis for the
characterization of the expected trend from oligpltry to ultra-oligotrophy, antb-thebuilding of first-order budgets at the

daily and seasonal scales (using climatology). Seéace chlorophyll a reflected well the expectéidotrophic gradient
with higher values obtained at WMA, lower valuesVéGY and intermediate values at EMA. As expectéé, euphotic
zone depth, the deep chlorophyll maximum and Hireaepth deepen from west to east. Neverthefgsssphaclines and
nitraclines did not match. The decoupling betwebosphacline and nitracline depths in the MA allexsess P to be
locally provided in the upper water by winter migin’Ve found a significant biological “soft tissuedrbon pump in the MA
sustained almost exclusively by, Nixation and essentially controlled by phosphatailability in this iron-replete
environment. The MA appears to be a net sink forogpheric CQwhile the WGY is in quasisteady state. We suggest that

the necessary excess P, allowing the successrofeait fixers and subsequent carbon production apdre is mainly

brought to the upper surface by local deep wintgvection at an annual scale rather than by sudacelation.\We-also

to-deeper-water-in-the-MANhile the origin of the decoupling between phostihacand nitracline remains uncertain, the
direct link between local P upper waters enrichmBiatfixation, organic carbon production and exporfesf a possible
shorter time scale than previously thought betwdémput by N fixation and carbon export. The low iron availékiin the
SP gyre and P availability in the MA during theasifred period may appear as the ultimate contfoNanput by N
fixation. Because of the huge volume of water tosider and because the SP Ocean is the place of intemsgification in
the east (N sink) and Nixation in the west (N source), precise seas@hal, P_Febudgets would be of prime interest to

understand the efficiency, at the present time,ianke future, of the oceanic biological carbomypu

1 Introduction

The oceanic biological carbon pump correspond$i¢ottansfer of carbon from the upper surface tooitean interior by
biological processes, greatly influencing atmosgh@QO, concentration and therefore the earth’s climatas la highy
ranked priority ef-centemporanecus in currergsearch in oceanography (Burd et al., 2016). Tietogical pumps have
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been defined (Volk and Hoffert, 1985), the “sofistie” and “carbonate” pumps associated with organgitter or calcium

carbonate processes (e.g. production, export, egalination or dissolution). The “soft tissue” purfgeee Moutin et al.,

2017; their figure 1)considering both its intensity and shorter timalss, is by far the larger contributor to thé&eral

dissolved-_inoganicarbon gradient between the upper surface and ¢lep SeaseaFollowing climate alteration, the

biological “soft tissue” pump begins to deviaterfréts equilibrium condition, meaning that its irdhhce on atmospheric
CO, change may occur at time scales shorter thanqarslyi thought (Sarmiento and Griiber, 2006). Becthesestrength of
the biological carbon pump depends on nutrientlabéity in the upper ocean, and more particulantynitrogen availability
(Falkowski et al., 1998, Tyrell, 1999, Moore et &013), which is at long term regulated by exteinput by dinitrogen
(No) fixation and internal denitrification (Griber aB@rmiento, 1997; Codispoti et al., 2001; Deutdcal.e 2001; Brandes
and Devol, 2002; Gruber, 2004; Mahaffey et al., 20Deutsch et al., 2007; Codispoti et al., 2007p@e and Knapp,
2007; Moutin et al., 2008; Deutsch and Weber, 2QB2dolfi et al., 2013, Jickells et al., 2017), gtitive evaluation of
the regulation, interdependen@mdevelutionpatierns of changef these two processes reqgsimgtense{2pttention at the

present time. It has been suggested earlier thdixation may play a large part in changing atmasghCQ inventories
(McElroy et al., 1983), but at long time scales andsidering taking into accounttarge maglifferences in Aeolian iron
input (Falkowski, 1997, Broecker and Henderson, 8)98ecause M fixation may ultimately be controlled by iron

availability, and because dust delivery to the acéa climate sensitive, there may be inextricabhkdd feedback
mechanisms that regulate, fixation, atmospheric COconcentrationsand dust deposition over relatively long periods
(Michaels et al., 2001; Karl, 2014). Although famdental, the time scales by which N sources arig sire coupled in the
ocean remain uncertain (Falkowski et al., 1998nBes and Devol, 2002; Straub et al., 2013). ExBessierges as a master
variable to link them in the modern ocean (Deutstlal., 2007) as well as from a paleobiogeochemical point ofwie

(Straub et al., 2013¥It has been suggested thhe frecent (since the beginning of the industria) @icrease in production

by Np-fixing cyanobacteriavas-suggested-te-providemay have provi@enegative feedbacksponsdo rising atmospheric

carbon dioxide concentrations (McMahon et al., 20&%hough an inverse trend was also proposed (Ki@l.e 2017).
While the observed changes in fikation and biogeochemical cycling reflect eithreatural oceanic variability or climate
change (Karl et al., 1997; Karl, 2014), the mosthyable changes for the near future in botHfikation and denitrification
processes following climate forcing aseggested—{Dredicted to be a strengthening control of the carbon cymteP
availability (Moutin et al., 2008).

The western tropical South Pacific (WTSP) is a postudied area where large blooms of diazotropksewpreviously

observed by satellite (Dupouy et al., 2000; 20ahgdwhich has been recently qualified as a-Bpbt of N fixation (Bonnet
et al., 2017). It is hypothesized that following tSouth Equatorial Current (SEC), the N-depletedniiched waters from
areas of denitrification located in the East Padiiach waters with sufficient iron in the westattow N, fixation to occur
(Moutin et al., 2008; Bonnet et al., 2017). Whilerirontal advection of waters from the east throtiglh SEC probably
supports an active biological pump in the WTSPalaertical convection may also play a central role

In addition to the main objective of following tlsame water mass for several days (de Verneil eP@17) by a quasi-
Lagrangian experiment (Moutin et al., 2017) in artte propose daily budgets (Caffin et al., thisuessKnapp et al., this
issue) or short term biological trends (Van Wambeke etthis issue), we proposed here to work at lasparce and time
scales, in complement to the work by Fumenia eftlis issue) showing that:Nixation in the WTSP may influence the
whole SP Ocean. While many recent works focusngpertant{2)small spatial scales influencing the biologicalboar
pump (Lévy et al., 2012; Stukel et al., 2017), warfd it important to also show results from a largeale study in the
OUTPACE (Oligotrophy to UlTra-oligotrophy PACific X¥periment) special issue
(https://www.biogeosciences.net/special_issue884)htshowing that they are complementary rathernthautually
exclusive FAnother interest ofhis studywas-alse-meotivated-becauseis tivet are far from resolving seasonal variations of
the main biogeochemical variables in the WTSP| Istibely under-sampled compared to #hatheraNorth Pacific and
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Atlantic. Theebjective ainmof this study is therefore to provide a large spdtiundreds of km) and temporal (annual) scale
study of the main biogeochemical C, N, P stocks f#funks in the upper 200 m of the WTSP Ocean froeasarements
gathered during the stratified periaghd to evaluate the main seasonal tréras-on the basis céstimations of previous

winter conditions and climatological analysis.

2 Material and methods
2.1 General method and strategy

Sation locations, chronology, CTD measurements, sample collection

The OUTPACE cruise was carried out between 18 Faprand 3 April 2015 from Nouméa (New CaledoniaPtpeete
(French Polynesia) in the WTSP (Fig. 1). We samplater along a 4000 km transect from the oligotioptater of the
MA to the clearest ocean waters of the South Ra¢8P) gyre (Moutin et al., 2017) from a SBE 911FDcRosette.
Euphotic zone depth (EZD) was immediately deterchior-board from the photosynthetic available radia(PAR) in-at
depth compared to the sea surface PAR@nd used to determine the upper waters sampipghs corresponding to 75,
54, 36, 19, 10, 3, 1 (EZD), 0.3, and 0.1 % of PAR(CTD sensors were calibrated and data processstecpiise using
Sea-Bird Electronics software tin 1-m bins. Conservative temperature, absolute saliaity potential density were
computed using TEOS-10 (McDougall and Barker, 20Chjorophyll a (chl a) in mg hwere measured with an Aqua Trak
[l fluorimeter (Chelsea Technologies Group Ltd)l samples were collected frothe-24; 12-L Niskin bottles equipped
with silicone rubber closures and tubing for meaments (see section 2.2. Analytical method) ofkst@riables (dissolved
oxygen, dissolved inorganic carbon (DIC), totaladitkity (TA), nutrients, chl a, particulate and sti$ved organic C, N, P)
and fluxes (primary and bacterial production rakésfixation rates, and dissolved inorganic phospkate) turnover times,

i.e. the ratio of DIP concentration to DIP uptake).

Group of stations

For our large-scale study, we considered 3 arbéaswestern MA (WMA), the eastern MA (EMA) and thestern gyre
(WGY) waters. Four 0-200 m CTD casts, mainly deslote nutrient pool analyses, were considered fahemrea and
correspond to the following stations: SD 1, SD R,3%and LD A for WMA, SD 6, SD 7, SD 9 and SD 10 EMA and SD
13, SD 14, SD 15 and LD C for WGY (Fig. 1, Table& 12). Therefore, the same number of CTD casts wsed to
characterize each area. The choice of the stafiwresach area was essentially geographiout justifieda posteriori by the
results. SD 8 was discarded because no nutriersuresaents were available. SD 11, SD 12 and LD Bwaso discarded
because a bloom was sampled at LD B, meaning theasurements are guteofthe scope of this paper, which deals with
large-scale spatial and temporal variations. Jjecificity specificitief the transition area between the MA and GY waters
are presented in another paper of the OUTPACE ab&siue (de Verneil et al., 2017). WMA, EMA and W®uill be
presented in dark green, light green and blue etly, in close relationship with the expectdidatrophic gradient.

Mixed layer depths

Mixed layer depth (MLD) was calculated using a svad temperature of 0.2 °C deviation from the nerfiee value at 16n
depth (de Boyer-Montegut et al., 2004) from OUTPACED profiles (Table 1). For climatological MLD d@afFig. 2a, 2d,
2g), values at each station were extracted fronglbleal climatology at 2° resolution proposed byBigyer-Montegut et al.
(2004) (downloaded from http://www.ifremer.fr/cetwdeboyer/mid/Surface_Mixed_Layer Depth.php on 12an2017).

The same criterion (threshold temperature deviadfdh2 °C) was used.

Vertical eddy diffusivity measurement
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The mean eddy vertical diffusivity between 40-20@vas determined for each station from one to séwasis undertaken
using a VMP1000 (Bouruet-Aubertot et al., this &sBriefly, Kz is inferred from the dissipationteaof turbulent kinetic
energy,g, mixing efficiency,y, and buoyancy frequency, N, according to the Qsbelationship: K= (ye ) / N2 € is

computed from the microstructure shear measurenfergs Xie et al, 2013) and mixing efficiency idarred from the

Bouffard and Boegman parameterization as a funatfdorbulence intensity (Bouffard and Boegman, 201

Satellite data
Sea surface temperature (SST) (Fig. 2b, 2e, 2hkaadurface chl a (SSchl a) (Fig. 2c, 2f, 2i) fiduty 2014 to July 2015
were obtained using processed satellite data pedvidby the MODIS Aqua mission (downloaded from

https://oceandata.sci.gsfc.nasa.gmv/Jan 3, 2017). The mapped level @nalysis has a 4 km spatial resolution produced at

a monthly time scale. For each station, pixels iwith rectangle with sides +/- 1/8° longitude antitude away from the

station position were averaged together to produsiegle value.

Depth profiles of all discrete variables

All measurements are presented together with #stimated mean concentrations profile (thick liae)in Figs. 3, 4, 5, 6.
In order to determine the mean concentrationsptbéles of the variable in question (concentratisrdepth) for all stations
included in the group were interpolated betweem& 200 m with a piecewise cubic hermite interpatatscheme (pchip
function in the pracma R package). In case of missialues close to 200 m, the interpolation wapstd at the deepest
(beforeabove200 m) point available. The mean profile was eatad from the mean value of the interpolated prsfil- at
everyene-meterone-metelepth horizon. For inorganic nutrient concentraie quantification limit (QL) (see section 2.2),

a zero was indicated-erdertotoshow that a measurement was taken.

Normalization

Concentrations normalized by salinity are used twdys biological processes independent of variatioekted to
evaporation/precipitation. At global scales, ittcanmon to apply &35 (Millero, 2007). In order to estimate seasdratds
in our specific areas, we normalized to the meaolalte salinity measured at 70 m depth in each, &ea 35.65 + 0.04,
35.83 = 0.04 and 35.91 + 0.02 gkdor the WMA, EMA and WGY, respectively. This cheiwill be further justified
hereafter. Important differences in the carbongt&esn requiree-take-inte—accourthis normalizationio be taken into

accounf which justifies its use for the other variablegen if changes are relatively small (e.g., forieuats).

Inventories

Inventories were calculated from the depth profdéshe discrete variables of inorganic and orgddidN, P dissolved and
particulate pools (see section 2.8)easured during the OUTPACE cruise (Table 3) betw@ and 70 m depth. The latter
depth corresponded to the average deeper annual dbt&ined using climatologys explained above and shown in Fig. 2

(a, d, g). The integrated fluxes were calculatatsm®ering the same depths.

Settling particulate matter mass and C, N, and P flux measurements

The settling of particles in the water column odesif the upper layer was measured using 2 PPS5 sedtnagst (1 m
surface collection, Technicap, Frana#ggployed for 4 days at 150 and 330 m at LD A (MAY LD C (WGY) stations (Fig.
1). The PPS5 traps are covered with baffled lidisvés1cnd) to reduce current shear at the mouth of the trapalso to

prevent large zooplankton and fish from enterirgttaps. Particle export was recovered in polyethylflasks screwed on a

rotary disk which automatically changed the flask every 24-blitaina-daily material recovery. The flasks were previously

filled with a 2% (v/v) buffered solution of formadtiyde (final pHE8) prepared with in situ deep seawater. A sampthis
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water is kept to measure dissolved nutrients (phatspand silicate). Immediately after trap retriesamples were stored at

4 °C in the dark until they were processed. Badk@laboratoryaonepart of the sample’s supernatant was kept anédtor

at 4°C to measure dissolved nutrients (phosphalesdicate), and pH was checked on every trap santplvimmers (all

organisms deemed to have actively entered the wapd identified under a stereomicroscope and ghyaemoved with

plastic fine-tipped forceps and placedoin small vials with some of the reserved trap presere. Thegreatest main

species removed were copepods, crustaceans (aigtramgohausiids, amphipods) and pteropods. Mictopnaphs of each

sample were taken. After the swimmers were remotresl whole sample was then rinsed 3 times withaplire (MilliQ)

water in order to remove salt and then freeze-diéaks particle fluxes were obtained by weighing fikeze-dried sample

5 times. The accuracy of the weighing (and thughefflux) was 1 % over the whole data series. Is $ftudy, swimmers

were rinsed and freeze-dried and their dry weight wlso determined. Settling particulate matter gmonmers were

analyzed separately on an Elemental Analyzer cdugen Isotope Ratio Mass Spectrometer EA-IRM$(dra2, Sercon

Ltd) to quantify total C and N. Total P was analyzes described in Sect. 2.2. The total element unea®nts for the

settling particulate matter were considered toasent the settling particulate organic C, N, P. fi@seilts are presented
Sect. 2.2 (Table 4).

Ocean-atmosphere CO- fluxes

Ocean-atmosphere GAluxes Ocoz = -Kg * (Pcof™- pcoP®) were calculated considering 1) a megmk0.031 + 0.005 mol
m? y! patm! (i.e. 85 umol nf d* patm?) for gas transfer velocityestimated fromhe Liss and Melivat (1986) relationship
and sea winds derived from satellite measuremeh®9:2009). Data came from Boutin et al. (downlaadem
http://cersat.ifremer.fr/ on March 3 , 2017 andrasted on a geographical grid (Latitude : -17 8°-R, Longitude: +159 to
+211° E) - one grid was used because no signifidéi@rences were obtained ig for the 3 areas WMA, EMA and WGY),
2) a mean oceaniccpz (pco®®) determined for each area during the OUTPACE erwasd 3) a mean atmospherigop
(pco™) estimated from the molar fraction of €(Xcoy) in dry air measured at SMO station Tutuila (Aroari Samoa, Lat
14.247° S, Lon 170.564° W, north of LD B (Fig. 1)NOAA/ESRL - data downloaded from
http://dx.doi.org/10.7289/V51834DB on February Z017). A monthly averagedg$.= 398.4 ppm for March 2015 was
used whereas Xovaried from 396.0 to 398.4 ppm from July 2014 tty B015 at Tutuila with an annual mean of 397.3
ppm. The Xo. data were converted incg™™ considering 100% humidity and a total pressurel aitm (101325 Pa)
following Weiss and Price (1980)ith surface seawater temperature and salinityagh area (Table 5). A total pressure of
101260 + 180 Pa was determined considering NCEP-RI®&&analysis 1 on the OUTPACE area from July 2@1duty
2015, with no longitudinal trend, justifying-considemg 1 atm as total pressure for the conversion (doadgd from
https://www.esrl.noaa.gov/psd/data/gridded/datgmeanalysis.html on December 19, 2017).
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Upper layer (0-70 m) daily C, N, P, budgets

Comparative daily C, N, and P budgets of the upilem layer were established for each area (Tabllpits from below
associated with vertical turbulent diffusion weedotlated using the mean vertical eddy diffusivéigd slopes of nutriclines
(Table 2) and DIC gradients calculated betweenJ®+2 using linear regressions (data not shown).ddean-atmosphere
CO; fluxes were detailed in the previous paragraple ifiput of nitrogen by Nfixation was calculated for each area (Table
6) using depth profile sampling and on-deck 2¥M incubations (section 2.2). Both C, N, P particaland dissolved
organic export were estimated. The wayf obtainng particulate export by settling material (Tablevf)s described above.
Output of dissolved and particulate organic mabgrturbulent diffusion was calculated from the meaartical eddy
diffusivity (Table 1) and from gradients estimateih linear regressions (data not shown) betweenstirface and 70 m
depth of DOC-POC (Fig. 5d-5g), DON-PON (Fig. 5e-ahgl DOP-POP (Fig. 5f-5i). When non-significantdieats were

obtained, fluxes were nil.

Seasonal variations and upper layer (0-70 m) annual C, N, P budgets

We sampled for OUTPACE during the stratified peritéiracterized by minimum MLDs close to 20-40 ng(Ria, 2d, 29),
where the largest part of biological fluxes (Fiy.o8curred. Because the only mechanism able toptishis stratification at
a largespatialscale is deep water mixing occurring during wingargd more specifically in July in this area (Fig, 2d, 29),
we postulated that conditions at 70 m depth (awerdgpth of wintertime MLD) remained unchanged, af dot
significantly changegl—overthroughouithe year. Considering no large inter-annual diffees in winter MLDs, we
considered that the mean measurements at 70 m deptly OUTPACE well represented the homogeneoygeuwater
column (0-70 m) variables and initial winter coialiis (i.e. conditions in July 2014allowing us to draw-determinefirst-
order winter to summer seasonal variations (Tapknd 8-month C, N, P budgets (Table 8). The dashed inall-Figs. 3,
4 and 5 indicate the upper surface expected vdtwesl variables during the 2014 austral wintard allowferevaluation

of the temporal variation toward the austral sumssason (full lines) in each area.

Surface waters carbonate system climatology

The climatological gridded values proposed in Talshlh et al. (2014), hereafter referred as NDP-O8datology, were
used to validate our estimated values for the cmtmosystem in the upper surface previous wintaditions (July 2014).
The dataset is based on interpolatedf and calculated TA data (based on regional linesergial alkalinity-salinity
relationships) on a 4° Latitude by 5° Longitude iy grid in the reference year 2005. The varidbl€ (among others) is
calculated from ¢ and TA. Data were downloaded from http://cdiacdiss.lbl.gov/ftp/oceans/NDP_094/ on
December 19, 2017. Climatological July data centnre@0°S were extracted along the cruise transet®a3 and 3 pixels
were averaged for comparison in the WMA, EMA and W&eas, respectively (Table 5). In order to actdanthe po:
increase at the earthsurface between 2005 and 2015, a constant offsdt5 patm.y* was applied to ¢z and a

corresponding constant offset of 1 pmottkg* was also applied to DIC.

2.2 Analytical chemical methods

Oxygen and apparent oxygen utilization (AOU)

Oxygen concentration in the water column was meabsuith a Seabird SBE43 electrochemical sensorfaged with the
CTD unit. The raw signal was converted to an oxygemcentration with 13 calibration coefficients.eTimethod is based on
the Owens and Millard (1985) algorithm that hasrnbskghtly adapted by Seabird in the data treatnseftivare using a

hysteresis correction. A new set of calibrationfficients has been determined after the cruisedst-process the whole
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dataset. Only three coefficients (the oxygen sighape, the voltage at zero oxygen signal, thespmescorrection factor)
among the 13 determined by the pre-cruise factalipmation of the sensor were adjusted with théofeing procedure¥the
oxygen concentrations measured by Winkler were Ineatonith the signal measured by the sensor at lthging of the
Niskin bottles. The three values were fitted by imizing the sum of the square of the differenceMeein Winkler oxygen
and oxygen derived frorthe sensor signal. Winkler oxygen concentration was sueal following the Winkler method
(Winkler, 1888) with potentiometric endpoint detection (Oudot &t 4988) on discrete samples collected with Niskin
bottles. For sampling, reagents preparation antiysisathe recommendations from Langdon (2010) Hasen carefully
followed. The Thiosulfate solution was calibrateyl tiirating it against a potassium iodate certifdndard solution of
0.0100N (WAKO). AOU was computed with oxygen corication at saturation estimated following the aition proposed

by Garcia and Gordon (1992pnsidering Benson and Krause values.

TA, DIC and pcoz®

Samples for total alkalinity (TA) and dissolved iganic carbon (DIC) were collected from Niskin lextin one 500 mL
glass flask (Schott Duran) and poisoned directigratollection with HgGl (final concentration 20 mg}). Samples were
stored at 4°C during transport and analyzed 5 nsoafter the end of the cruise at the SNAPO@8ervice National
d’Analyse des parameétres Océaniques dg-COCEAN — Paris). TA and DIC were measured onghme sample based on
one potentiometric titration in a closed-cell (Edrdp1970). A non-linear curve fitting approach weed to estimate TA
and DIC (Dickson 1981, DOE 1994). Measurements veatibrated with reference materials (CRM) for ageaCQ m
easurements purchased by the SNAPQ-@drom Prof. A. Dickson (Oceanic Carbon Dioxide Quality CohttdSA). The
reproducibility expressed as the standard deviatiothe CRM analysis was 4.6 umolkdor TA and 4.7 umol kg for
DIC. Moreover, the standard deviation on the anslgé 12 replicates collected at the same depthniR%t station LD C
was 3.6 umol kg for TA and 3.7 pmol kgfor DIC. The Estimation of g»°° was made with the SEACARB R package
[Gattuso and Lavigne, 2009]. The dissociation camist Kk and K (for carbonates in seawater) from Lueker et 200(®

were used. When available, phosphate and silicateentrations were used in the calculation.

-Nutrient, dissolved and particulate C, N, P pools

Total C, N, P (TC,TN,TP) in seawater samples magdparated in three pools: the dissolved inorg@ni, P pools (DIC,
DIN, DIP), the dissolved organic C, N, P pools (DN, DOP) and the particulate organic C, N, PlpgBOC, PON,
POP). No significant particulate inorganic pools generally considered in open ocean waters.

Two samples for dissolved inorganic nutrient poonkasurements were collected from Niskin bottlea0mmL Polyethylene
bottles and one sample was directly analyzed on-boardtla@dther poisoned with 50ul HgQR0 g.LY) and stored for
analysis after the cruise in the laboratory. DININO3s] + [NO2] + [NH4*], sum of nitrate, nitrite and ammonium,
respectively. Because [NQ and [NH;*] were negligible compared to [NQ) DIN = [NOz]. DIP = [HPQ?] + [PO2] =
orthophosphates also symbolized ass.PDitrate, nitrite and orthophosphates concentnatiavere determined on a
segmented flow analyzer (AAIll HR SEAL ANALYTICAL#according to Aminot and Kérouel (200%ith a QL of 0.05
pumol LY. Ammonium was measured by fluorometry (Holmeslgtl®99; Taylor et al., 2007) on a fluorimeter ctagP-
2020 with a QL of 0.01 pumolL

The dissolved organic pools, DON and DOP, were measusing high-temperature (120 °C) persulfate-axidation
mineralization (Pujo-Pay and Raimbault, 1994). Sampvere collected from Niskin bottles in 100 mbLrdnusted glass
bottles and immediately filtered through 2 pre-caostbd (24h, 450 °C) glass fiber filters (WhatmankR5mm). Filtered
samples were then collected in Teflon vials adpisé# 20 mL for wet oxidation. Nitrate and phosph&bemed,
corresponding to total dissolved pool (TDN and TDRgre then determined as previously described Her dissolved
inorganic pools. DON and DOP were obtainedilbydifference between TDN and DIN, and TDP and DIRpeetively.
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The precision and accuracy of the estimates desdeasth increasing depth, as inorganic concentngtibecame the
dominant component in the total dissolved nutrigmals. The limits of quantification were 0.5 an@®umol L* for DON
and DOP, respectively. The same pre-filtration waed for dissolved organic carbon (DOC) measuresndrittered
samples were collected into glass pre-combustedalep that were sealed immediately after samples weidified with
orthophosphoric acid @PQy) and analyzed by high temperature catalytic oietafHTCO) (Sugimura and Suzuki, 1988;
Cauwet, 1994, 1999) on a Shimadzu TOC-L analyzgpichl analytical precision is + 0.1-0.5 (SD). Cemsus reference
materials (http://www.rsmas.miami.edu/groups/biadeonm/CRM.html)xas werenjected every 12 to 17 samples to insure
stable operating conditions.

The particulate pools (PON, POP) were determinéaguhe same wet oxidation method (Pujo-Pay andnBault; 1994).
1.2-L samples were collected from Niskin bottlepoiycarbonate bottles and directly filtered ontpra-combusted (450
°C, 4 h) glass fiber filter (Whatman 47 mm GF/Fjtdfs were themtroduced placein teflon vials with 20 mL of ultrapure
water (Milli-Q grade) and 2.5 mL of wet oxidatioeagent for mineralization. Nitrate and orthophospharoduced were
analyzed as describeskforepreviously QLs are 0.02 pmol ‘Lt and 0.001 pmol £ for PON and POP, respectively.

Particulate organic carbon (POC) was measured as®igN analyzer and the improved analysis propbgesharp (1974).

Primary production rates and DIP turnover times

Vertical profiles of DIC uptake (Mc) and phosphate turnover timep(d) have-beenwermeasured once at each station
using a dual-labeling method'C and®*P) considering &P period T,2= 25.55 + 0.05 days (Duhamel et al., 2006). Each
sample (15@mL polycarbonate bottle) was inoculated with 10 po€i*“C-Carbon (Sodium bicarbonate, Perkin Elmer
NEC086H005MC) and 4 uCi ofP-Phosphate (#Q, in dilute hydrochloric acid, Perkin Elmer NEZ08A0AC). The
bottles were then placed in blue-screen-on-deckhbators representing 75, 54, 36, 19, 10, 2.7,3a6d 0.1 % incident

PAR (https://outpace.mio.univ-amu.fr/spip.php?articlel3md maintained at constant temperature using rdintmus

circulation of surface seawater. The same protees used for duplicate 150 mL sampletere 150 pL HgGI(20 g L)
had been added as a control for non-biologicalkgptafter 3 to 24 h (the optimal incubation timesadetermined from a
prior time-series experiment), incubations wer@géal by the addition of 150 pL of non-radioactive,R0O, (10 mmol L)
and dark conditions. Filtrations of 50 mL triplieasubsamples were carried out on 25 mm polycarbdiitgrs (0.2 pm),
placed on DIP-saturated support GF/F filters, usingw-vacuum pressure < 0.2 bars. Filters werenasthed with filtered
seawater at the end of the filtration, but pressume briefly increased to 0.6 bars, to remove nelhiar %3P radioactivity
from the filter. Filters were then placed in lowtassium 6 mL glass scintillation vials (Wheaton)hws00 uL of 0.5 M HCI
for 12 hours in order to drive off any unincorpe@t‘C. Then, 6 mL of scintillation liquid (Ultima golsV, Packard) was
added and the radioactivity of the filters measwsithg a scintillation counter Packard Tri-Carb®Q@IR on-board (first
count). Initial radioactivity was also measured ®rneplicates for each profile. Samples were thenesdt until the second
count in the laboratory afté#P emission became not measurable (12 months). ptéke and DIP turnover time were then
deduced from the following equations (details innfistad et al., 1993; Moutin et al., 2002)sT= -Ti/(In(1-(dpn¥3P-
dpmsasp/dpmsszp), where Bie is DIP turnover time (in days), Ti is the inculoatitime, dpréP is the dpm attributable to the
33p activity, dprassp is the dpm attributable to the blank and dgsis the initial (total) activity of3P. Vpic= [(dpm‘“C-
dpmbiad/dpmuad * [DIC] / Ti where: Vpc is the C uptake rate (nmotilh?), dpni“C is the dpm attributable to tRéC
activity of the filtered sample, dpmc is the dpm attributable to the blank, dpis the initial (total) activity of*C added
to the sample, [DIC] is the dissolved inorganichoar concentration of the sample, and Ti is the iation time. The daily
surface photosynthetic available radiation (SPA&Rpdvere used to estimate the daily primary pradodPP) values from

the PP rates obtained with short time incubatiomiiions using a conversion model (Moutin et al99)9

N fixation rates
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N, fixation rateswvere measured using theN, tracer method (Montoya et al., 199@dapted and precisely described in
Bonnet et al. (this issuefs for PP measurementsRapidseawater wasapidly collected in triplicates from the Niskin
bottles in 2.3 L polycarbonates bottles at 6 deftas%, 54 %, 19 %, 10 %, 1 %, and 0.1 % surfawaliance levels)ike
for-PP-measurement2.5 mL of'N, gas (99 atom%°N, Eurisotop) were injected in each bottle throtigh septum cap

using a gas-tight syringe. All bottles were shakéntimes to facilitate thé&°N, dissolution and incubated for 24 h from

sunrise to sunrise. To avoid any possible rate niestienation due to equilibration of theN, gas with surrounding seawater,
final ™N enrichment in the Npool was quantified for each profile in triplicatat 5 m and at the deep chl a maximum
(DCM). After incubation, 12 mL of each 4.5L bottleere subsampled in Exetainers, fixed with Hg&hd stored upside
down at 4°C in the dark and analyzed onshore wighinonths after the cruisaccording to Kana et al. (1994)sing &
Membrane Inlet Mass Spectrometer. Incubation waspstd by gentle filtration of the samples onto guerbusted (450 °C,

4 h) Whatman GF/F filters (25 mm diameter, 0.7 pomimal porosity). Filters were stored in pre-contbdgglass tubes at -
20 °C during the cruise, then dried at 60 °C foth2defore analysis onshore by EA-IRMS on an Int2dfercon Ltd). The
detection limit associated with the measurement @4t nmol L d'. The accuracy of the EA-IRMS system was
systematically controlled using International Atantinergy Agency (IAEA) reference materials, AIEAINand IAEA-
310A. In addition, the naturaf®N of particulate organic N needed fop fikation rate calculations was measured on each

profile at two depths (surface and DCM).

3 Results
3.1 General annual trendsof ML D, SST and SSchl afor the 3 selected areas

MLD against month in the climatology (Fig. 2a, 24) varied annually from around 70 m depth in Jying the austral
winter to between 20-40 m during the austral sumioethe 3 areas. The OUTPACE cruise from 18 Felt8 Apr.2015
(red lines) sampled during the stratified periodreleterized byninimal minimumMLD and maximal maximunSST (Fig.
2b, 2e, 2h). SST varied from 24.2 £ 0.2 to 28.83 T, 23.8 £ 0.5 t0 28.3 + 0.7 °C, 25.9 + 0.4 @@+ 0.4 °C between
July 2014 and July 2015 for WMA, EMA and WGY, respreely. Mean March 2015, SST of 28.8 £ 0.3 °C,28.0.7 °C
and 29.1 £+ 0.4 °C are close to the mean consee/atmperature measurements measured in the MLDhgldhe
OUTPACE cruise of 28.9 £ 0.3 °C, 29.3 + 0.3 °C &%&5 £ 0.4 °C for WMA, EMA and WGY, respectivelyhd mean
conservativetemperature measurements at 70 m depth were 26.3 ¥, 24.8 + 0.9 °C, 26.1 + 0.9 °C for WMA, EMA
and WGY, respectively (Fig. 3a). These values armaparable with the SST measured during the deepgemmixing in
July 2014 of 24.9 £ 0.2, 24.2 + 0.7 and 26.5 + fo”RWMA, EMA and WGY, respectively (Table 5). Ouygothesis to
consider limited exchanges allowing propertieséabnservative at 70 m depth seems reasonablerfyrerature. Expected
seasonal upper surface temperature variationslatdduirom the differences between temperaturbeastirface and at 70 m
depth of 3.6 + 0.6, 4.5 £ 1.2 and 3.4 + 1.3 °C\WéMA, EMA and WGY, respectively, agreed relativelyelvwith SST
variationsobservecbetween July 2014 and March 2015 of 3.9 £+ 0.5#124 and 2.6 = 0.6 °@bservedFig. 2b, 2e, 2h).
Following a similar reasoning, we established atretly good comparison between chl a measured ah depth during
OUTPACE of 0.217 + 0.092, 0.091 + 0.012 and 0.04&G10 mg ¥ for WMA, EMA and WGY, respectively (Fig. 3f),
and SSchl a obtained during the deeper mixing b¥®+ 0.005, 0.121 + 0.023 and 0.042 + 0.002 myfon WMA, EMA
and WGY, respectively (Fig. 2c, 2f, 2i). SSchl dlagted well the expected oligotrophic gradient hwhigher values
obtained at WMA, lower values at WGY and intermégligalues at EMA. The increase of SSchl a obseirvddly seemso
berelated to the deep mixing during winter. The cangon between measurements at 70 m depth ane inpier mixed
layer during OUTPACE may be used as a first apgrogc characterize surface seasonal changes of qathyand

biogeochemical properties of upper surface watsstion 4.3).
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3.2 General hydrological and biogeochemical conditions allowing for characterization of oligotrophic states of the
different upper water masses sampled during OUTPACE

The general hydrological and biogeochemical coodgi during OUTPACE provide the means to characetle
oligotrophic states of the different water massemed (Table 1). The shallow austral summer MLDeghbetween 11
and 34 m with a mean of 16.7 m (SD = 6.4 m). The l@riation is in agreement with the relatively 8an weather
conditions and SST along the zonal transect neaG2®outin et al., 2017). The euphotic zone dpAD) and the DCM
depth (DCMD) deepen from west to east, from arotban tolargely considerabldeeper than 100 m, indicating the higher

oligotrophy of the SP gyre water compared to the Miater with shallower nitracline depthhe DCM concentration

decreases from west to edstt only slightly, from a maximum of 0.40 to a mmium of 0.25 mg m. A better indicator of
oligotrophic conditions is the depth of the nitiael (Dvos) which varied between 46 and 141 m, typical ofjaiiophic to
ultraoligotrophic areas of the world ocean (Mowinal., 2012, their Fig. 9). A relative homogenaifythe slopes (&3 =
47.0 + 11.5 umol M) was observed (Table 1). Phosphaclines and riitexcidid not match, as shown by the loweoD
observed everywhere. No phosphaclines linked wjheu water biological processes were determinethénSP gyre
because phosphate concentrations above the QL measured up to the surfaceo$ when measurable, was 2.8 + 1.0
pumol m* (Table 1).

The same characteristics are presented for the&s aonsidered (WMA, EMA and WGY) in Table 2 byithmeans and
SD. The DCMD (about 10-20 m below the EZD in akas) increased from 78 £ 10 m in the WMA to 13444 in the
WGY, with an intermediate value of 104 + 15 m in EMDnosfollows the same pattern, with values of 76 + 10160 + 18
m, and 116 £ 18 m, respectively, showing a clekatimmship between DCMD andngs (Table 2).

The 3 areas considered are characterized by sitnéads of conservative temperature, absolute igaland potential
density vs depth between 0-200 m (Fig. 3a, 3b,i3)an homogeneity in the mixed layer followed by a diashange at
the basis basef the mixed layer and a break in slopes arounth7depth. Temperature increased from the deeper taye
the surface where higher temperature charactetizecaustral summer heating, while lower salinitypab 70 m depth
indicate significant fresh water input frorainfallprecipitation The deepening of the DCMD from WMA (dark greea) t
WGY (blue) with an intermediate value for EMA (light greedemonstrates the westward-eastward gradient ofased
oligotrophy (Fig. 3f), reflected as well as by @sponding Ros (Dnos= Doin, See section 2.2) at similar depths (Fig. 5b). 0-
70 m integrated chl a decreasedyely considerablfrom west to east along the transect, from 7.2142g m? for WMA to
2.0 £ 0.6 mg nifor WGY, with an intermediate value of 4.6 + 0.7 mg for EMA (Table 2). When integrated over the top
200 m, no difference between chl a stocks werecealile with a mean value for the whole datase®df + 2.4 mg .

AOU showed similar patterns in all areasth a slight decrease from the surface to a mimmbetween 50-70 mand an
increase below 70 m (Fig. 3e). The values closeeto for the first depths indicated saturation dight super-saturation
following classical rapid exchanges with atmospheriygen. The AOU values below, and up to, 70 rhadth WMA and
EMA, and to 100 m depth at WGY, indicated oversation. Between 70 and 200 m, almost linear relatigrs between

AOU and depth were observed for all areas.

3.3C, N, Ppools

The dissolved inorganic (upper), dissolved orgdmadle) and particulate organic (below) C, N anflé® to right) pools
are represented in Fig. 5. For N and P graphs,ddidh ratio (RR) of 16:1 was systematically apglieetween N and P
axes, allowing for a more direct comparison. DIGuimol kg! (Fig. 4a), nDIC (normalized DIC) in pmol ®dFig. 4c) and
in umol Lt (Fig. 5a) showed linear increasing trends withtdep all areas between 70 and 200 m. The spediii@tions
of nDIC close to the surface will be discussedrlai®tal alkalinity increased rapidly with depthtiveen 0 and 70 m and
was more or less constant belewti-down to 200 m (Fig. 4b). Normalized total alkalinity indted no change in

concentration with depth (Fig. 4d), showing thaaktalkalinity variations were related to fresh emainput. Surface ¢»2°°

1C
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was everywhere clos® or below the average atmospherigof 383 patm (Table 5). Nitrate (DIN) was under the QL
everywhere in the upper surfageti-down to70 m (Fig. 5b). Then the increase with depth (oling) was almost the same
in each area (similar slopesygg but did not begin at the same depthd¢g). aswaspreviously described. Phosphate (DIP)
concentrations werergehy considerablhigher than nitrate concentrations (considering B¥rywhere except close to the
surface at WMA and EMAwhere they reached QL. High DIP concentratiaround 0.2 pmol £ in the upper 70 m were
observed at WGY (Fig. 5¢). The depletion in DIP vagher in EMA than in WMA (Fig. 5¢). DOC, DON aridOP
concentrations were higher close to the surfaag @€, 5e, 5f) and decreased almost linearly wihtldunti-down 10200

m with only slight differences between the diffarareas, particularly for the deeper depth measemsrwhere ~50, 4, and
0.07 umol L* of DOC, DON and DOP were measured, respectiveig. doncentration increasesatthe surface compared
to the values at 200 m depth corresponded roughdydund 25, 1.5, and 0.1 pmot &f DOC, DON and DOP, respectively
(in similar proportions to the RR for N and P, lmure than 2-fold higher for C). The particulateamig C, N, and P pools
showed similar patterns with depth between 70 &th2-butm butdiverged in the upper layer between the diffesrerais
(Fig. 5g, 5h, 5i). No tdittle-few changes were observed at WGY while significantéases in concentration close to the
surface were observed both in WMA and EMA. Thedases in surface water concentrations compardttealue at 200
m depth corresponded roughly to changes arouncdb&r@ 0.03 umol £ of POC, PON and POP, respectively (in reldtive
similar proportions to the RR for C, N and P).

The 0-70 m depth inventories are presented in Tablaterestingly, there werealhy-verysimilar C stocks in the 3 areas,
both for the dissolved inorganic and dissolved pig@ools. The particulate organic C pool asmes-loweitwice lower

in WGY than in the MA. Very similar observatiomse- wereobtained for all N pools. Nevertheless, DIN stoeksre

negligible in all areas. DIP stocks were differamrid higher in the gyre. The other P pools follber same pattern as C and

N pools, i.e. almost identical in the 3 areas comiog the dissolved organic pool adimestwice lower in the gyre for the

particulate pool.

3.4 C, N, P fluxes

Some major fluxes, PP and; Kixation rates together with DIP turnover times, are shown FigA8 rates arelargely
considerablyhigher for WMA and EMA than for WGY, where valuesdicated only slight differences with depth.
Conversely, higher PP (Fig. 6a) and fixation (Fig. 6b) rates were measured close s gtirfaceand rapidly decreased
with depth reaching negligible values below 50 mdl &eyond for WMA and EMA. gie values of around 100 days for
WGY contrast with lower values for WMA and EMA uppeaters close to or even below 2 days (Fig. 6c¢).

Particulate mattemass fluxand swimmes contentsmass-fluxexollected with sediment traps are presented ineTalwith

C, N, and P partitioningtarge- Wide variability exists- occursbetween measurements as shown by the minimum and
maximum values obtained. Nevertheless, a meancpkatie matter mass flux of 48 mg,dthree times higher in the MA
compared to WGY, was obtained, in good agreemetht the higher PPates and biomass in the MA compared to the gyre.
Swimmer smass-fluxecontestwere also highly variable and represent, as anp@a@ (min: 0.7, max: 26.0) times more
mass (dry weight) per day than the settling pasich the MA, and 4.4 (min: 1.4, max: 7.1) times W6GY. The mean
proportion of C, N, and P in the settling organiatter of 106/12.7/1.2 for MA and 106/16.6/0.5 foGW are in relatively
good agreement with the theoretical 106/16/1 RReNloati-this is also the case for C, N, and P proportions inswers
both for MA (106/15.8/0.7) and WGY (106/19.9/0.pgrticularly when P measured in the supernatant adated to the
swimmes (see * in Table 4). Otherwise, very low and impble P contents were found in the swimm(gee the previous

column in Table 4)
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4 Discussion
4.1 A significant biological carbon pump in the WTSP fuelled by Nz fixation

We use the surface-g°° expected seasonal changes between austral wirdesuemmer in order to draw a first picture of
the role of the biological pump in the WTSP. Suefgeo"° is determined by temperature and salinity changed, by
processes affecting the DIC and alkalinity conaaidns, which includes gas exchange, the biologicathp, lateral and
vertical advection, and mixing (Sarmiento and Gr{il2906). We will consider that the horizontal splascale is large
enough to avoid considering lateral advection. Nuraé horizontal particle experiments integratingveral months of
satellite data using Ariane (Rousselet et al., ibgsie) together with the relative homogeneity of SST gltime 4000 km
water transect (Moutin et al., 201 frovides support for this first assumption. Furthere, we will consider that the

influence of salinity changes on the “soft tisspainp is negligibleas generally considered (Sarmiento and Griibei6)200

Upper surface temperature variations between thid 20stral winter and the 2015 austral summer geviere estimated to
be 3.6 +0.6,4.5+1.2 and 3.4 £ 1.3 °C for WMAJE and WGY, respectively. Estimated wintetgg® were 372, 355 and
364 patm (Table 5). Followingpe Takahashi (1993) calculatiddpcoCthermal= pco®® » 0.0423+ AT), considering a closed
system with constant DIC and Alk, we estimate améase in go°° of +57, +68 and +52 patm following summer warming
for WMA, EMA and WGY, respectively. The seasonalrming should result in an ~60 patm increase @b%-, which is
not observed for any group of statigriadeed the differences inq¢»°° wereef-366 — 372 = -6, 376 — 355 = +21 and 390 —
364 = +26 patm between winter and summer for WMMAEand WGY, respectively (Table 5). The differencgsre
obtained from normalized DIC and Alk measured dyrthe OUTPACE cruise in the MLDand estimated from the
expected normalized winter DIC and Alk. The loweart expected q»°° changes suggest that the seasonal variations of
pco® due to SST changes are counterbalanced by a s¢asduoction due to DIC and/or Alk changes. We estimate this
term by removing go2 changes due to thermal variation from the obsEma{Apco ibic,ak = APco iobserved- APcoXCitherma)
resulting in -63, -47 and -26 patm for WMA, EMA aWdGY, respectively. The negative signs imply a éase in DIC or
an increase in Alk between winter and summer. Wiwmalized, we do not observe any difference in with depth (Fig.
4d), suggesting that seasonal salinity changesalisgeprecipitationhigh rainfall may explain the small change in Alk
observed (Fig. 4b). Therefore, the carbonate puogs thot seem to play a significant role in the WT&R consequently,
we expect a major role of the “soft tissue” pumpl @hus DIC variations. Considering a Revelle fagige of 9.5, we
calculate DIC changes of -35.8, -28.0 and -15.0 Ikgd (ADIC = DIC/pco®%bic + ApcoCpic,ak) Necessary to explain the
changes in gp2°° observed. Welid indeedobservendeada decrease in nDIC concentration of 32.9, 25.714&nd8 umol kg
(Table 5) for WMA, EMA and WGY, respectively (37.80.0 and 18.7 umol, Table 7, Fig. 5a) between the estimated
winter concentration and the mean value measurgdgithe OUTPACE cruiséhat may explain the negative sign, and the
order of magnitude of the DIC changes. This rdsatted on estimated winter values is reinforcechbydct that winter DIC
from NDP-094 climatology of 2006.4 + 0.7, 2000.86 and 2004.7 + 9.9 umol &garereally close to our estimates for
winter conditions, 2007.5 + 3.0; 2009.6 = 9.6 a®29 + 3.7 umol kg, for WMA, EMA and WGY, respectively (Table
5). TA also showed good agreement, 2335.4 + 0.2353+ 1.7 and 2343.4 + 8.6 pumol-kijom NDP-094 climatology, and
2332.4 £ 5.0, 2344.1 = 6.5 and 2350.8 + 2.7 umol Wigh our estimates for winter conditions. The diffieces between
climatological po°and our estimates for winter conditions argher wider(Table 5) and can be related to differences in
temperature (SST from NDP-094 climatology, SST fidi@DIS Aqua, T from our estimates). IE@°° are calculated from
DIC and Alk (NDP-094 climatology) with SST from MO® Aqua (361, 344 and 371 patm) or our estimateghézatures
(366, 353 and 368 patm), the valuesrargly-close to our estimated winter upper surfagg’p(372, 355 and 364 patm for
WMA, EMA and WGY, respectively) (Table 5). Uppenface estimated DIC seasonal changes may explayncatinter
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intuitive low seasonal @°° changes were obtained despite significant inceedasetemperature. What-therefore
controkting the decrease in nDIC? Is it gas exchange at theeaiinterface, mixing, and/or the biological p@mp

Gas exchange may be excluded because surface pwat¥rrangedirom 355-390 patm while thecpA™is 383 patmwith
almost no seasonal variations (Table 5). Therefargface waters are close to saturation at WGYnderrsaturated in the

MA all year roundand will uptake C@from the atmosphere, and as a result DIC showd thcrease, whicks-wasnot

observed. Thus, our observations are more biolbgicarigin, but we-havethere ian inconsistency. The significant
decrease in nDIC (Fig. 5a and Table 7), indicatingjgnificant biological soft tissue pump, coinadeith no significant
changes in nitrate concentration, which wede03 pumol Ltin all areas (Fig. 5b, Table, ihdicating no or almost no nitrate
input by deep winter mixing. Considering the lowragen input by upward nitrate turbulent diffusiee later), we have to
consider another nitrogen source; fikation (Fig. 6b), which is really high in the pgr water of the WTSP, recently
identified as a haspot for N fixation (Bonnet et al., 2017).

The estimated seasonal nDIBID(C) variations for the MA waters of 32.9 and 2uvol kg for WMA and EMA,
respectively, can be compared to those measuredeanic gyre time-series sites. They are highar thaADIC~15 pumol
kg!observed at the HOT station in the North Pacifibtmapical gyre near Hawaii (Dore et al., 2008hd close to the
ADIC~30 pumol kgt observed at BATS in the subtropical North Atlamfice near Bermuda (Bates et al., 2012), wiAddC

is at least partially attributable to nitrate frémelow (Sarmiento and Griber, 2006). Interestintlg, estimated amplitude of
surface DIC seasonal change for the MA is dhlymeswice lower than the around 50 pmol-kBIC decrease measured
between March and April in theerthern NorthAtlantic (Merlivat et al., 2009), in an area knowm experience a large
bloom of phytoplankton. The biological “soft tis§usarbon pump, fuékd almost exclusively by Nixation (see section

4.2), therefore plays a significant role in the WPTS

4.2 A net sink of atmospheric CO2 mainhy-driven-byzooplankton-migration-inthe MA

Quantification of the major biogeochemical fluxes a daily basis allowsrthe-establishment-of somecerteonclusions
to be drawnconcerning the upper biogeochemical cycles of Camdl P (Table 6). C-budgets of the 0-70 m uppgerla
showed that the MA area appears as a net sinkrafsgtheric C@ with a mean a#mospheric carbon input in the oceain
1250 pumol it d* was-the-majorfluin the WMA. Sediment trap POC export was one order of ntagei higher than POC
or DOC export by turbulent diffusion, which repreta only 7-12 % of the total organic export. Witheonsidering any

additional flux, the budget resulted in a surpisindaily net accumulation of carbon @89 prmol n? d* for WMA, and
a quasi-equilibrium for EMA and WGY. Note that thecumulation at WMA resulting in an increase ofycs#gveral nmol L
L d?, islargely considerablbelow what we are able to measure at the preseat ind longer time scalare thus needed to

observe and study the changes (section £8p-we-need-to-explain-the-estimated-net-seasmeabases—of DIC-in-the

Averaged integrated PP (IPP) rates were 33.3 +, PAY + 16.2 and 6.5 + 2.4 mmol%na'-, and export by settling and
turbulent diffusion (Table 6, in pmol tnd?) represented only 1.2, 1.2 or 0.3 mmof ait, for WMA, EMA and WGY,
respectively. The organic matter exported daily parad to IPP represented 3.6, 4.5 and 4.6 %, ridgplgc in good

agreement with previous measurements in oligotmphtas (Moutin and Raimbault, 2002, Karl et a&12), with a high

proportion relative to particles settling, 3.3, 4rid 4.1 %, rather than turbulent diffusi@wimmes contents are really high

in_the sediment trapsargelyconsiderablyabove fluxes by settling material (Table 4, lastumn) and diel vertical

migrations of mesozooplankton-micronektaiready observed in the MA (Smeti et al., 20¥8)owed by respirationrat

depth half of the day time might play a significaate in the transfer of carbon from the upper atefto deeper layers.
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Except for the WMA area, there were no DIN gradiemtound 70 m depth and therefore no nitrate ifout below by

turbulent diffusion (Table 6). Nitrogen input by fixation was by far the largest input of new nifem (at least 83%and
reachedvaluesamong theargest highest-valuemeasuredeverywhere anywherin the open ocean (Bonnet et al., 2017;
Caffin et al., this issue, Knapp et al., this i9gsuenet daily accumulation of nitrogen is estinthfer MA and equilibrium
for WGY. Zooplankton diel migrations may also pkygignificant role in daily N budgets through defiéan, excretion or
mortality in-at depth (Caffin et al., this issue; Valdes et alis ibsue). Averaged integrated Rixation rates were 0.64 +
0.21, 0.45 + 0.27 and 0.04 + 0.04 mmof ai* for WMA, EMA and WGY, respectively. Thezally-veryhigh N fixation
rates in the MA, compared to other areas in thddv@onnet et al., 2017), may provide thew nitrogen required fonew
primarny-productionPPcreating the necessary decrease-#°pto stimulate C@invasion.

The daily P-budgets of the 0-70 m upper layer sliblesses greater than inputs, in complepgesition—withcontrast to
daily C and N budgets showing accumulation in thelAV(Table 6). Thismain-observation indicates why this element,
compared to carbon and nitrogen, may rapidly becanlieniting factor for biological production and esgfically of the
input of nitrogen by M fixation in the MA (Moutin et al., 2008). Neverirss, the mean particulate P export seemed
relatively high (Table 6) and should be considerétth caution considering the huge range of variation, from 10.68.9

pumol m? d?, for only 8 measurements in the MA.

4.3 Estimated seasonal trends of the major biogeochemical stocks and fluxes

As alreadywrittenstated the dashed lines ial-Figs. 3, 4 and 5 indicate the upper surface exgeatues for all variables
during the 2014 austral winter, and alléwv-evaluation of the temporal variation toward the 2@ustral summer season
(full lines) in each area corresponding to the OBTE dataset. Thetrerghypothesis allowing this first-order estimation of
seasonal variation was presented in section 2litlatad for SST and chl a variations in section &rid shown to give good

agreement with upper surface DIC expected seasbaalges (section 4.2).
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Conservative temperature (Fig. 3a) increased evesysy but more for WMA and EMA than for WGY, whisbsolute
salinity decreased everywhere. Potential densityegawere similar in each area at 70 m depth. &mmilean depths of
convection were estimated for the three areas ¢ih8 m at LD A and max of 73 m at LD C), and jfiet the mean value
of 70 m taken into account for the whole OUTPACEaarThe rapid exchanges of oxygen between oceaatamabsphere
pre-empted significant seasonal changes in theruppéace (Fig. 3d, 3e). The vertical homogenedisacconcentration
expected in winter (Fig. 3f) was shown to be in diagreement with climatological SSchl a (sectioh).3Part of the
relatively high chl_a concentration estimated iy J2014, specifically in WMA, islikelysprobablylinked to enhanced
vertical winter mixing from the DCM.

The seasonal C, N, and P pool changes may be fadlamwconcentration in Fig. 5 but are easier toulis as 0-70 m water
column inventories (Table 8). As previously indetDIC decreased in all areas but more in the thast in the east (Fig.
5a), following the already described oligotrophiadjent clearly shown both in biomass (Fig. 3f) amdP (Fig. 6a). The
DIC decrease was partially compensated by the aserén organic concentrations, with the increasehef dissolved
concentrations (Fig. 5d) being larger thémse ofthe particulates (Fig. 5g). No increase in the ipaldte carbon
concentration was found for WGY. The decrease of(flgpresenting the sum of all pools) between wiated summer
indicated that 68.1, 61.9 and 68.3 %\JIC were lost from the upper layer, i.e only 3138,1 and 31.7 % accumulated in
the organic C pools for WMA, EMA and WGY, respeetiv (Table 8). Therefore, organic matter accumatatnay partly
explain whythe large input of atmospheric carbon did not resulDi€ accumulation in the MA waters. It may partly
explain why the total carbon pool decreased so nsaasonally. Following the RR, DIN decreases of, 288 and 109
mmol m? might be expected from the DIC decreasedeed—theThdIN decreases wer@deedaround 0-2 mmol M,
which is in concordance with very poor DIN replémsent of the upper water column. Conversely, inrmesaof the PON
stocksen-ofthe same order of magnitude as the RR predicts R@@ stocks for WMA and EMA were observed (12.0 and
7.3, compared to RR = 6.6), with a small PON deszdar WGY. The largest increases for the organigipwere for the
dissolved phase in all areas (Table 8). DOC accatioml was 3.8 and 8.1 times higher than POC acatioal for WMA
and EMA, respectively. Only DOC accumulated at W®Wt with a changéxoe-timeswice lower in magnitude than in the
MA waters (Table 8). A relative stronger dissohagjanic carbon production compared to particulatelpction may be
reachedbbservedn oligotrophic areas, depending largely on lightl amutrient availabilities (Carlson, 2002). In affgophic
areas, characterized by low export of particulatganic matter, relatively large dissolved organiatter production, and
heterotrophic bacteria often limited by nutriert&il Wambeke et al., 2002), DOC may accumulate (&bdfontégut and
Avril, 1993; Marafion et al., 2005, Pujo-Pay et aD11), which is indeed observed (Fig. 5d). Dissdlwrganic carbon
accumulation reached 391, 445 and 220 mmdlaver 8 months (Table 8hich dispersed over 70 m gives a mean 8-
month accumulation of 7.0, 7.1 and 3.0 umaIfar the 0-70 m water column. These values, whiledr, are of the same
order of magnitude of DOC concentration changemesl in the upper mixed layers of 10.1, 9.3 arfdgnol L* for
WMA, EMA and WGY, respectively (Fig. 5d, Table Thterestingly, the western SP was recently showa &scalized
refractory dissolved organic carbon sink (Hansedl €arlson, 2013).

No significant DIN inventory changes were obserwelile large- strongincreases in the DON stocks and similar but
relatively lower increases were observed for théNFEibcks for WMA and EMA (Table 8, Fig. 5e, 5h).€TiN evolution
was a net increase of inventories between wintdrsammer, of 49 and 34 mmolafor WMA and EMA, respectively. No
significant changes of the N pools were observay@ty (Table 8, Fig. 5b, 5e, 5h). A decrease of Biétks was observed
in the MA waters between the winter and summerh wit significant change for WGY (Table 8). Follogithe RR, DIP
decreases of 14.7, 12.3 and 6.8 mmdl might be expected from the DIC decreasedeed-the DIP decreases were
indeedless, 5.9 and 3.1 mmol-ffor WMA and EMA, and no decreaseas observed at WGY. The DIC decreases are
probably only partially related to the DIP decreagethe MA. As for C and N, thirgest highesorganic P inventory
increases were for the dissolved phase (Fig. 95/eT8). Nevertheless, the changes were close t&fhealculated for the
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mean concentrations and should be considered vdthion. As an example, the 1.8 mmol?nincrease in DOP
concentrations for EMA (Table 8) corresponds todtference between 11.6 + 1.1 mmoPrduring winter and 9.8 + 2.0
mmol m? during summer. Note that the SD reported is thgimam SD calculated at each season (Table 8). Swnalb
decreases in the organic P pools were observed/@Y. Finally, it is clear that seasonal C lossesen®t compensated by
organic carbon accumulation in the 0-70 m layerer&fore, organic carbon production, which represéntfar the largest
flux in each area, should be linked with an efiitiexport from the upper layer, not directly rethte RR.

We shallnow try to connect the seasonal variations of Camdl P stocks with the estimated C, N, and P flikesder to
drawdeterminefirst-order budgets and characterize the mainseddrends in the WTSP. Our very simple model wars
an instantaneous winter mixing followed by 8 montP40 days) of C, N, and P fluxes at the same radethe mean rates
measured during the OUTPACE cruise. All fluxes esgsed in mmol rhiand corresponding to the 8-month period defined
(July 2014-March 2015) armemthesized summarizén Fig. 7. Accumulation rates are presented indigeboxes and input
and output fluxes outside the boxesth arrows for direction (+ for input, - for outf). The X value corresponds to the flux
necessary to reach equilibrium in each box. Thenrgaestion istil-how can we explain the large DIC losses in all garea
whereas weyet obtaineca significant DIC input by winter convection andbtulent diffusion, low export of organic matter

by settling or turbulent diffusioduring the summer perip@nd a po2* lower than or equal to the.g™™ meaning a DIC

enrichment by atmospheric exchanges, and furthermosignificant input of DIN from below in the @-tn upper layer?
The source of new N required to sustain new Plearly N fixation (Fig. 7b, 7e, 7h). Converted in C usihg RR of 6.6,
new production may represent 12.8, 11.3 and 4.2 %P of 7.94, 6.34 and 1.56 mol“nfior the 8-month period in the
WMA, EMA and WGY, respectivelyA-+New production< 5% is typical of strong oligotrophic conditions ¢Mtin and
Raimbault, 2002)while above 5% is related to more productive amrareas with high Nfixation rates (Karl et al., 2012).
Taking into account the fact that the previous galare for 8 months only, we can estimate annwalyationsratesof 145,
116 and 28 gC ray! for WMA, EMA and WGY, respectively, close to theesage rate of 170 gC-fry*reported for the
ALOHA station in the North Pacific central gyre ({at al., 1996) and to the 86-232 gC ‘fny’* range reported for the
Mediterranean Sea at the DYFAMED site (Marty anda@érini, 2002), known as oligotrophic areas.

Having found the source of new N, in order to anstive question regarding DIC lossesyeral-a-firshypothegis may be

to-consideed. A first hypothesis is aapisodicor seasonahigh export of matterargelyconsiderablhdifferent fromthe

enethatmeasured during the end of the summer season (AOEPcruise)—in-complete—contradiction—with—ourtial
postulate We cannotompletelydiscard this hypothesis specifically because ne@wa data are available at the present

time, and also because episodic yet large export flbeee already been reported in other oligotrophéas(Bottjer et al.,

2017). Nevertheless, the relative constant chirecentration during the entire period considerethewupper water column
(Fig. 2c, 2f, 2i), where most of the productionlilely to occur (Fig. 6a), preferentially suggesedatively constant

production and therefore export. Furthermore, th&l,Gand P proportions of the X fluxes (Fig. 7)alhareas are completely
different from RR, even in an opposite sense f@FiB. 7c, 7f, 7i), suggesting that such C fluxeseweot directly related to
organic matter settling.

A second hypothesissnsiders might be in relation with-a-majerreldief vertical migrations ozooplanktoamicronekton

already described in the MA (Smeti et al., 20¥8)gration-in-the-transfer of carbon- eems-ihas-the onhy-way-to

which may explain significant C losses with proportionallywler N losses and no P losses (Fig. Wdeed
mesozooplankton-micronekton feed at night in otdesivoid predators and migrate to spend half oftithe at around 500

m depth where they respiend lose carbon. Chl a varied only between 0.05GR28 mg m? in the MA upper surface,

suggesting a strong top-down control by zooplankibfe to maintain pigment concentration in a qeésady state for

many months (Banse et al., 2012). Zooplankton-miekton diel vertical migrations, the latter beingd@spread in the

ocean and forming a fundamental component of thidical pump generally overlooked in global mod@&snchi et al.,
2013), and well known in the Pacific Ocean (Zhand ®am, 1998, Al-Mutairi and Landry, 2001; Landiyad., 2011),
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might explain part of the unexplain@dIC observed in the upper surface waters—H—esadly-suggested,—a—quasi-steady

e _heptween nhviob a a¥a ala aYala' N oON—Promns on darad Yi¥ia alllaala%ala a DD otahgzed y

might be an underestimation of the settling carboonugh methodological issues, mainly concerrimgperformance of

traps (Buesseler et al., 2007) or solubilizatiomt{# 2005) which isimpossible to take into account without specific

measurementsadeed_-there isin fact no reliable way to separate swimnmearsntribution of different elements from that

originating from the passive flux (Antia, 2008ndparticularlyin particularusing formalin, we cannot measure the DOC in

the trap supernatant.
Tropical stormsjikesuch asCyclone PAM observed during the OUTPACE cruise Va@eneil et al., 2017), might have an
influence on seasonal budgets. Law et al., (20&pdnted the effect of such a cyclone in the Norésnian Seadndeed,

fThere was no nitrate entrainment but rather phospdratrainment due to explicit differences in nilirse and phosphacline

depths. This allowed nitrogen fixation to be entehi a process close tigeonethave described in our study, albeit in

response to physical forcing acting at a smallatigpthan winter mixing. During OUTPACE, the stgpwind forcing event

PAM entered the Southwest Pacific in early Maraid a drop in SST and increase in Chl followed snvibke. The storm

did indeed have a fertilizing effect but at relativshort spatial (around Vanuatu islands) and ffareund 2 weeks) scales,

compared to the larger-scale processes highlightde present study.

Mesoscale structures have been previously shownflieence primary production (Falkowski et al., 199schlies and

Garcon, 1998: Moutin _and Prieur, 2012; Levy et aD15). Nevertheless, the mesoscale vertical flukes to quasi-

geostrophic forcing calculated from satellite ddtaing OUTPACE were weak and acted on a layer degul from the

relevant nutrient reservoirs (de Verneil et al.120 The seasonal vertical nutrient input into phetic layer, mainly driven

by deep vertical mixing, will be the main influenae annual biological production, whereas summertinesoscale activity

will primarily influence the horizontal spatial dglilution of phytoplankton (Rousselet et al., tisisue).

4.4 Iron and phosphate availabilities as key factors controlling the N input by N2 fixation and the biological carbon
pump in the WTSP

The western SP is known as an iroith area (Wells et al., 1999). Iron concentratiomsasured during the DIAPALIS

cruises(http://www.obs-vlfr.fr/proof/vt/op/ec/diapazon/diem) near New Caledonia (M. Rodier unpubl. data in Van d

Broeck et al., 2004) were higher than concentrati@ported in the sub-tropical North Pacific (Laxgdand Bruland, 1987)

andindicatingindicatecho clear seasonal variatiomsverage iron concentrations of 0.57 nmdi\ere reported in the upper

surface waters of the WTSP (Campbell et al., 20BB)her than the ~0.1 nmoliLmeasured in the upper 350 m water
column of the SP gyre (Blain et al., 2008here ferricline depths were located well belowatline depths (Blain et al.,

2008) The Equatorial Undercurrent, which originatesrriéapua New Guinea, close to New Caledonia, is kntmwbe a
source of iron in the SP Ocean (Wells et al., 1998nachaud et al., 2017). Nevertheless, atmosptiepiosition fluxes of
iron are very low (Duce and Tindale 1991, Wagerieale 2008). During OUTPACE, the apparent conttdn between
low atmospheric deposition of iron and high surfagater iron concentration wassolved. The high iron average
concentration within the photic layer in the MA{Imol L'Y) compared to WGY (0.3 nmol) was shown to be related to

an-theinfluence of hydrothermal sources at shallower lgephan commonly associated with volcanic actisifi@uieu et
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al., in revision) confirming the importance of hydrothermal conttibo to the oceanic iron inventory (Tagliabue et al

2010; Fitzsimmons et al., 201 agliabue et al., 2017Yhe averaged 0-70 m integrated concentrations @&e + 0.14

nM; 1.18 + 1.02 nM; 0.28 + 0.03 nM for WMA, EMA aniGY, respectivelylron is a major component of the nitrogenase

enzyme that catalyzes;Nixation (Raven, 1988). The high iron concentnatiikely alleviates the iron limitation of N
fixation in the WTSP, again considered as adpatt of N fixation (Bonnet et al., 2017).

Phosphate turnover time f#) represents the ratio between natural concentradiod uptake by planktonic species
(Thingstad et al., 1993) and is considered the maistble measurement of phosphate availabilitthenupper ocean waters
(Moutin et al., 2008). Phosphate availability il tMA, characterized by DIP < 50 nmotftland Toie reaching below 2 days,
is largely- considerabljyower than in the SP gyrevith DIP concentrationabove 100 nmol £ and Toie in the order of
magnitude of months (Fig. 6¢cas already reported (Moutin et al., 2008). Phosplavailability, as well as primary
production, were shown to follow the same seaspatiérns close to New Caledonia in the MA, sugggdtiat in this iron-
rich area known to sustain high Rixation rates, phosphate may appear as a kegrfaontrolling carbon production (Van

den Broeck et al., 2004deed alt was suggested thaeasonal pattern of phosphate availability witiher values (Low

DIP, High Tpip) related to winter mixing and lower value (HighBtP, Lower Toip) during the stratified periodvas
suggested-to migtaontrol Trichodesmium spp. growth and decay in the SP near New Caleddhdatin et al., 2005). A
Towr below 2 days was shown to be critical Taichodesmium spp. growth (Moutin et al., 2005) 1% below or close to 2
days was measured in the MA upper waters durindd@PACE cruise (Fig. 6¢cland Toie as low as several hours was
measured at LD B station and has been related thghstrong biomass and specificallyichodesmium spp. decline
observed at this station (de Verneil et al., 20With Tpr around or even below 2 days, the MA appears asvaPl area
during the stratified periodndicating a probable role of phosphate availgbiln the control of nitrogen input by the
nitrogen fixers. The higher iron availability inefiMA is probably the main factor allowing;Nixation to occur, and

phosphate availability the main factor controllithg annual input of N by Nixationits+ate A Tpp of 2 days corresponds

to the lowest value reported at ALOHA station ie tHP (Table 2 in Moutin et al., 2008yhere phosphate availability is
considered to play a dominant role in the contfalitogen fixers (Karl et al., 1997; Karl, 2014)r reached several hours
which iselesestcloseto the phosphate availability of the Mediterran&aa or the Sargasso Skaown for a long time for
their phosphate deficiency (Wu et al., 2000; Mowtiral., 2002). While phytoplankton and heterotiog¥acterioplankton
may appear N-limited (Van Wambeke et al., thiséssBimenez et al., this issue), the low availapitif phosphate in the
upper wates of the WTSP during the stratified periédely-probablycontrols the biomass of nitrogen fixers and ultiehat
the input of nitrogen by this process. In a regapsocosm experimentiarge highincreases in Nfixation rates, PP rates
and carbon export were obtained after a DIP enrggtiraf WTSP waters (Berthelot et al., 2015). Nehalgss, several days
were necessary to measure significant increaseicating that regular sherterm experiments to establish nutrient
limitation as usually operatedékaezemacker et al., 2013; Moisander et al., 2Btgyre et al., 2013), may not be relevant
in WTSP conditions (Gimenez et al., 2016).

The high DIP low DIN (excess P or high P*) contehtwater was suggested-beasa preliminary condition allowing N

fixation to occur (Redfield, 1934; Capone and Kna07; Deutsch et al., 2007), and is a charatiten$ surface waters of
the South Equatorial current flowing from the dasthe west in the SRIue to intense denitrification related to oneha t
main OMZ (Oxygen Minimum Zone) are@ the East Pacific (Codispoti et al., 2001). Tieviation of iron limitation

when waters originating from the east reach the WTs considered as the main factor explaininghtitespot of N

fixation observed in the OUTPACE area (Bonnet et 2017). The strong nitracline and phosphaclinptidalifferences
(Table 1), associated with winter mixing down towrd 70 m, allows us to estimate a replenishmetiBfer-ofthe order
of magnitude ofADIP (5.9 mmol it for WMA and 3.0 mmol m for EMA; Fig. 7c, 7f) largely farabove the vertical input
by turbulent diffusion (around 0.7 mmol%n together with no DIN replenishment. Alone, thed® Buxes may support N

fixation of 94.4 and 48.0 mmol #during this period (following RR)}3#-of the order of magnitude of the fluxes of 154 and
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108 mmol n? calculated for WMA and EMA (Fig. 7b, 7e), respeety. While horizontal advection of high DIP low DI

waters from the SP gyre toward the iron-rich WTS&s wuggested to create the environmental condifercurable for
diazotroph growth (Moutin et al., 2008; Bonnet bf 2017), we here suggest that local seasonalewimixing may also
play a significant role in providing excess P te thipper waters, and therefore in controlling nigrognput by N fixation

and therefore the associated carbon cycle. Phasphatlability appears, in the high iron MA, as th#mate control of the
biological carbon pump. The simulations of the m@jriN, and P fluxes at LD A and LD, @sing a 1DV model with similar
physical forcing strengthen the idea of strong seasonal variabeirsy able to explain the control of fixation and carbon

fluxes by the availability of phosphate the MA and iron at WGY(Gimenez et al., this issudjon was hypothesised to

prevent N fixation at LD C and this allows to obtain the iDIP concentration observed at LD C.

4.5 Toward reconciliation between simulations and obser vations?

During the past 10 years, global biogeochemicaleheuulations suggested relatively high fixation in the SP gyre and
low fixation in the western part of the Pacific @ogDeutsch et al., 2007; Gruber 2Qli6)contradiction with the little data
then available. While the decrease in P* towarddiwatre of the gyre observed during the BIOSOPEser(ETSP toward
the central gyre 10-30°S in latitude) correspondhé trend observed by Deutsch et al. (2007 ¥jXdtion in the simulation,
with minimum values found on the edge and maximumiues found in the centre of the gyre, was conttaryour
observations (Moutin et al., 2008). The high fixation expected in the ETSP, because “downstreA®MZs, surface
waters that initially carry a surplus of phosphofoscause of subsurface denitrification) lose &xsess gradually through
N fixation” (Deutsch et al., 2007), was not confidrgy isotopic budgets (Knapp et al., 2016)ggesting an elusive marine
N, fixation (Gruber, 2016). The discovery of a -tamot of N fixation in the whole WTSP covered by the OUTPACE
transect and other cruises in the Coral Sea (Boginak, 2017)allews-us-to-considgustifies considerin@ larger spatial

coupling between denitrification and: Fixation than previously thought (Deutsch et aDQ7). Taking into account the role

of iron to allow (or not) M fixation to occur
oebservationscems a necessary basis to reconcile simulatioh®bservation{Dutkiewicz et al., 2012; Monteiro et al.,
2011; Weber and Deutsch, 2014)deed;-theseThesrew modellingeffertsstudieshave identified the WTSP as a unique

region with conditions seemingly favourable forrsfggant N, fixation fluxes (Knapp et al., this issue). Int&iagly, the

opposite trends between expectedfiXation and P* observed during the BIOSOPE crisd possibly attributed to non-
Redfieldian processes (Moutin et al., 2008) mayatlker due to horizontal advection and isopycnimgi of water masses
originating from the WTSPand therefore marked by a strong signature ohgae\ fixation (High N* corresponding to
Low P*) (Fumenia et al., this issue), in an oppositnse than theore-well-knownbetter-knowandmore widelystudied

influence of water masses marked by a strong sigaaf intense denitrification originating from tMZ (Yoshikawa et
al., 2015). Furthermore, the deepening of isopycfralm the eastnto the wesirn SP (Yoshikawa et al., 2015; Fumenia et
al., this issue) suggesa deeper<200 m) influence of excess P waters from the SE@énMA, deeper than previously
hypothesised (Moutin et al., 2008; Bonnet et d@017). Becauséhe influence ofsopycnal mixingnfluenceis below the
maximum mixing depth estimated in the WTSH@ m), the link between N sink in the east and re® in the westnply
implies longer time scales thahe-onethaassociatednly to-with surface circulation. The N budget of the SP Ocsaof i
prime interest to understand the efficiency, atghesent time, and in the future, of the oceanadolgical carbon pump.
Getting Determininghe budget requires a precise understanding of¢heral water mass circulatiomhich -suffersat the

present timesuffersfrom a lack of data, specifically during water méssnation (Fumenia et al., this issue).
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5 Conclusion

We found a significant biological soft tissue carlpump in the WTSP despite no winter replenishroésurface waters by
DIN. N fixation is the major process introducing the reseey N to sustain the biological soft tissue carpomp allowing

oceanic po®° < pco™ in the MA and therefore significant atmospheric C inptitanks-toBecause N, fixation, the

WTSP is a significant atmospheric carbon sile-suggest-thatzooplankton-dielvertical-migratidmround-500-m-depth

The upper surface waters of the MA sampled dutivegstratified period were characterized by a DI&ilakility close to or
below the level required for phosphate sufficiengjch contrasts with observations in the centatific gyre at the same
latitude. We confirmed the geographical trend ofifation of N fixation in the SP, from_arobableriron limitation in the
east and central SP Ocean, to a P limitation inhst. The limit was clearly shown to be associatéd the lower depths
of the MA, where sufficient iron was provided to upper suefa@ters to alleviate iron limitation of:Nixation, probably by
hydrothermal sources at anomalously shallow degEhrapolating these data in order to obtain sesstendsaltiows
enableaus to show that winter vertical mixing, althoughiied to 70 m depth, may bring sufficient exceds Rllow most
of N fixation to occur.Additienallyln addition more excess P may be locally provided in the uppeface (where N
fixation was shown to occur predominantly) by wimteixing than by horizontal transport from areasrfess P formation
(OMZ). As previously hypothesized (Moutin et alQd8), the low availability of phosphate in the highn upper waters of
the WTSP during the stratified perigiélelyprobablycontrols the biomass of nitrogen fixers and ultiehathe input of

nitrogen by this process, and the biological pump.-high nutrient concentrations in High Nutrient Low Cldphyll

(HNLC) areas (Minas et al. 1986) may be considex®the result of an inefficient biological carbamp (Sarmiento and

Griiber, 2006);high phosphate concentrations (and high DIP turnoweeliin the south Pacific gyre (Moutin et al., 2008;

this study) may be the result of inefficient oniistent N fixation. Conversely, the low P availability (lavencentration and

DIP turnover time) in the upper surface of the WES8sthe result of intense Nixation. Because iron concentrations are

low in the gyre and high in the MA (even during gteongest stratified period), and because of geeific iron needs of

diazotrophs, iron availability is the best candédftr preventing nitrogen fixation in the gyre adbwing nitrogen fixation

in the MA. Therefore, iron availability and DIP atability may appear as the ultimate controls aflbgical production and

export in the gyre and in the MA, respectively.

The SP Ocean deserves special attention becautsehofge volume of water where the N budget islyike be controlled
by N lost in the east (denitrification) and N gairthe west (N fixation). Furthermore, both diazotrophy and defication
areknown- expectedio undergo drastic alterations due to climate chdhcMahon et al., 2015; Lachkar et al., 201@ur

data suggest that onedbetter take into account the role of irand phosphatim global biogeochemical models, in order to
better reconcile simulations and data, which seenise the prerequisite to understand at the prasaatthe relationship

between N sources and sinks in the SP Ocean. Mereiowill be of great interest to study futureesarios which consider

iron coming from below (hydrothermal sources$her in addition to that-thd&rom above (atmospheric source) in the WTSP
and in the whole SP Ocean. Changes irfikation following changes in dust (iron) supplave been suggested to play a
central role in explaining past glacial/interglda@hanges in C@concentration and earth temperature. It was censitithat
N2 fixation on a regional scale would change glolmbgen availability and the biological carbon puopthe time scale of
ocean circulation. The direct link between fixation and carbon expotitrough-zooplankton-diel-migration-and-respiration
proposed here for the WTSR,hot-spot of N fixation, allows for a much closer coupling betwel, fixation and the
biological carbon pump, which may in turn requigeto consider changes at shorter time scalesuch as thatthe-ene

associated with climate changghe
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Table 1. General physical and biogeochemical cherniatics of the stations investigated along theTBKCE transect
presentedyy-in columns : (1) Short duration (SD) or long durat{b®) station; (2) Station number; (3) CTD-rosette

number; (4) MLD: Mixed layer depth (m); (5) EZD: ghotic zone depth (m); (6).KMean 40-200 m vertical eddy

diffusivity (m? d1); (7) K; error (n? d?); (8) DCMD, Deep chl a maximum depth; (9) DCMC dpechl_a maximum
concentration: chl a concentration at the DCMD (mg); (10 and 11) Ichl a, integrated (0-70 m) and Q@-2n) total chl a
concentration (mg M); (12-24) @, eDx, S, €S, Nx and §% characteristics of nutriclines (depths in m whid@; or PQ
reaches zero and slopes in umdl with associated errors, N: number of samplesHerinear relationship?t correlation
coefficient). QL: Quantification limit; nd : no dgtnc : not calculated (linear relationship noabBshed); na : nutrient
above QL at surface.

Chla Nitracline Phosphacline
sation  CTD MLD EZD ot o (e syy| DCMD DCMC 10-70m 10-200m Doy €Dyos  Sion €S0s > | Dros €Dros  Sos €S04 2
number (m) (m) * ‘ (m) (mgm?®) (mgm?) (mgm?) |(m) (m) (umolm?) (umol m?) (m)  (m) (umol m*) (umol )
SD 1 out_c_006 12 70 9,37E-06 1,10E-05 88 0,40 50 18, 73 8 53 93 0,97 25 18 2,8 0,6 5 0,89
SD 2 out_c_010 23 70 7,69E-06 7,28E-06 85 0,33 6,0 20,4 78 4 61 63 0,99 27 4 3,2 0,2 5 0,99
SD 3 out_c_019 14 70 5,04E-06 3,79E-06 69 0,28 9,4 20,p 87 8 61 84 0,97 17 5 2,7 0,3 4 0,98
LD A out_c_066 14 70 1,45E-05 1,83E-0¢4 71 0,32 8,4 21,4 65 11 39 9 3 0,96/ 11 3 5,3 0,6 3 0,99
SD 4 out_c_070 12 70 7,15E-06 8,26E-(6 62 0,49 9,2 198 54 15 24 3 5 0,96 22 18 2,0 0,5 3 0,95
SD 5 out_c_074 11 70 1,33E-05 1,33E-05 62 0,49 9.3 27, 46 25 24 4 5 0,92 nc nc nc nc nc nc
SD 6 out_c_078 13 79 7,49E-06 1,39E-05 119 0,29 54 22,8 118 6 5 11 3 0,96 40 10 1,9 0,2 5 0,97
SD 7 out_c_082 12 90 4,51E-06 2,79E-06 89 0,30 4,1 16.,p 77 41 44 0,98 33 7 2,4 0,2 4 0,98
SD 8 out_c_086 12 90 5,95E-06 6,75E-06 114 0,28 3,3 17.p nd nd d n nd nd nd nd nd nd nd nd nd
SD 9 out_t 012 22 90 3,29E-06 2,36E-06 nd nd nd nd 95 10 43 9 3% (0,80 12 2,4 0,3 5 0,95
SD 10 out_c_094 13 90 4,90E-06 4,30E-06 103 0,28 4,2 8 112 1 64 1 3 1,00 nc nc nc nc nc nc
SD 11 out_c_098 13 90 7,01E-06 8,37E-06 91 0,36 4,4 8,p 78 18 2 4 8 5 090 41 6 2,8 0,2 4 0,99
SD 12 out_c_102 16 85 5,25E-06 4,80E-06 94 0,33 51 18, 84 2 57 2 3 1,000 na na na na na na
LD B out_c_150 21 55 4,18E-06 6,66E-06 74 0,35 7.8 22,3 120 1 48 1 3 1,00 nc nc nc nc nc nc
SD 13 out_c_152 27 X nd nd 122 0,30 1,2 18,1] 102 12 41 5 4 0,97 na na na na na na
LD C out_c_198 34 120 4,25E-06 1,49E-Q5 129 0,29 1,9 19, 117 4 51 3 5 099 na na na na na na
SD 14 out_c_209 13 110 3,49E-06 4,11E-06 155 0,25 2,1 18p 140 50 3 5 099 na na na na na na
LD 15 out_c_212 19 116 3,06E-06 245E-06 131 0,26 2,7 20,B 102 45 7 4 096 na na na na na na
Chla Nitracline Phosphacline
sation  CTD MLD EZD i o (e syy| DCMD DCMC 10-70m 10-200m Doy €Dyos  Sion €S0s > | Dros €Dros  Soe €S04 2
number (m) (m) * ‘ (m) (mgm?®) (mgm?) (mgm?) |(m) (m) (umolm?) (umol m?) (m)  (m) (umol m*) (umol n)
SD 1 out_c_006 12 70 9.37E-06 1.10E-05 88 0.40 5.0 18. 73 8 53 93 0.97[ 25 18 2.8 0.6 5 0.89
SD 2 out_c_010 23 70 7.69E-06 7.28E-06 85 0.33 6.0 20.¢ 78 4 61 63 099 27 4 3.2 0.2 5 0.99
SD 3 out_c_019 14 70 5.04E-06 3.79E-06 69 0.28 9.4 20.p 87 8 61 84 097 17 5 2.7 0.3 4 0.98
LD A out_c_066 14 70 1.45E-05 1.83E-0¢4 71 0.32 8.4 21.4 65 11 39 9 3 0.96 11 3 5.3 0.6 3 0.99
SD 4 out_c_070 12 70 7.15E-06 8.26E-(6 62 0.49 9.2 198 54 15 24 3 5 0.96] 22 18 2.0 0.5 3 0.95
SD 5 out_c_074 11 70 1.33E-05 1.33E-05 62 0.49 9.3 27. 46 25 24 4 5 0.92 nc nc nc nc nc nc
SD 6 out_c_078 13 79 7.49E-06 1.39E-05 119 0.29 5.4 228 118 6 5 11 3 0.9 40 10 1.9 0.2 5 0.97
SD 7 out_c_082 12 90 4.51E-06 2.79E-06 89 0.30 4.1 16.p 77 41 44 098 33 7 2.4 0.2 4 0.98
SD 8 out_c_086 12 90 5.95E-06 6.75E-06 114 0.28 3.3 17.p nd nd d n nd nd nd| nd nd nd nd nd nd
SD 9 out_t 012 22 90 3.29E-06 2.36E-06 nd nd nd nd 95 10 43 9 3 (0.80 12 2.4 0.3 5 0.95
SD 10 out_c_094 13 90 4.90E-06 4.30E-06 103 0.28 4.2 8 112 1 64 1 3 1.00 nc nc nc nc nc nc
SD 11 out_c_098 13 90 7.01E-06 8.37E-06 91 0.36 4.4 18.p 78 18 2 4 8 5 090 41 6 2.8 0.2 4 0.99
SD 12 out_c 102 16 85 5.25E-06 4.80E-(6 94 0.33 5.1 18.B 84 2 57 2 3 1.00] na na na na na na
LD B out_c_150 21 55 4.18E-06 6.66E-06 74 0.35 7.8 22.9 120 1 48 1 3 1.00 nc nc nc nc nc nc
SD 13 out_c_152 27 X nd nd 122 0.30 1.2 18.1] 102 12 41 5 4 0.97 na nana na na na
LD C out_c_198 34 120 4.25E-06 1.49E-Q5 129 0.29 1.9 19. 117 4 51 3 5 099 na na na na na na
SD 14 out_c_209 13 110 3.49E-06 4.11E-06 155 0.25 2.1 18p 140 50 3 5 099 na na na na na na
LD 15 out_c 212 19 116 3.06E-06 2.45E-06 131 0.26 2.7 20.B 102 45 7 4 0.9 na na na na na na
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Table 2. General physical and biogeochemical cherniatics for the 3 selected areas presebten columns: (1) western
Melanesian Archipelago (WMA), eastern Melanesiaohipelago (EMA), western gyre (WGY) with the copending
stations chosen; (2) Mean or standard deviation);(&) MLD: Mixed layer depth (m); (4) EZD: Euphotzone depth (m);

5 (5) Kz Mean 40-200 m vertical eddy diffusivity {rd?); (6) DCMD: Deep chl a maximum depth; (7) DCMC:dpechl_a
maximum concentration = chl a concentration atEMD (mg m?®); (8 and 9) Ichl a, Integrated (0-70 m) and (0-260
total chl_a concentration (mg ¥y (10-13) O, S characteristics of nutriclines (depths in m whi(®; or PQ reaches zero
and slopes in pmol A). QL: Quantification limit; na: nutrient above Qit surface.

Chla Nitracline Phosphacline

MLD EZD K, DCMD DCMC 10-70m 10-200m Do, Sios  Dros  Sos

(dbar) (dbar) (m2dt) (m) (mgm?®) (mgm?) (mgm?) (m) (umolm?*) (m) (umolm?)

Mean 16 70 0,79 78 0,33 7.2 202 76 53 20 3,5
WMA (SD 1,2,3 LD A)
SO 5 0 034 10 0,05 2,1 1,0 10 10 7 1,2
15 87 044 104 0,29 4,6 19,1 100 51 44 2,2
EMA (SD 6,7,9,10) Mean
sOD 5 6 0,15 15 0,01 0,7 2,8 18 11 14 0,3
23 115 031 134 0,28 2,0 190 116 47
EGY (SD 13,14,15 LD c)Vea" na na
10 sOD 9 5 0,05 14 0,03 0,6 1,1 18 5 na na
Chla Nitracline Phosphacline

MLD EZD K, DCMD DCMC 10-70m 10-200m Do,  Sis  Dros  Sos
(dbar) (dbar) (mzd*)  (m) (mgm?®) (mgm?) (mgm? (m) (umolm?) (m) (umolm?)

Mean 16 70  0.79 78 0.33 7.2 202 76 53 20 35
WMA (SD 1,2,3 LD A)
SO 5 0 034 10 0.05 2.1 10 10 10 7 1.2
15 87 044 104 0.29 4.6 19.1 100 51 44 2.2
EMA (SD 6,7,9,10) Mean
sOD 5 6 015 15 0.01 0.7 28 18 11 14 0.3
Mean 23 115 031 134  0.28 2.0 19.0 116 47 na na

WGY (SD 13,14,15 LD C)
SD 9 5 0.05 14 0.03 0.6 11 18 5 na na
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Table 3. Mean integrated 0-70 m C, N, and P poold (72) during the OUTPACE cruise (austral summer perfodhe 3
selected areas: western Melanesian Archipelago (WMdstern Melanesian Archipelago (EMA), and westgtre (WGY).

Dissolved inorganic (DI), dissolved organic (DOYararticulate organic (PO), C, N and P, respedtivel

DIC DOC POC DIN DON PON DIP DOP POP
WMA Mean 141,2 5,07 0,21 0,000 0,392 0,035 0,0040 0,0112 0,0019
s 0,3 0,12 0,02 0,000 0,036 0,004 0,0020 0,0018 0,0002
Mean 141,6 5,22 0,22 0,000 0,370 0,031 0,0011 0,0117 0,0018
Austral summer EMA
s 0,6 0,07 0,02 0,001 0,017 0,002 0,0011 0,0010 0,0001
EGY Mean 141,9 5,35 0,09 0,000 0,378 0,015 0,0101 0,0136 0,0010
s 0,4 0,08 0,01 0,000 0,045 0,001 0,0012 0,0020 0,0001
DIC DOC POC DIN DON PON DIP DOP POP
WMA Mean 141.2 5.07 0.21 0.000 0.392 0.035 0.0040 0.0112 0.0019
SO 0.3 0.12 0.02 0.000 0.036 0.004 0.0020 0.0018 0.0002
Mean 141.6 5.22 0.22 0.000 0.370 0.031 0.0011 0.0117 0.0018
Austral summer EMA
SO 0.6 0.07 0.02 0.001 0.017 0.002 0.0011 0.0010 0.0001
WGY Mean 141.9 5.35 0.09 0.000 0.378 0.015 0.0101 0.0136 0.0010
SO 0.4 0.08 0.01 0.000 0.045 0.001 0.0012 0.0020 0.0001
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Table 4. Sediment trap data. Minimum, maximum aeémvalues of particulate matterss fluxand swimmex
contentsmass-fluxe€, N, P and Redfield ratio (RR) from particulatatter and swimmers (Zoo). * P calculated from the
RR with adding the P measured in the supernatast. ¢column: particulate matterass fluxand swimmes content-mass
flux-ratio. MA: Melanesian Archipelago, WGY: western @Re.

Particulate matter Swimmer POC PON POP RR 106/N/P ptiggo Zoo-C Zoo-N Zoo-P Zoo-P* RR 106/N/P proportion *  @d®articulate

mgDW d* mgDW ot umol m? d* C N P pmol m? d* C N P P mass flux ratio
MA Min 14 69 241 22 0,6 106 9,8 0,3 2994 492 4 22 106 12,4 0,0 0,2 0,7
(N=8) Max 122 403 3084 395 689 106 15,4 2,9 11742 1653 26 55 106 202,6 01,1 26,0
Mean 48 219 1092 136 18,5 106 12,7 1,2 6 903 961 14 36 106 15,8 0,27 0, 97
WGY Min 7 24 138 20 0,4 106 11,2 0,2 609 75 2 5 106 13,1 0,2 0,5 1,4
(N=8) Max 28 148 385 59 2,1 106 204 0,8 4 552 1067 16 28 106 25,2 0,5 0,9 a1 7
Mean 17 76 266 41 1,1 106 16,6 0,5 2 330 473 8 15 106 19,9 0,3 0,7 4,4
Particulate matter Swimmer POC PON POP RR 106/N/P ptiggo Zoo-C Zoo-N Zoo-P Zoo-P* RR 106/N/P proportion *  @d@articulate
mgDW d* mgDW ot umol m? d* C N P pmol m? d* C N P P mass flux ratio
MA Min 14 69 241 22 0.6 106 9.8 0.3 2994 492 4 22 106 12.4 0.0 0.2 0.7
(N=8) Max 122 403 3084 395 68.9 106 15.4 2.9 11742 1653 26 55 106 20.2.6 011 26.0
Mean 48 219 1092 136 185 106 12.7 1.2 6 903 961 14 36 106 15.8 0.27 0. 9.7
WGY Min 7 24 138 20 0.4 106 11.2 0.2 609 75 2 5 106 13.1 0.2 0.5 1.4
(N=8) Max 28 148 385 59 21 106 204 0.8 4 552 1067 16 28 106 25.2 0.5 0.9 1 7
Mean 17 76 266 41 1.1 106 16.6 0.5 2 330 473 8 15 106 19.9 0.3 0.7 4.4
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Table 5. Molar fraction of CO(Xco2) in dry air measured at SMO station Tutuila (Aman Samoa, Lat 14.247° S, Lon
170.564° W, see Fig. 1; Source: NOAA/ESRL) andwastiatmosphericda. (pco™. Mean values for the carbonate
system, measured in the mixed layer depth (MLD)nduthe OUTPACE cruise (summer conditions), meabaterO m
depth (estimated winter conditions) and NDP-09atblogical data (Takahashi et al., 2014). Oceelintatological oz
(pco®) are given for different estimations of winter fggnature (SST from NDP-094, mean T at 70 m deotm fr
OUTPACE, SST from MODIS Aqua). CT: conservative pamature, $ practical salinity, nDIC: normalized dissolved
inorganic carbon, nAlk: normalized alkalinity, SSEa surface temperature; SSS: sea surface saliMA: western
Melanesian Archipelago, EMA: eastern Melanesiarhigelago, and WGY: western SP gyre sampled dutiag t

OUTPACE cruise.

. Monthly mean X, (March 2015) ppm 398,4
SMO station TUTUILA
Annual mean X, (Jul 2014-Jul 2015) ppm 397,3 (SD =0,8)
WMA EMA WGY
Unit Mean SD Mean SD Mean SD
Monthly mean p,,*™(March 2015) patm 383,0 382,7 382,5
CT °C 289 03 293 03 295 04
S 350 01 351 02 351 01
Mean values measured in the MLD (austral summeditimms, March 2015) nDIC umol kgt 1974,6 9,5 1983,9 8,6 1993,6 3,2
nAlk pmol kgt 2333,7 1,9 2343,1 8,0 2347,7 6,1
NP, patm 366 11 376 8 390 6
CT °C 253 0,2 248 08 262 09
S 355 00 357 0,0 357 0,0
Mean values at 70 m (estimated austral winter Mloldditions) nDIC umol kg! 2007,5 3,0 2009,6 9,6 2008,9 3,7
nAlk pymol kg 2332,4 5,0 2344,1 6,5 2350,8 2,7
NP0 patm 372 10 355 15 364 8
Austral winter (July 2014) temperature at surfamsf MODIS Aqua SST °C 249 0,2 24,2 0,7 26,5 0,2
SST °C 239 00 244 01 251 01
SSS 355 00 355 0,0 356 0,1
Mean climatological austral winter values at suef@ftom T akahashi et al., 2014) DIC pymol kgt 2006,4 0,7 2000,9 3,0 2004,7 9,9
Alk pmol kg 2335,4 0,2 2333,6 1,7 2343,4 8,6
Pco cat surface patm 344 1 345 4 349 7
Mean climatological austral winter.p,°¢ at surface calculated with different temperatur-gsfmm OUTPACE, mean CT at 70 m depth _ patm 366 353 368
SST from MODIS Aqua patm 361 344 371
SMO station TUTUILA Monthly mean X, (March 2015) ppm 398.4
Annual mean X, (Jul 2014-Jul 2015) ppm 397.3 (SD =0,8)
WMA EMA WGY
Unit Mean SD Mean SD Mean SD
Monthly mean p,,2™(March 2015) patm 383.0 382.7 382.5
CcT °C 289 0.3 293 03 295 04
S 350 01 351 0.2 351 0.1
Mean values measured in the MLD (austral summeditimms, March 2015) nDIC umol kg! 1974.6 9.5 1983.9 8.6 1993.6 3.2
nAlk pumol kg 2333.7 1.9 2343.1 8.0 2347.7 6.1
NP0 patm 366 11 376 8 390 6
CT °C 253 0.2 248 08 26.2 0.9
S 355 0.0 357 0.0 357 0.0
Mean values at 70 m (estimated austral winter Mlolditions) nDIC umol kg! 2007.5 3.0 2009.6 9.6 2008.9 3.7
nAlk umol kg 2332.4 5.0 2344.1 6.5 2350.8 2.7
NP patm 372 10 355 15 364 8
Austral winter (July 2014) temperature at surfawef MODIS Aqua SST °C 249 0.2 242 0.7 265 0.2
SST °C 239 0.0 244 0.1 251 0.1
SSS 355 0.0 355 0.0 356 0.1
Mean climatological austral winter values at sueféftom T akahashi et al., 2014) DIC umol kg 2006.4 0.7 2000.9 3.0 2004.7 9.9
Alk pumol kg 2335.4 0.2 2333.6 1.7 2343.4 8.6
P.o’cat surface patm 344 1 345 4 349 7
Mean climatological austral winterp,°° at surface calculated with different temperatur-gsfrom OUTPACE, mean CT at 70 m depth  patm 366 353 368
SST from MODIS Aqua patm 361 344 371
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Table 6. 0-70 m upper layer comparative C, N, Bydaidgets in the 3 selected areas (western Metaméschipelago
(WMA), eastern Melanesian Archipelago (EMA), andsteen gyre (WGY)) sampled during the OUTPACE crijseol m
2dh.

WMA EMA EGY
C N P C N P C N P
INPUT Dissolved inorganic turbulent diffusion 426 46 2,8 198 0 1,0 200 O 0,0
Atmospheric CQexchange or Nfixation 1675 642 negligible 825 452  negligible 0 41 nedlig
Particulate organic settling -1092 -136 -18,5 -1092 -136-18,5 -266 -41 -11
OuUTPOUT Particulate organic turbulent diffusion  -29 -4 -02  6-1 -1 -0,1 2 0 0,0
Dissolved organic turbulent diffusion -121 -8 -0,7 -58 6 - -0,3 -21 0 0,0
'BUDGETS 859 540 -16,6 -143 309 -17,9 -85 0 -1,1
WMA EMA WGY
C N P C N P C N P
INPUT Dissolved inorganic turbulent diffusion 426 46 2.8 198 0 1.0 200 O 0.0
Atmospheric CQexchange or Nfixation 1675 642 negligble 825 452  negligible 0 41 neplig
Particulate organic settling -1092 -136 -18.5 -1092 -136-18.5 -266 -41 -1.1
OUTPOUT Particulate organic turbulent diffusion  -29 -4 -02 61 -1 -0.1 2 0 0.0
Dissolved organic turbulent diffusion -121 -8 -0.7 -58 6 - -0.3 -21 0 0.0
BUDGETS 859 540 -16.6 -143 309 -17.9 -85 0 -1.1




Table 7. Estimated temporal evolution of surfaagbbchemical properties between austral winter gnp)summer (below)
in pmol L* presentedby-in columns: (1) Mean measurements at 70 m depth d@iiGPACE were considered to represent
the homogeneous upper water column (0-70 m) vasadhd initial winter conditions (i.e. conditiomsJuly 2014). The
summer conditions were those observed during th€RACE cruise (March 20157 represents the summer — winter

5 conditions differences. (2) Selected area: wedtelanesian Archipelago (WMA), eastern Melanesiaohpelago (EMA)
or western gyre (WGY). (3) Mean or standard deoratiSD), (4 to 15) Dissolved inorganic (DI), dissed organic (DO),
particulate organic (PO), and total (T), C and M Bnrespectively. All variables were normalizedhe mean absolute
salinity measured at 70 m depth to discard evaiutioe to evaporation/precipitation.

nDIC nDOC nPOC nTC nDIN nDON nPON nTN nDIP nDOP nPOP nTP

Mean 2055,1 67,5 1,6 2124,2 0,00 5,06 0,38 5,44 0,142 0,125 0,0220,289

WMA
SD 3,0 4.4 0,5 0,00 0,38 0,06 0,030 0,024 0,005
] Mean 2057,5 68,9 2,3 2128,7 0,03 4,93 0,34 5,30 0,059 0,140 0,021 0,220
Austral winter EMA
SD 10,2 2,0 0,4 0,04 0,27 0,05 0,046 0,028 0,004
EGY Mean 2056,2 74,2 1,42131,8 0,01 5,52 0,24 5,77 0,142 0,182 0,0150,339
SD 4,3 2,3 0,2 0,01 0,74 0,01 0,020 0,037 0,001
WMA Mean 2018,1 77,6 4,3 2100,0 0,00 6,05 0,68 6,73 0,000 0,163 0,032950
sb 10,0 2,2 0,3 0,00 0,58 0,12 0,000 0,029 0,004
Mean 2027,5 78,2 4,5 2110,1 0,00 5,72 0,59 6,31 0,000 0,180 0,032110
Austral summer EMA
SD 8,8 1,1 1,1 0,00 0,39 0,15 0,000 0,018 0,005
EGY Mean 2037,6 79,2 1,2 2117,9 0,00 5,50 0,21 5,71 0,150 0,190 0,013530
SD 3,4 1,1 0,2 0,00 0,70 0,04 0,014 0,017 0,002
WMA -37,0 10,1 2,6 -24,2 0,00 1,00 0,29 1,29 -0,142 0,037 0,090,095
A EMA -30,0 9,3 2,2 -18,6 -0,03 0,79 0,25 1,01 -0,059 0,040 0,040,009
10 ) EGY -18,7 5,0 -0,2 -139 -0,010 -0,02 -0,03 -0,06 0,008 0,0@8062 0,014

nDIC nDOC nPOC nTC nDIN nDON nPON nTN nDIP nDOP nPOP nTP

Mean 2055.1 67.5 1.6 2124.2 0.00 5.06 0.38 5.44 0.142 0.125 0.0220.289

WMA
SD 3.0 4.4 0.5 0.00 0.38 0.06 0.030 0.024 0.005
. Mean 2057.5 68.9 2.3 2128.7 0.03 4,93 0.34 5.30 0.059 0.140 0.0210.220
Austral winter EMA
sSD 10.2 2.0 0.4 0.04 0.27 0.05 0.046 0.028 0.004
WGY Mean 2056.2 74.2 1.4 2131.8 0.01 5.52 0.24 5.77 0.142 0.182 0.0150.339
SD 4.3 2.3 0.2 0.01 0.74 0.01 0.020 0.037 0.001
WMA Mean 2018.1 77.6 4.3 2100.0 0.00 6.05 0.68 6.73 0.000 0.163 0.0329%0
sb 10.0 2.2 0.3 0.00 0.58 0.12 0.000 0.029 0.004
Mean 2027.5 78.2 4.5 2110.1 0.00 5.72 0.59 6.31 0.000 0.180 0.032110
Austral summer EMA
SD 8.8 1.1 1.1 0.00 0.39 0.15 0.000 0.018 0.005
WGY Mean 2037.6 79.2 1.2 2117.9 0.00 5.50 0.21 5.71 0.150 0.190 0.013530
SD 3.4 1.1 0.2 0.00 0.70 0.04 0.014 0.017 0.002
WMA -37.0 101 2.6 -24.2 0.00 1.00 0.29 1.29 -0.142 0.037 0.090.095
A EMA -30.0 9.3 22 -18.6 -0.03 0.79 0.25 1.01 -0.059 0.040 0.040.009
WGY -18.7 5.0 -0.2 -13.9 -0.01 -0.02 -0.03 -0.06 0.008 0.0@B002 0.014
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Table 8. Estimated temporal evolution of (0-70 nagleochemical inventories between austral winter srmmer in mmol
m? presentedy-in columns: (1) Mean measurements at 70 m depth d@QUWFPACE were considered to represent the
homogeneous upper water column (0-70 m) variabidsrtial winter conditions (i.e. conditions inlyi2014). The
summer conditions were those observed during th€RACE cruise (March 20157 represents the summer — winter

5 conditions differences. (2) Selected area: wedtelanesian Archipelago (WMA), eastern Melanesiaohpelago (EMA)
or western gyre (WGY). (3) Mean or standard deoratiSD), (4 to 15) Dissolved inorganic (DI), dissed organic (DO),

particulate organic (PO), and total (T), C and M Bnrespectively. All variables were normalizedhe mean absolute

salinity measured at 70 m depth to discard evaiutioe to evaporation/precipitation.

nDIC nDOC nPOC nTC nDIN nDON nPON nTN nDIP nDOP nPOP nTP
WMA Mean  -1563 391 102  -1070 0,0 40,8 8,5 49 -5,9 2,4 0,4 -3,1
SD 209 307 33 0,0 35,6 4,1 2,1 1,8 0,4
) Mean -1355 445 55 -855 -1,7 28,0 7,5 34 -3,0 1,8 0,3 -0,9
A (summer - winter) EMA
SD 713 139 26 3,1 19,0 3,7 3,2 2,0 0,3
EGY Mean -659 220 -8 -448 -0,3 -4,6 -1,5 -6 0,1 1,0 -0,1 1,1
10 SD 298 162 14 0,9 51,5 1,3 1,4 2,6 0,1
nDIC nDOC nPOC nTC nDIN nDON nPON nTN nDIP nDOP nPOP nTP
WMA Mean  -1563 391 102  -1070 0.0 40.8 8.5 49 -5.9 2.4 0.4 -3.1
Sb 209 307 33 0.0 35.6 4.1 2.1 1.8 0.4
. Mean  -1355 445 55 -855 -1.7 28.0 7.5 34 -3.0 1.8 0.3 -0.9
A (summer - winter) EMA
SD 713 139 26 3.1 19.0 3.7 3.2 2.0 0.3
wWay Mean -659 220 -8 -448 -0.3 -4.6 -1.5 -6 0.1 1.0 -0.1 1.1
SD 298 162 14 0.9 51.5 1.3 1.4 2.6 0.1
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Figures caption

Fig. 1. Transect of the OUTPACE cruise (18 Feb.p8. 2015) superimposed on a bathymetry map (GEBO® @rid) of
the Western Tropical South Pacific Ocean. The types of stations, short duration and long duratéwa,indicated together
with the stations chosen to represent 3 selecegksathe western Melanesian Archipelago (WMA irkdaeen), the eastern
Melanesian Archipelago (EMA in light green) and testern SP gyre (WGY in blue). SMO station Tut#anerican
Samoa, Lat 14.247° S, Lon 170.564° W).

Fig. 2. Monthly mean mixed layer depth (MLD) againsnth in climatology (a, d, g), sea surface terapge (SST) (b, e,
h) and chl_a (c, f, i) against months from July 20® July 2015, respectively, for (a, b, ¢) the wwas Melanesian
Archipelago (WMA), (d, e, f) the eastern Melaneskthipelago (EMA) and (g, h, i) the western SPeg{WGY). The

horizontal dashed lines indicate the mixed layestidef 70 m. The vertical red lines indicate theige of the OUTPACE
cruise:18 Feb. to 3 Apr. 2015.

Fig. 3. Vertical profiles of (a) conservative tematerre (CT in °C), (b) absolute salinity (SA in g%, (c) potential density
(Sigma in kg ), (d) dissolved oxygen (QOn pmol kgh), (e) apparent oxygen utilization (AOU in umolagand (f) chl_.a
(mg m) versus depth (0-200 m) in the 3 distinct areaspdad during the OUTPACE cruise: the western Medare
Archipelago (WMA in dark green), the eastern Mekae Archipelago (EMA in light green) and the west&P gyre
(WGY in blue).The horizontal dashed lines indicate the mixe@dalepth of 70 m. The vertical dashed lines indidhe

upper surface expected values for all variablesxduhe 2014 austral winter.

Fig. 4. Vertical profiles of (a) dissolved inorgamiarbon (DIC), (b) total alkalinity (TA), (c) noatized dissolved inorganic
carbon (nDIC) and (d) normalized total alkalinityT@) against depth (m) for the 3 distinct areas @aoh during the
OUTPACE cruise: the western Melanesian Archipel@y®A in dark green), the eastern Melanesian Arclaige (EMA in

light green) and the western SP gyre (WGY in bllige horizontal dashed lines indicate the mixe@dalepth of 70 m. The

vertical dashed lines indicate the upper surfageebed values for all variables during the 2014rabginter.

Fig. 5. Vertical profiles of normalized (n) C, N,data against depth (m). Dissolved inorganic (Bi3solved organic (DO)
and particulate organic (PO) C (a, d, g), N (dh)eand P (c, f, i), respectively, in umotLfor the 3 distinct areas sampled
during the OUTPACE cruise: the western Melanesiaichipelago (WMA in dark green), the eastern Mel#@es
Archipelago (EMA in light green) and the western @Pe (WGY in blue).The horizontal dashed lines indicate the mixed

layer depth of 70 m. The vertical dashed linesdatdi the upper surface expected values for alalbs during the 2014

austral winter.

Fig. 6. Vertical profiles of (a) primary productiqPP rate in nmolC £ d?), (b) N fixation rate (nmoIN ' d?1) and
dissolved inorganic phosphate turnover timasg(ih days on log scale) against depth for the 3ndisreas sampled during
the OUTPACE cruise: the western Melanesian Archigel (WMA in dark green), the eastern Melanesianhiselago
(EMA in light green) and the western SP gyre (W@Yblue).The vertical red line indicates the critical DiRrtover time

of 2 days.

Fig. 7. C, N, and P estimated budgets in the O-AQater column during the 8-month period betweemdsnvection in
July 2014 (austral winter) and strong stratificatio March 2015 (austral summer) for the 3 disti@as sampled during
the OUTPACE cruise: the western Melanesian Archigel (WMA, top), the eastern Melanesian ArchipeldgMA,
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middle) and the western SP gyre (WGY, bottom). @dads (7a, 7d, 7g), N budgets (7b, 7e, 7h) andd@dis (7c, 7f, 7i).
Dissolved inorganic (DI), dissolved organic (DOndaparticulate organic (PO) C, N, and P fluxes eoasidered,
respectively. Atmospheric exchanges limited to,@@netration and Nfixation are indicated. All fluxes are expressaed i
mmol m? (of elemental C, N, and P, respectively) with essdndicating direction (input or output). The 2nmigers for the
particulate fluxes correspond to fluxes by turbuldiffusion (above) and particle settling (belowstimated accumulation

rates for the same period are indicated insidétixes.



