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Abstract

Surface waters (0-200 m) of the western tropicaitS®acific (WTSP) were sampled along a longituldd@®0 km transect
(OUTPACE cruise, 18 Feb., 3 Apr. 2015) during timtified period between the Melanesian Archipeléi®\) and the
western part of the SP gyre (WGY). Two distincteargvere considered for the MA, the western MA (WNAY the eastern
MA (EMA). The main carbon (C), nitrogen (N), phosphs (P) pools and fluxes allow for characterizatd the expected
trend from oligotrophy to ultra-oligotrophy, and twuild first-order budgets at the daily and seabatales (using
climatology). Sea surface chlorophyll a reflectezllthe expected oligotrophic gradient with higliatues obtained at WMA,
lower values at WGY and intermediate values at EM#\expected, the euphotic zone depth, the degpagtyll maximum
and nitracline depth deepen from west to east. ftle@iess, phosphaclines and nitraclines did notimathe decoupling
between phosphacline and nitracline depths in tiedllows excess P to be locally provided in the empwater by winter
mixing. We found a significant biological “soft sise” carbon pump in the MA sustained almost exetlgiby N; fixation
and essentially controlled by phosphate availahitit this iron-replete environment. The MA appetrde a net sink for
atmospheric C®while the WGY is in quasi steady state. We sugtfest the necessary excess P, allowing the sucfess
nitrogen fixers and subsequent carbon producti@hexport, is mainly brought to the upper surfacddmnal deep winter
convection at an annual scale rather than by seidaculation. We also suggest that mesozooplantignsertical migration
plays a dominant role in the transfer of carbommfrihe upper surface to deeper water in the MA. @tk origin of the
decoupling between phosphacline and nitracline nesnancertain, the direct link between local P uppaters enrichment,
N fixation, organic carbon production and exportersf a possible shorter time scale than previahslyght between N input
by N; fixation and carbon export. The low iron availihiin the SP gyre and P availability in the MA thg the stratified
period may appear as the ultimate control of N iffpuN; fixation. Because of the huge volume of water dosider and
because the SP Ocean is the place of intenseitieaiion in the east (N sink) and;Nixation in the west (N source), precise
seasonal C, N, P budgets would be of prime intéoeshderstand the efficiency, at the present temel, in the future, of the

oceanic biological carbon pump.

1 Introduction

The oceanic biological carbon pump correspond$igottansfer of carbon from the upper surface toodean interior by
biological processes, greatly influencing atmosjgh€0, concentration and therefore the earth’s climaté & high rank
priority of contemporaneous research in oceanogréptrd et al., 2016). Two biological pumps havereéefined (Volk and
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Hoffert, 1985), the “soft tissue” and “carbonateingps associated with organic matter or calciumasate processes (e.g.
production, export, remineralization or dissolujiofihe “soft tissue” pump, considering both itseimsity and shorter time
scales, is by far the larger contributor to the emith carbon gradient between the upper surfacetendeep Sea. Following
climate alteration, the biological “soft tissue’mp begins to deviate from its equilibrium conditiomeaning that its influence
on atmospheric C£change may occur at time scales shorter thangurshyi thought (Sarmiento and Griiber, 2006). Because
the strength of the biological carbon pump depesdswitrient availability in the upper ocean, andrenparticularly on
nitrogen availability (Falkowski et al., 1998, Tilrel999, Moore et al., 2013), which is at longnteregulated by external
input by dinitrogen (B fixation and internal denitrification (Gruber aBdrmiento, 1997; Codispoti et al., 2001; Deutdch e
al., 2001; Brandes and Devol, 2002; Gruber, 200dhaffey et al., 2005; Deutsch et al., 2007; Codisgtal., 2007; Capone
and Knapp, 2007; Moutin et al., 2008; Deutsch areb®V, 2012; Landolfi et al., 2013, Jickells et aD17), quantitative
evaluation of the regulation, interdependence, eralution of these two processes requires intetisatidn at the present
time. It has been suggested earlier thafidation may play a large part in changing atmasphCQ inventories (McElroy
et al., 1983), but at long time scales and consigdarge differences in Aeolian iron input (Falkeli; 1997, Broecker and
Henderson, 1998). Because fikation may ultimately be controlled by iron aladility, and because dust delivery to the
ocean is climate sensitive, there may be inexthyctitked feedback mechanisms that regulatdikation, atmospheric CO
concentrations, and dust deposition over relatil@hg periods (Michaels et al., 2001; Karl, 201#)though fundamental,
the time scales by which N sources and sinks aupled in the ocean remain uncertain (Falkowski.et1898; Brandes and
Devol, 2002; Straub et al., 2013). Excess P emeages master variable to link them in the moderaagDeutsch et al.,
2007) as well as from a paleobiogeochemical pointiew (Straub et al., 2013). The recent (since higinning of the
industrial era) increase in production by-fixing cyanobacteria was suggested to provide gatige feedback to rising
atmospheric carbon dioxide concentrations (McMadioal., 2015) although an inverse trend was alspgsed (Kim et al.,
2017). While the observed changes infNation and biogeochemical cycling reflect eithatural oceanic variability or
climate change (Karl et al., 1997; Karl, 2014), thest probable changes for the near future in BdtHixation and
denitrification processes following climate forciage suggested to be a strengthening control ot#inbon cycle by P
availability (Moutin et al., 2008).

The western tropical South Pacific (WTSP) is a postudied area where large blooms of diazotroplsewpreviously
observed by satellite (Dupouy et al., 2000; 2011 bas been recently qualified as a hot spotofiXdtion (Bonnet et al.,
2017). It is hypothesized that following the Soktjuatorial Current (SEC), the N-depleted, P-endcivaters from areas of
denitrification located in the East Pacific reacitevs with sufficient iron in the west to allow fikation to occur (Moutin et
al., 2008; Bonnet et al., 2017). While horizon@Vection of waters from the east through the SEDably supports an active
biological pump in the WTSP, local vertical conventmay also play a central role.

In addition to the main objective of following tlsame water mass for several days (de Verneil e2@17) by a quasi-
Lagrangian experiment (Moutin et al., 2017) in ordepropose daily budgets (Caffin et al., thisisssKnapp et al., this issue)
or short term biological trends (Van Wambeke etthis issue), we proposed here to work at largace and time scales, in
complement to the work by Fumenia et al. (thisé3showing that Nfixation in the WTSP may influence the whole SP
Ocean. While many recent works focus on importardlsspatial scales influencing the biological eartpump (Lévy et al.,
2012; Stukel et al., 2017), we found it importanatso show results from a larger scale studyérQTPACE (Oligotrophy
to UlTra-oligotrophy PACific Experiment) specialsige (https://www.biogeosciences.net/special_isstié88l), showing
that they are complementary rather than excludites study was also motivated because we aredar fesolving seasonal
variations of the main biogeochemical variableshie WTSP, still largely under-sampled comparechoriorthern Pacific
and Atlantic. The objective of this study is therefto provide a large spatial (hundreds of km) &mdporal (annual) scale
study of the main biogeochemical C, N, P stocks fumdes in the upper 200 m of the WTSP Ocean froeasnrements
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gathered during the stratified period and to eualtiae main seasonal trends from estimations ofique winter conditions

and climatological analysis.

2Material and methods
2.1 General method and strategy

5 Sation locations, chronology, CTD measurements, sample collection

The OUTPACE cruise was carried out between 18 Faprand 3 April 2015 from Nouméa (New CaledoniaPapeete
(French Polynesia) in the WTSP (Fig. 1). We samplater along a 4000 km transect from the oligotiop¥ater of the MA
to the clearest ocean waters of the South Pa8Rg gyre (Moutin et al., 2017) from a SBE 911+ CRDBsette. Euphotic zone
depth (EZD) was immediately determined on-boardhftbe photosynthetic available radiation (PAR) @pth compared to

10 the sea surface PAR(Q and used to determine the upper waters samgipths corresponding to 75, 54, 36, 19, 10, 3, 1
(EZD), 0.3, and 0.1 % of PAR{(D CTD sensors were calibrated and data processstecpuise using Sea-Bird Electronics
software into 1-m bins. Conservative temperatubsolite salinity and potential density were comguieing TEOS-10
(McDougall and Barker, 2011). Chlorophyll a (chlia)mg m® were measured with an Aqua Trak Il fluorimetehéBea
Technologies Group Ltd). All samples were colledtedn the 24, 12-L Niskin bottles equipped withicgihe rubber closures

15 and tubing for measurements (see section 2.2. ficalynethod) of stock variables (dissolved oxyggissolved inorganic
carbon (DIC), total alkalinity (TA), nutrients, caj particulate and dissolved organic C, N, P)fanes (primary and bacterial
production rates, Nixation rates, and dissolved inorganic phosp(ate) turnover times, i.e. the ratio of DIP conaatibn
to DIP uptake).

20 Group of stations
For our large-scale study, we considered 3 aréaswestern MA (WMA), the eastern MA (EMA) and thestern gyre
(WGY) waters. Four 0-200 m CTD casts, mainly dedote nutrient pool analyses, were considered fahemrea and
correspond to the following stations: SD 1, SD R,3and 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% 2). Therefore, the same number of CTD castswsasl to characterize

25 each area. The choice of the stations for eachwasaessentially geographic but justifizghosteriori by the results. SD 8
was discarded because no nutrient measurementsawatable. SD 11, SD 12 and LD B were also disedttecause a bloom
was sampled at LD B, meaning these measurementaiaod the scope of this paper, which deals vatlyé-scale spatial and
temporal variations. The specificity of the traiwsitarea between the MA and GY waters are presentadother paper of
the OUTPACE special issue (de Verneil et al., 2000yIA, EMA and WGY will be presented in dark gredight green and

30 blue, respectively, in close relationship with éhgected oligotrophic gradient.

Mixed layer depths

Mixed layer depth (MLD) was calculated using a siv@d temperature of 0.2 °C deviation from the nexfiee value at 10-m

depth (de Boyer-Montegut et al., 2004) from OUTPACHED profiles (Table 1). For climatological MLD dafFig. 2a, 2d,
35 2g), values at each station were extracted frongkbleal climatology at 2° resolution proposed byBig/er-Montegut et al.

(2004) (downloaded from http://www.ifremer.fr/cefwdeboyer/mlid/Surface_Mixed_Layer_Depth.php on 12n2017).

The same criterion (threshold temperature deviatfdh2 °C) was used.

Vertical eddy diffusivity measurement
40 The mean eddy vertical diffusivity between 40-20@vas determined for each station from one to séwaists undertaken
using a VMP1000 (Bouruet-Aubertot et al., this &sBriefly, Kz is inferred from the dissipationteaof turbulent kinetic

3
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energyg, mixing efficiencyyy, and buoyancy frequency, N, according to the Qsbalationship: K=(y )/ N2 £ is computed
from the microstructure shear measurements (eg.eXal, 2013) and mixing efficiency is inferredrfr the Bouffard and

Boegman parameterization as a function of turb@éntensity (Bouffard and Boegman, 2013).

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

https://oceandata.sci.gsfc.nasa.gow/Jan 3, 2017). The mapped level 3 reanalysigakm spatial resolution produced at

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

position were averaged together to produce a sirajlee.

Depth profiles of all discrete variables

All measurements are presented together with #simated mean concentrations profile (thick lioe)Figs. 3, 4, 5, 6. In
order to determine the mean concentrations, thilgg®f the variable in question (concentrationdepth) for all stations
included in the group were interpolated betweem® 200 m with a piecewise cubic hermite interpag@tscheme (pchip
function in the pracma R package). In case of missialues close to 200 m, the interpolation wapmtd at the deepest
(before 200 m) point available. The mean profileswatimated from the mean value of the interpolpteélles on every one
meter depth horizon. For inorganic nutrient con@itins < quantification limit (QL) (see sectior2p.a zero was indicated

in order to show that a measurement was taken.

Normalization

Concentrations normalized by salinity are used tiedys biological processes independent of variatioekted to

evaporation/precipitation. At global scales, it@nmon to apply &35 (Millero, 2007). In order to estimate seasdrexids

in our specific areas, we normalized to the meaolale salinity measured at 70 m depth in each, &ea 35.65 + 0.04,

35.83+0.04 and 35.91 + 0.02 gkipr the WMA, EMA and WGY, respectively. This cheiwill be further justified hereafter.
Important differences in the carbonate system redwoi take into account this normalization, whiaktifies its use for the
other variables, even if changes are relativelylisfeay., for nutrients).

Inventories

Inventories were calculated from the depth profdéshe discrete variables of inorganic and orgdid\, P dissolved and
particulate pools (see section 2.2) measured dthim@UTPACE cruise (Table 3) between 0 and 70 pthdd he latter depth
corresponded to the average deeper annual MLDragtaising climatology as explained above and stiowang. 2 (a, d, g).

The integrated fluxes were calculated considefiregseme depths.

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

The settling of particles in the water column cdesof the upper layer was measured using 2 PPSEeetraps (1

surface collection, Technicap, France) deployedifdays at 150 and 330 m at LD A (MA) and LD C (Wtations (Fig.

1). Particle export was recovered in polyethyldasks screwed on a rotary disk which allowed autarally changing the
flask every 24-h to obtain a daily material recgv@ie flasks were previously filled with a buffdrgolution of formaldehyde
(final conc. 2 %) and were stored at 4 °C aftetextion until analysis to prevent degradation & tollected material.
Onshore, swimmers were handpicked from each sarBghtling particulate matter and swimmers were batighted and
analyzed separately on Elemental Analyzer coupleahtlsotope Ratio Mass Spectrometer EA-IRMS (Irst2gSercon Ltd)
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to quantify total C and N. Total P was analyzedlescribed in section 2.2. The total element measemés for the settling

particulate matter were considered to represergetténg particulate organic C, N, P. The resaits presented Table 4.

Ocean-atmosphere CO- fluxes

Ocean-atmosphere GAuUxesPcoz = -ky * (Pcof™. pco®) were calculated considering 1) a megofk0.031 + 0.005 mol m
2yl patmt (i.e. 85 pmol nt d* patm?) for gas transfer velocity estimated from Liss amelivat (1986) relationship and sea
winds derived from satellite measurements (1999200Data came from Boutin et al. (downloaded from
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 signifidéf@rences were obtained ig for the 3 areas WMA, EMA and WGY),
2) a mean oceanieg, (pco?®) determined for each area during the OUTPACE eraig 3) a mean atmospherigp(pco™
estimated from the molar fraction of @Xcoy) in dry air measured at SMO station Tutuila (Arari Samoa, Lat 14.247°
S, Lon 170.564° W, north of LD B (Fig. 1), NOAA/EER data downloaded from http://dx.doi.org/10.72891834DB on
February 7, 2017). A monthly averagego¥= 398.4 ppm for March 2015 was used whereas¥aried from 396.0 to 398.4
ppm from July 2014 to July 2015 at Tutuila with @mual mean of 397.3 ppm. Theg$data were converted incg™™
considering 100% humidity and a total pressure afi (101325 Pa) following Weiss and Price (198ith surface seawater
temperature and salinity of each area (Table 5pt# pressure of 101260 + 180 Pa was determinesidering NCEP-NCAR
Reanalysis 1 on the OUTPACE area from July 2013utg 2015, with no longitudinal trend, justifying tonsider 1 atm as
total pressure for the conversion (downloaded fhitps://www.esrl.noaa.gov/psd/data/gridded/dataameanalysis.html on
December 19, 2017).

Upper layer (0-70 m) daily C, N, P, budgets

Comparative daily C, N, and P budgets of the ugj@em layer were established for each area (Tabllplits from below
associated with vertical turbulent diffusion wegdcalated using the mean vertical eddy diffusivitgd slopes of nutriclines
(Table 2) and DIC gradients calculated between@®+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 24N incubations (section 2.2). Both C, N, P particeiland dissolved organic
export were estimated. The way to obtain partieutatport by settling material (Table 4) was desatibbove. Output of
dissolved and particulate organic matter by tunbutiffusion was calculated from the mean vertmadly diffusivity (Table

1) and from gradients estimated with linear regoess(data not shown) between the surface and @depth of DOC-POC
(Fig. 5d-5g), DON-PON (Fig. 5e-5h) and DOP-POP (Big5i). When non-significant gradients were obéal, fluxes were

nil.

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

We sampled for OUTPACE during the stratified perotvdracterized by minimum MLDs close to 20-40 ng(R2a, 2d, 29),
where the largest part of biological fluxes (Fiyjo8curred. Because the only mechanism able tati$his stratification at
a large scale is deep water mixing occurring durimgter, and more specifically in July in this argag. 2a, 2d, 2g), we
postulated that conditions at 70 m depth (averagehdof wintertime MLD) remained unchanged, or dat significantly
change, all over the year. Considering no largeriahnual differences in winter MLDs, we considethdt the mean
measurements at 70 m depth during OUTPACE wellessprted the homogeneous upper water column (O-A@nables
and initial winter conditions (i.e. conditions ialy 2014) allowing to draw first-order winter toramer seasonal variations
(Table 7) and 8-month C, N, P budgets (Table 8¢ d&ashed lines in all Figs. 3, 4 and 5 indicateuhyger surface expected
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values for all variables during the 2014 austraitesi, and allow for evaluation of the temporal &tdn toward the austral

summer season (full lines) in each area.

Surface waters carbonate system climatology

The climatological gridded values proposed in Talshi et al. (2014), hereafter referred as NDP-0igdatology, were used
to validate our estimated values for the carbosgisgem in the upper surface previous winter comatti(July 2014). The
dataset is based on interpolateeb£° and calculated TA data (based on regional lineatergial alkalinity-salinity
relationships) on a 4° Latitude by 5° Longitude tidyigrid in the reference year 2005. The varidbl€ (among others) is
calculated from go°¢ and TA. Data were downloaded from http://cdiacdiss.Ibl.gov/ftp/oceans/NDP_094/ on December
19, 2017. Climatological July data centred on 20&%e extracted along the cruise transect and @d 3aixels were averaged
for comparison in the WMA, EMA and WGY areas, regpely (Table 5). In order to account for theppincrease at the
earth surface between 2005 and 2015, a constaet aff 1.5 patm:ywas applied tognz and a corresponding constant offset
of 1 umol kg' y* was also applied to DIC.

2.2 Analytical chemical methods

Oxygen and apparent oxygen utilization (AOU)

Oxygen concentration in the water column was meabwith a Seabird SBE43 electrochemical sensorfated with the
CTD unit. The raw signal was converted to an oxyg@mcentration with 13 calibration coefficients.eTimethod is based on
the Owens and Millard (1985) algorithm that hasrbskghtly adapted by Seabird in the data treatnseftivare using a
hysteresis correction. A new set of calibrationffioents has been determined after the cruisedst-process the whole
dataset. Only three coefficients (the oxygen sigihape, the voltage at zero oxygen signal, thesprescorrection 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 Ineatevith the signal measured by the sensor atidiseng of the Niskin
bottles. The three values were fitted by minimizthg sum of the square of the difference betweenkl®i oxygen and
oxygen derived from sensor signal. Winkler oxygenaentration was measured following the Winkler et (Winkler,
1888) with potentiometric endpoint detection (Oudbtal., 1988) on discrete samples collected wiiskiN bottles. For
sampling, reagents preparation and analysis, #tenmmendations from Langdon (2010) have been céydhllowed. The
Thiosulfate solution was calibrated by titrating@ainst a potassium iodate certified standardisolof 0.0100N (WAKO).
AOU was computed with oxygen concentration at sditom estimated following the algorithm proposeddarcia and Gordon
(1992) considering Benson and Krause values.

TA, DIC and pcoz*®

Samples for total alkalinity (TA) and dissolvediganic carbon (DIC) were collected from Niskin Ibegtin one 500 mL glass
flask (Schott Duran) and poisoned directly aftdtemion with HgC} (final concentration 20 mg:1). Samples were stored at
4°C during transport and analyzed 5 months afteretid of the cruise at the SNAPO-CService National d’Analyse des
parameétres Océaniques du £QOCEAN — Paris). TA and DIC were measured on $agne sample based on one
potentiometric titration in a closed-cell (Edmo@8;0). A non-linear curve fitting approach was ugeestimate TA and DIC
(Dickson 1981, DOE 1994). Measurements were cdédravith reference materials (CRM) for oceanic.@®easurements
purchased by the SNAPO-G@ Pr. A. Dickson (Oceanic Carbon Dioxide Qual@pntrol, USA). The reproducibility
expressed as the standard deviation of the CRM/sisalas 4.6 umol kgyfor TA and 4.7 umol kg for DIC. Moreover, the
standard deviation on the analysis of 12 replicatdiected at the same depth (25 m) at station L®a8 3.6 pmol kg for
TA and 3.7 umol kg for DIC. The Estimation of gb°° was made with the SEACARB R package [Gattuso amdgdbe,
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2009]. The dissociation constants&hd K (for carbonates in seawater) from Lueker et &0 were used. When available,

phosphate and silicate concentrations were usteinalculation.

-Nutrient, dissolved and particulate C, N, P pools
5 Total C, N, P (TC,TN,TP) in seawater samples magdparated in three pools: the dissolved inorg@nid, P pools (DIC,

DIN, DIP), the dissolved organic C, N, P pools (DAION, DOP) and the particulate organic C, N, PlpgBOC, PON,
POP). No significant particulate inorganic poole generally considered in open ocean waters.
Two samples for dissolved inorganic nutrient panasurements were collected from Niskin bottlea0smL Polyethylene
bottles and one sample was directly analyzed omebaad the other poisoned with 50ul Hg@0 g.L') and stored for

10 analysis after the cruise in the laboratory. DIfN®3] + [NO2] + [NH4*], sum of nitrate, nitrite and ammonium, respedsive
Because [N@] and [NH;*] were negligible compared to [NQ DIN = [NO3z]. DIP = [HPQ?] + [POs*] = orthophosphates
also symbolized as RONitrate, nitrite and orthophosphates concentratiovere determined on a segmented flow analyzer
(AAIIl HR SEAL ANALYTICAL) according to Aminot andKérouel (2007) with a QL of 0.05 umof*L Ammonium was
measured by fluorometry (Holmes et al., 1999; Tagtal., 2007) on a fluorimeter Jasco FP-2020 wifL of 0.01 umol L

15 1
The dissolved organic pools, DON and DOP, were oreasusing high-temperature (120 °C) persulfate-axélation
mineralization (Pujo-Pay and Raimbault, 1994). Sampere collected from Niskin bottles in 100 mindmusted glass bottles
and immediately filtered through 2 pre-combusteth(250 °C) glass fiber filters (Whatman GF/F, 25miltered samples
were then collected in Teflon vials adjusted ati0for wet oxidation. Nitrate and phosphate formeatresponding to total

20 dissolved pool (TDN and TDP) were then determinggeviously described for the dissolved inorggraols. DON and
DOP were obtained by difference between TDN and,2iMl TDP and DIP, respectively. The precision arwlracy of the
estimates decreased with increasing depth, asanimrgoncentrations became the dominant componeheitotal dissolved
nutrient pools. The limits of quantification weré@nd 0.05 pmol £ for DON and DOP, respectively. The same pre-filbra
was used for dissolved organic carbon (DOC) measemés. Filtered samples were collected into glasscpmbusted

25 ampoules that were sealed immediately after samyees acidified with orthophosphoric acidsf0s) and analyzed by high
temperature catalytic oxidation (HTCO) (Sugimura &uzuki, 1988; Cauwet, 1994, 1999) on a Shimad2G-L analyzer.
Typical analytical precision is + 0.1-0.5 (SD). Gensus reference materials
(http://www.rsmas.miami.edu/groups/biogeochem/CRMIhwas injected every 12 to 17 samples to instable operating
conditions.

30 The particulate pools (PON, POP) were determinéaguhe same wet oxidation method (Pujo-Pay andnRault; 1994).
1.2-L samples were collected from Niskin bottlepahtycarbonate bottles and directly filtered onfare-combusted (450 °C,
4 h) glass fiber filter (Whatman 47 mm GF/F). Fitevere then introduced in teflon vials with 20 oflultrapure water (Milli-
Q grade) and 2.5 mL of wet oxidation reagent fonemalization. Nitrate and orthophosphates prodweext analyzed as
described before. QLs are 0.02 pmdldand 0.001 pmol £ for PON and POP, respectively. Particulate orgaaibon (POC)

35 was measured using a CHN analyzer and the impranalysis proposed by Sharp (1974).

Primary production rates and DIP turnover times
Vertical profiles of DIC uptake (Mc) and phosphate turnover timep(d) have been measured once at each station using a
dual-labeling method{C and®P) considering &P period T2= 25.55 + 0.05 days (Duhamel et al., 2006). Eaatpsa (150-
40 mL polycarbonate bottle) was inoculated with 10 j@€i“C-Carbon (Sodium bicarbonate, Perkin Elmer NECOSEHIC)
and 4 uCi of3P-Phosphate (#?Q; in dilute hydrochloric acid, Perkin Elmer NEZ08A0AC). The bottles were then placed
in blue-screen-on-deck incubators representinZ536, 19, 10, 2.7, 1, 0.3 and 0.1 % incident R#tRs://outpace.mio.univ-

amu.fr/spip.php?articlel3%nd maintained at constant temperature usinghintmus circulation of surface seawater. The
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same protocol was used for duplicate 150 mL samphese 150 uL HgGI(20 g L) had been added as a control for non-
biological uptake. After 3 to 24 h (the optimal u@tion time was determined from a prior time-semxperiment),
incubations were stopped by the addition of 15®fuhon-radioactive KkPQ (10 mmol L) and dark conditions. Filtrations
of 50 mL triplicate subsamples were carried ou26rmm polycarbonate filters (0.2 pm), placed on-BéRurated support
GF/F filters, using a low-vacuum pressure < 0.3 bgilters were not washed with filtered seawatéh@end of the filtration,
but pressure was briefly increased to 0.6 bangrwve non-cellulai*P radioactivity from the filter. Filters were thplaced
in low-potassium 6 mL glass scintillation vials (@&ion) with 500 pL of 0.5 M HCI for 12 hours in erdo drive off any
unincorporated“C. Then, 6 mL of scintillation liquid (Ultima golV, Packard) was added and the radioactivity offilbers
measured using a scintillation counter PackardCarib® 2100TR on-board (first count). Initial raditigity was also
measured on 5 replicates for each profile. Sampégs then stored until the second count in therktooy after’*P emission
became not measurable (12 months). DIC uptake dRdtibnover time were then deduced from the follayvequations
(details in Thingstad et al., 1993; Moutin et 2002): Toip = -Ti/(IN(1-(dpn¥3P-dpmszn/dpmssr), where B is DIP turnover
time (in days), Ti is the incubation time, dpf is the dpm attributable to tA# activity, dpresseis the dpm attributable to
the blank and dpg@aeis the initial (total) activity of°P. Vbic= [(dpmt*C-dpmbisd/dpmuad * [DIC] / Ti where: Vpic is the C
uptake rate (nmol Lh), dpntC is the dpm attributable to tHéC activity of the filtered sample, dpmc is the dpm
attributable to the blank, dpmicis the initial (total) activity ot*C added to the sample, [DIC] is the dissolved inaig carbon
concentration of the sample, and Ti is the incamatime. The daily surface photosynthetic availablgiation (SPAR) data
were used to estimate the daily primary produci®i?) values from the PP rates obtained with sirogt incubation durations

using a conversion model (Moutin et al., 1999).

N fixation rates

N, fixation ratesvere measured using tF\ tracer method (Montoya et al., 1996) adapted aedigely described in Bonnet
et al. (this issue). Rapidly, seawater was coltbatetriplicates from the Niskin bottles in 2.3 Iolgcarbonates bottles at 6
depths (75 %, 54 %, 19 %, 10 %, 1 %, and 0.1 %asarirradiance levels), like for PP measuremenfsi2. of >N gas (99
atom%?*°N, Eurisotop) were injected in each bottle throtiggh septum cap using a gas-tight syringe. All bettiere shaken
20 times to facilitate thé®N. dissolution and incubated for 24 h from sunrisestmrise. To avoid any possible rate
underestimation due to equilibration of tf8l, gas with surrounding seawater, fifi#t°N enrichment in the Npool was
quantified for each profile in triplicates at 5 mdaat the deep chl a maximum (DCM). After incubatid2 mL of each 4.5L
bottle were subsampled in Exetainers, fixed witlCHgnd stored upside down at 4°C in the dark and/aedlonshore within
6 months after the cruise according to Kana €18P4) using an Membrane Inlet Mass Spectromateubation was stopped
by gentle filtration of the samples onto pre-contedg450 °C, 4 h) Whatman GF/F filters (25 mm ditaned.7 pum nominal
porosity). Filters were stored in pre-combustedglubes at -20 °C during the cruise, then drieg0atC for 24 h before
analysis onshore by EA-IRMS on an Integra2 (Seldol). The detection limit associated with the meament was 0.14
nmol L' d. The accuracy of the EA-IRMS system was systemaficaintrolled using International Atomic Energy Awmgy
(IAEA) reference materials, AIEA-N-1 and IAEA-310M addition, the natura*>N of particulate organic N needed fos N

fixation rate calculations was measured on eacfilp@t two depths (surface and DCM).

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

MLD against month in the climatology (Fig. 2a, 2a)) varied annually from around 70 m depth in Jllying the austral
winter to between 20-40 m during the austral sunfiorethe 3 areas. The OUTPACE cruise from 18 Fel3. Apr. (red lines)
sampled during the stratified period characterizgthinimal MLD and maximal SST (Fig. 2b, 2e, 2hyTSvaried from 24.2

8
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+0.21028.8+0.3°C,23.8+0.51t028.3+0.725.9+0.41029.0+ 0.4 °C between July 2014 Julgt 2015 for WMA,
EMA and WGY, respectively. Mean March 2015, SSP®&#8 + 0.3 °C, 28.3 + 0.7 °C and 29.1 + 0.4 °Cdose to the mean
conservative temperature measurements measurhd MUtD during the OUTPACE cruise of 28.9 + 0.3 29,3 + 0.3 °C
and 29.5 + 0.4 °C for WMA, EMA and WGY, respectiel' he mean conservative temperature measuremen@sm depth
were 25.3+0.3°C, 24.8+£0.9 °C, 26.1 £ 0.9 °OitMA, EMA and WGY, respectively (Fig. 3a). Thesawes are comparable
with the SST measured during the deeper winterngiii July 2014 of 24.9 £ 0.2, 24.2 + 0.7 and 2662 for WMA, EMA
and WGY, respectively (Table 5). Our hypothesisdasider limited exchanges allowing propertieséabnservative at 70
m depth seems reasonable for temperature. Expset@sbnal upper surface temperature variations laggdufrom the
differences between temperature at the surfacegnd m depth of 3.6 £ 0.6, 4.5 + 1.2 and 3.4 +*C3or WMA, EMA and
WGY, respectively, agreed relatively well with S@driations between July 2014 and March 2015 oft30%, 4.2 + 1.4 and
2.6 £ 0.6 °C observed (Fig. 2b, 2e, 2h). Follonengimilar reasoning, we established a relativelygdgecomparison between
chl a measured at 70 m depth during OUTPACE ofD20.092, 0.091 + 0.012 and 0.046 + 0.010 myfar WMA, EMA
and WGY, respectively (Fig. 3f), and SSchl a ol#diduring the deeper mixing of 0.173 + 0.005, 0.421023 and 0.042 +
0.002 mg n# for WMA, EMA and WGY, respectively (Fig. 2c, 2fj)2SSchl_a reflected well the expected oligotraphi
gradient with higher values obtained at WMA, lowafues at WGY and intermediate values at EMA. Ttoedase of SSchl
a observed in July seems related to the deep mdunigg winter. The comparison between measurensnt® m depth and
in the upper mixed layer during OUTPACE may be wsed first approach to characterize surface sahsbanges of physical

and biogeochemical properties of upper surfaceragsection 4.3).

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 cood#iduring OUTPACE provide the means to charaaehie oligotrophic
states of the different water masses sampled (TlgblEhe shallow austral summer MLD varied betwg&rand 34 m with a
mean of 16.7 m (SD = 6.4 m). The low variatiomisagreement with the relatively similar weatherditians and SST along
the zonal transect near 20° S (Moutin et al., 20IRA$ euphotic zone depth (EZD) and the DCM deptBNID) deepen from
west to east, from around 70 m to largely deepsn #00 m, indicating the higher oligotrophy of 8 gyre water compared
to the MA water. The DCM concentration decreasesifest to east but only slightly, from a maximui®.@0 to a minimum
of 0.25 mg 1. A better indicator of oligotrophic conditionstiee depth of the nitracline (@s) which varied between 46 and
141 m, typical of oligotrophic to ultraoligotrophareas of the world ocean (Moutin et al., 2012irtkég. 9). A relative
homogeneity of the slopesN& = 47.0 + 11.5 umol rf) was observed (Table 1). Phosphaclines and riitesctlid not match,
as shown by the lower 94 observed everywhere. No phosphaclines linked wjther water biological processes were
determined in the SP gyre because phosphate coatiens above the QL were measured up to the surfaes when
measurable, was 2.8 + 1.0 umot fTable 1).

The same characteristics are presented for thed3 @onsidered (WMA, EMA and WGY) in Table 2 byitimeeans and SD.
The DCMD (about 10-20 m below the EZD in all areiasyeased from 78 + 10 m in the WMA to 134 + 14mthe WGY,
with an intermediate value of 104 + 15 m in EMA\dafollows the same pattern, with values of 76 + 10160 + 18 m, and
116 + 18 m, respectively, showing a clear relatiimbetween DCMD and {3 (Table 2).

The 3 areas considered are characterized by sitrélagls of conservative temperature, absoluteigatind potential density
vs depth between 0-200 m (Fig. 3a, 3b, 3c), i.e@nogeneity in the mixed layer followed by a d@stiange at the basis of
the mixed layer and a break in slopes around 7@pthd Temperature increased from the deeper laydet surface where
higher temperature characterized the austral surheamg, while lower salinity above 70 m depthid¢ade significant fresh
water input from precipitation. The deepening @& t\CMD from WMA (dark green) to WGY (blue) with amermediate

value for EMA (light green) demonstrates the westlagastward gradient of increased oligotrophy (Bfyy.reflected as well
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as by correspondingngs (Dnoz= Dpin, See section 2.2) at similar depths (Fig. 5b)0G¥7integrated chl a decreased largely
from west to east along the transect, from 7.214n2y n? for WMA to 2.0 + 0.6 mg nifor WGY, with an intermediate value
of 4.6 + 0.7 mg nifor EMA (Table 2). When integrated over the top 20(o difference between chl a stocks were nadbiesa
with a mean value for the whole dataset of 19.94t8g n?.

AOU showed similar patterns in all areas with gldlidecrease from the surface to a minimum betve®ei0 m and an
increase below 70 m (Fig. 3e). The values closeeto for the first depths indicated saturation dight super-saturation
following classical rapid exchanges with atmosphestygen. The AOU values below, and up to, 70 rhath 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, P pools

The dissolved inorganic (upper), dissolved orgdmiadle) and particulate organic (below) C, N an¢le® to right) pools
are represented in Fig. 5. For N and P graphsdéidke ratio (RR) of 16:1 was systematically apglieetween N and P axes,
allowing for a more direct comparison. DIC in urkgl* (Fig. 4a), nDIC (normalized DIC) in umol ®dFig. 4c) and in pumol
L (Fig. 5a) showed linear increasing trends withtdep all areas between 70 and 200 m. The spegiii@tions of nDIC
close to the surface will be discussed later. Taltalinity increased rapidly with depth betweear@ 70 m and was more or
less constant below until 200 m (Fig. 4b). Nornedizotal alkalinity indicated no change in concatitn with depth (Fig.
4d), showing that total alkalinity variations wesdated to fresh water input. Surface$® was everywhere close or below
the average atmospherieqpof 383 patm (Table 5). Nitrate (DIN) was under the &krywhere in the upper surface until 70
m (Fig. 5b). Then the increase with depth (nitragjiwas almost the same in each area (similar s|&es) but did not begin
at the same depth (Bs) as was previously described. Phosphate (DIP) esttretions were largely higher than nitrate
concentrations (considering RR) everywhere exdegedo the surface at WMA and EMA where they readQL. High DIP
concentration around 0.2 umottlin the upper 70 m were observed at WGY (Fig. 5o depletion in DIP was higher in
EMA than in WMA (Fig. 5c). DOC, DON and DOP conaetions were higher close to the surface (Fig.5sd,5f) and
decreased almost linearly with depth until 200 rthvainly slight differences between the differergass, particularly for the
deeper depth measurements where ~50, 4, and 0.0 lphrof DOC, DON and DOP were measured, respectivehe T
concentration increases in the surface compardtktealues at 200 m depth corresponded roughlyoena 25, 1.5, and 0.1
umol L*of DOC, DON and DOP, respectively (in similar prajans to the RR for N and P, but more than 2-fuilgher for
C). The particulate organic C, N, and P pools stbsimilar patterns with depth between 70 and 20@uhdiverged in the
upper layer between the different areas (Fig. Bg55. No to little changes were observed at W¥levsignificant increases
in concentration close to the surface were obsebegh in WMA and EMA. The increases in surface watencentrations
compared to the value at 200 m depth corresponuleghty to changes around 5, 0.5 and 0.03 pmoblLPOC, PON and
POP, respectively (in relative similar proportiagaghe RR for C, N and P).

The 0-70 m depth inventories are presented in Tablieterestingly, there were really similar C $®m the 3 areas, both for
the dissolved inorganic and dissolved organic pobfe particulate organic C pool was 2 times loimeWGY than in the
MA. Very similar observations are obtained forlMlpools. Nevertheless, DIN stocks were negligiblall areas. DIP stocks
were different, and higher in the gyre. The othgoBls follow the same pattern as C and N po@saimost identical in the

3 areas concerning the dissolved organic pool aimdes lower in the gyre for the particulate pool.

3.4 C, N, Pfluxes

Some major fluxes, PP and Rixation rates together with DIP turnover timese ahown Fig. 6. All rates are largely higher
for WMA and EMA than for WGY, where values indicdtenly slight differences with depth. Converselgher PP (Fig. 6a)
and N fixation (Fig. 6b) rates were measured close ¢ostirface and rapidly decreased with depth reactegtigible values

10
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below 50 m and beyond for WMA and EMAg# values of around 100 days for WGY contrast withdo values for WMA
and EMA upper waters close to or even below 2 ¢Bigs 6c).

Particulate matter and swimmer mass fluxes colieetith sediment traps are presented in Table 4 WithN, and P
partitioning. Large variability exists between maasnents as shown by the minimum and maximum vableained.
Nevertheless, a mean particulate matter mass flag g d', three times higher in the MA compared to WGY, whtained,
in good agreement with the higher PPrates and ssrimathe MA compared to the gyre. Swimmer masseBuwere also
highly variable and represent, as a mean, 9.7 (fhih: max: 26.0) times more mass (dry weight) @er than the settling
particles in the MA, and 4.4 (min: 1.4, max: 7.iids for WGY. The mean proportion of C, N, and Rhia settling organic
matter of 106/12.7/1.2 for MA and 106/16.6/0.5WéGY are in relatively good agreement with the tiegioal 106/16/1 RR.
Note that it is also the case for C, N, and P priigas in swimmers both for MA (106/15.8/0.7) and3W (106/19.9/0.7),
particularly when P measured in the supernatantadaed to the swimmer (see * in Table 4). Otherwsey low and

improbable P contents were found in the swimmers.

4 Discussion
4.1 A significant biological carbon pump in the WT SP fueled by Nz fixation

We use the surface.g’ expected seasonal changes between austral witesuanmer in order to draw a first picture of the
role of the biological pump in the WTSP. Surface#ff is determined by temperature and salinity chargas,by processes
affecting the DIC and alkalinity concentrations, iethincludes gas exchange, the biological pumprétand vertical
advection, and mixing (Sarmiento and Griiber, 2006. will consider that the horizontal spatial scaléarge enough to
avoid considering lateral advection. Numerical honital particle experiments integrating several therof satellite data
using Ariane (Rousselet et al., this issue) togettith the relative homogeneity of SST along th@@®&m water transect
(Moutin et al., 2017) provides support for thisfiassumption. Furthermore, we will consider thatinfluence of salinity

changes on the “soft tissue” pump is negligiblgaserally considered (Sarmiento and Griiber, 2006).

Upper surface temperature variations between thd 2Qstral 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 wintezggf® were 372, 355 and
364 patm (Table 5). Following Takahashi (1993) alaltton (Apco ithermal= PcoX® + 0.0423¢ AT) considering a closed system
with constant DIC and Alk, we estimate an incraageo°° of +57, +68 and +52 patm following summer warnfimgWMA,
EMA and WGY, respectively. The seasonal warmingudhoesult in an ~60 patm increase @b$° which is not observed
for any group of stations, indeed the differenceg:b° were of 366 — 372 = -6, 376 — 355 = +21 and 3364-= +26 patm
between winter and summer for WMA, EMA and WGY, pestively (Table 5). The differences were obtairfexim
normalized DIC and Alk measured during the OUTPAE&se in the MLD, and estimated from the expectermalized
winter DIC and Alk. The lower than expectegbg® changes suggest that the seasonal variationsgf due to SST changes
are counterbalanced by a seasonal reduction db¢CGaand/or Alk changes. We can estimate this teymmemoving po2
changes due to thermal variation from the obsama{Apco ivic, aik = APco iobserved- APcoP itherma), resulting in -63, -47 and
-26 patm for WMA, EMA and WGY, respectively. Thegagive signs imply a decrease in DIC or an incréagdk between
winter and summer. When normalized, we do not olesany difference in Alk with depth (Fig. 4d), segting that seasonal
salinity changes due to large precipitation mayl@rpthe small change in Alk observed (Fig. 4b)efiéfore, the carbonate
pump does not seem to play a significant role &@WAT SP and consequently, we expect a major rdieedfsoft tissue” pump
and thus DIC variations. Considering a Revelledagic of 9.5, we calculate DIC changes of -35.8, -2&@ d.5.0 pmol kg

1 (ADIC = DIC/pco®Ybic + Apcopic,ak) Necessary to explain the changesdss{s observed. We observe indeed a decrease
in nDIC concentration of 32.9, 25.7 and 15.3 unwt able 5) for WMA, EMA and WGY, respectively (37.80.0 and
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18.7 umol L', Table 7, Fig. 5a) between the estimated wintercentration and the mean value measured during the
OUTPACE cruise that may explain the negative sagnd the order of magnitude of the DIC changes. Tésslt based on
estimated winter values is reinforced by the fhat vinter DIC from NDP-094 climatology of 2006.44, 2000.9 + 3.0 and
2004.7 + 9.9 umol k§ are really close to our estimates for winter ¢tos, 2007.5 + 3.0; 2009.6 + 9.6 and 2008.9 + 3.7
umol kg?, for WMA, EMA and WGY, respectively (Table 5). Télso showed good agreement, 2335.4 + 0.2, 2333.8
and 2343.4 + 8.6 umol Kgrom NDP-094 climatology, and 2332.4 + 5.0, 234#.48.5 and 2350.8 + 2.7 umol &gvith our
estimates for winter conditions. The differencesmdeen climatological g-°°and our estimates for winter conditions are
higher (Table 5) and can be related to differemeeemperature (SST from NDP-094 climatology, S&ihf MODIS Aqua,

T from our estimates). Ifqa°¢ are calculated from DIC and Alk (NDP-094 climamy) with SST from MODIS Aqua (361,
344 and 371 patm) or our estimated temperaturés @B and 368 patm), the values are really closait estimated winter
upper surfaceq° (372, 355 and 364 patm for WMA, EMA and WGY, respeely) (Table 5). Upper surface estimated DIC
seasonal changes may explain why counterintuiivedeasonal §@2°° changes were obtained despite significant inceeimse
temperature. What is therefore controlling the dase in nDIC? Is it gas exchange at the air-se&aue, mixing, and/or the
biological pump?

Gas exchange may be excluded because surfacepyai¥iranged 355-390 patm while thegg™™ is 383 patm with almost
no seasonal variations (Table 5). Therefore, sarfeaters are close to saturation at WGY or underated in the MA all
year and will uptake COfrom the atmosphere, and as a result DIC showd thcrease, which is not observed. Thus, our
observations are more biological in origin, butheee an inconsistency. The significant decreasdi€ (Fig. 5a and Table
7), indicating a significant biological soft tisspamp, coincided with no significant changes imaté concentration, which
were<0.03 umol *in all areas (Fig. 5b, Table 7) indicating no anast no nitrate input by deep winter mixing. Corsidg

the low nitrogen input by upward nitrate turbuldiffusion (see later), we have to consider anotiteogen source, Nixation
(Fig. 6b), which is really high in the upper watéithe WTSP, recently identified as a hot spotNeffixation (Bonnet et al.,
2017).

The estimated seasonal nDIBOIC) variations for the MA waters of 32.9 and 2%uol kg* for WMA and EMA,
respectively, can be compared to those measuredeanic gyre time-series sites. They are highar theADIC~15 pmol
kg'observed at the HOT station in the North Pacifiatsapical gyre near Hawaii (Dore et al., 2003) alude to theADIC~30
umol kg observed at BATS in the subtropical North Atlargice near Bermuda (Bates et al., 2012), widDeC is at least
partially attributable to nitrate from below (Saemio and Griber, 2006). Interestingly, the estichamplitude of surface
DIC seasonal change for the MA is only 2 times Ioth@n the around 50 pmol k@IC decrease measured between March
and April in the northern Atlantic (Merlivat et 22009), in an area known to experience a largerblof phytoplankton. The
biological “soft tissue” carbon pump, fueled almegtlusively by N fixation (see section 4.2), therefore plays aificamt
role in the WTSP.

4.2 A net sink of atmospheric CO2 mainly driven by zooplankton migration in the MA

Quantification of the major biogeochemical fluxe@saodaily basis allows for the establishment ofs@onclusions concerning
the upper biogeochemical cycles of C, N, and P lg'ép C-budgets of the 0-70 m upper layer shovired the MA area
appears as a net sink of atmospheric.@®@mospheric carbon input in the ocean was theonfajx in the WMA. Sediment
trap POC export was one order of magnitude higteem POC or DOC export by turbulent diffusion, whiepresented only
7-12 % of the total organic export. Without conside any additional flux, the budget resulted iswuprisingly daily net
accumulation of carbon of 0.9 mmoi4d* for WMA, and a quasi-equilibrium for EMA and WGNMote that the accumulation
at WMA resulting in an increase of only several hié d?, is largely below what we are able to measurbeptesent time,

and longer time scale are thus needed to obsed/stady the changes (section 4.3). Else we needptain the estimated
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net seasonal decreases of DIC in the upper sunfatss and of the total carbon pool between alisi(section 4.1, Table 7))
which implies that we probably missed an export,fparticularly for WMA.

Averaged integrated PP (IPP) rates were 33.3 % 28.24 + 16.2 and 6.5 + 2.4 mmofd* and export by settling and turbulent
diffusion (Table 6, in umol md?) represented only 1.2, 1.2 or 0.3 mmot tht, for WMA, EMA and WGY, respectively.
The organic matter exported daily compared to 1&ftasented 3.6, 4.5 and 4.6 %, respectively, ird gmpeement with
previous measurements in oligotrophic areas (Maatith Raimbault, 2002, Karl et al., 2012) with abhggoportion relative
to particles settling, 3.3, 4.1 and 4.1 %, rathantturbulent diffusion. Furthermore, no large @se in phytoplankton biomass
(chl @) was observed during the whole year in fheen surface (Fig. 2c, 2f, 2i). Chl a varied ongteen 0.05 and 0.20 mg
m?in the MA, suggesting a strong top-down controkbgplankton able to maintain pigment concentraitiom quasi-steady
state for many months (Banse et al., 2012). Thezefs has already been observed in the equaRaddic (Landry et al.,
2011), itis not unconceivable to consider an éopuiim between phytoplankton production and graziggnesozooplankton.
Both sediment trap data (Table 4, last column) ABECP measurements (not shown) indeed indicate lzogpelankton diel
vertical migration, the latter being widespreadhr ocean and forming a fundamental componentebtblogical pump
generally overlooked in global models (Bianchilet2013). The ADCP data clearly shows vertical maign from the upper
level depths down to around 500 m when light insesaat the 2 stations LD A & LD C, with the revensigration back to
the upper levels when light decreases. The obgdtv mesozooplankton is to feed at night in ordeavoid predators.
Additionally, while mesozooplankton spend halfloé time at around 500 m depth, they respire areldasbon. Around 25%
of their biomass in term of carbon is consideredeadost through respiration each day (lkeda, 2®&agano, pers. com).
Considering that half of this loss (12.5 %) happ&nS00 m depth following ingestion of the watelucon’s whole PP(new
biomass) in the upper surface, it may explain ffusg4.2, 3.3 and 0.8 mmolha?, largely able to significantly influence the
daily budgets (Table 6 in pumol “md?'). The estimated downward flux of carbon from thepletic zone due to
mesozooplankton diel vertical migrators was attleas order of magnitude higher than the 0.6-1.Ioh@nnT? d™* reported
for the equatorial Pacific (Zhang and Dam, 1998)t e mean C export by swimmers of 632 % (MA) 86 % (WGY)
relative to the passive flux measured (Table 4) alas largely higher than the 15-30 % reported a@DBA station (Al-
Mutairi and Landry, 2001). Furthermore, the numerspecies of mesozooplankton observed during OUEPAEre not all
known to migrate (Carlotti et al., this issue) dathperature dependence on metabolic rates (Ikédal) heeds also to be
taken into account (i.e. a slower respiration gitlen colder temperature). Even if considerableeutainty remains, a
predominant role of mesozooplankton in the transfearbon (biological pump) is suggested by ttdeta in the WTSP, and
particularly in the MA waters.

Except for the WMA area, there were no DIN gradiemtound 70 m depth and therefore no nitrate iffom below by
turbulent diffusion (Table 6). Nitrogen input by fixation was by far the largest input of new nifem (at least 83%) and
reached among the largest values measured evemnivhire open ocean (Bonnet et al., 2017; Caffal.ethis issue, Knapp
et al., this issue). A net daily accumulation dfagen is estimated for MA and equilibrium for WGXooplankton diel
migrations may also play a significant role in gail budgets through defecation, excretion or miytah depth (Caffin et
al., this issue; Valdes et al., this issue). Averhintegrated Mfixation rates were 0.64 + 0.21, 0.45 + 0.27 ar@#iGt 0.04
mmol m? d* for WMA, EMA and WGY, respectively. The really id\, fixation rates in the MA, compared to other areas
in the world (Bonnet et al., 2017), may provide tiiteogen required for primary production, creatthg necessary decrease
in pco to stimulate C@invasion.

The daily P-budgets of the 0-70 m upper layer shiblesses greater than inputs, in complete oppaositith daily C and N
budgets showing accumulation in the WMA (TableTs)is main observation indicates why this elementngared to carbon
and nitrogen, may rapidly become a limiting fadtr biological production and specifically of theput of nitrogen by N
fixation in the MA (Moutin et al., 2008). Nevertlesls, the mean particulate P export seemed relativgh (Table 6) and
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should be considered with caution considering tbgehrange of variation, from 0.6 to 68.9 pmof wh’, for only 8

measurements in the MA.

4.3 Estimated seasonal trends of the major biogeochemical stocks and fluxes

As already written, the dashed lines in all Figs4 &nd 5 indicate the upper surface expected sdbreall variables during
the 2014 austral winter, and allow for evaluatiéthe temporal variation toward the 2015 austrahsier season (full lines)
in each area corresponding to the OUTPACE dataset.strong hypothesis allowing this first-orderirastion of seasonal
variation was presented in section 2.1, validave®ST and chl a variations in section 3.1, andvsho give good agreement
with upper surface DIC expected seasonal changefidn 4.2).

Conservative temperature (Fig. 3a) increased eveyey but more for WMA and EMA than for WGY, whdbsolute salinity
decreased everywhere. Potential density values siemiéar in each area at 70 m depth. Similar megptlts of convection
were estimated for the three areas (min of 68 hbat and max of 73 m at LD C), and justified theanevalue of 70 m taken
into account for the whole OUTPACE area. The ramidhanges of oxygen between ocean and atmosphememmted
significant seasonal changes in the upper surfeicg 8d, 3e). The vertical homogeneous chl a camnagon expected in
winter (Fig. 3f) was shown to be in good agreenvétit climatological SSchl a (section 3.1). Partiwd relatively high chl a
concentration estimated in July 2014, specificalWMA, is likely linked to enhanced vertical wimtsnixing from the DCM.
The seasonal C, N, and P pool changes may be fedlamconcentration in Fig. 5 but are easier toudis as 0-70 m water
column inventories (Table 8). As previously indedtDIC decreased in all areas but more in the thest in the east (Fig.
5a), following the already described oligotrophradjent clearly shown both in biomass (Fig. 3f) amdPP (Fig. 6a). The
DIC decrease was partially compensated by the aserén organic concentrations, with the increasehef dissolved
concentrations (Fig. 5d) being larger than theipaletes (Fig. 5g). No increase in the particulzdiebon concentration was
found for WGY. The decrease of TC (representingstima of all pools) between winter and summer irtéidahat 68.1, 61.9
and 68.3 % ofADIC were lost from the upper layer, i.e only 3138,1 and 31.7 % accumulated in the organic C piools
WMA, EMA and WGY, respectively (Table 8). Therefporganic matter accumulation may partly explainywdrge input
of atmospheric carbon did not result in DIC accuatioh in the MA waters. It may partly explain whettotal carbon pool
decreased so much seasonally. Following the RR, d@itdeases of 236, 198 and 109 mmdImight be expected from the
DIC decreases. Indeed, the DIN decreases were érotth mmol n?, which is in concordance with very poor DIN
replenishment of the upper water column. Conversetyeases of the PON stocks on the same orderghitude as the RR
predicts from POC stocks for WMA and EMA were oleer(12.0 and 7.3, compared to RR = 6.6), with alkFON decrease
for WGY. The largest increases for the organic pawtre for the dissolved phase in all areas (T&pI®OC accumulation
was 3.8 and 8.1 times higher than POC accumul&iow/MA and EMA, respectively. Only DOC accumulatdWGY, but
with a change two times lower in magnitude thathe MA waters (Table 8). A relative stronger disgal organic carbon
production compared to particulate production maydached in oligotrophic areas, depending largellight and nutrient
availabilities (Carlson, 2002). In oligotrophic ase characterized by low export of particulate niganatter, relatively large
dissolved organic matter production, and heterditiopacteria often limited by nutrients (Van Wamée al., 2002), DOC
may accumulate (Copin-Montégut and Avril, 1993; kfan et al., 2005, Pujo-Pay et al., 2011), whicimdeed observed
(Fig. 5d). Dissolved organic carbon accumulatiached 391, 445 and 220 mmofmver 8 months (Table 8) which dispersed
over 70 m gives a mean 8-month accumulation of ZDand 3.0 umol-Lfor the 0-70 m water column. These values, while
lower, are of the same order of magnitude of DO@ceatration changes observed in the upper mixeatdanf 10.1, 9.3 and
5.0 pmol L* for WMA, EMA and WGY, respectively (Fig. 5d, Tablg. Interestingly, the western SP was recentlyshas
a localized refractory dissolved organic carboik ¢ittansell and Carlson, 2013).

No significant DIN inventory changes were obsenagile large increases in the DON stocks and sinhilgrelatively lower

increases were observed for the PON stocks for Vi EMA (Table 8, Fig. 5e, 5h). The TN evolutionsveanet increase
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of inventories between winter and summer, of 49 &hdmol n? for WMA and EMA, respectively. No significant chges
of the N pools were observed at WGY (Table 8, Blg.5e, 5h). A decrease of DIP stocks was obsarvéte MA waters
between the winter and summer, with no signifiaztrange for WGY (Table 8). Following the RR, DIP dmses of 14.7,
12.3 and 6.8 mmol mmight be expected from the DIC decreases. IndkedDIP decreases were less, 5.9 and 3.1 mmol m
2 for WMA and EMA, and no decrease observed at WEYe DIC decreases are probably only partially egldb the DIP
decreases in the MA. As for C and N, the largegapic P inventory increases were for the dissoplase (Fig. 5f, Table 8).
Nevertheless, the changes were close to the SDIatdd for the mean concentrations and should bsidered with caution.
As an example, the 1.8 mmotZincrease in DOP concentrations for EMA (Table &yesponds to the difference between
11.6 + 1.1 mmol m during winter and 9.8 + 2.0 mmol-hduring summer. Note that the SD reported is thgimam SD
calculated at each season (Table 8). Small or nredses in the organic P pools were observed fo¥ WEgally, it is clear
that seasonal C losses were not compensated byio@gEbon accumulation in the 0-70 m layer. Theneforganic carbon
production, which represents by far the largest ifftueach area, should be linked with an efficexyport from the upper layer,
not directly related to RR.

We now try to connect the seasonal variations dilCand P stocks with the estimated C, N, and #e#fun order to draw
first-order budgets and characterize the main sedsends in the WTSP. Our very simple model ab&rs an instantaneous
winter mixing followed by 8 months (240 days) of NI, and P fluxes at the same rates as the meanmegasured during the
OUTPACE cruise. All fluxes expressed in mmof and corresponding to the 8-month period definaty @014-March 2015)
are synthesized in Fig. 7. Accumulation rates agsgnted inside the boxes and input and outpue$laxitside the boxes with
arrows for direction (+ for input, - for output)h& X value corresponds to the flux necessary tchreguilibrium in each box.
The main question is still how can we explain thegé DIC losses in all areas whereas we got afgigni DIC input by
winter convection and turbulent diffusion, low expof organic matter by settling or turbulent d&fan, and a g2°° lower
than or equal to thecp™ meaning a DIC enrichment by atmospheric excharagesfurthermore no significant input of DIN
from below in the 0-70 m upper layer?

The source of new N required to sustain new PReaxly 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 ®Pvof 7.94, 6.34 and 1.56 mot4for the 8-month period in the WMA,
EMA and WGY, respectively. A new productien5% is typical of strong oligotrophic conditions ¢gMtin and Raimbault,
2002) while above 5% is related to more productingas or areas with high fixation rates (Karl et al., 2012). Taking into
account the fact that the previous values are foo8ths only, we can estimate annual productioriiéf 116 and 28 gC'm
2yt for WMA, EMA and WGY, respectively, close to theeaage rate of 170 gC-fry ! reported for the ALOHA station in
the North Pacific central gyre (Karl et al., 199@)d to the 86-232 gC fry range reported for the Mediterranean Sea at the
DYFAMED site (Marty and Chiavérini, 2002), known @lgjotrophic areas.

Having found the source of new N, in order to anstive question regarding DIC losses, a first hypsifimay be to consider
episodic high export of matter, in complete corgtadn with our initial postulate. We cannot comiglly discard this
hypothesis specifically because no seasonal dataailable at the present time and also becausedip yet large export
fluxes have already been reported in other oligitio areas (Bottjer et al., 2017). Nevertheless,rdative constant chl a
concentration during the entire period consideretthé upper water column (Fig. 2c, 2f, 2i), wherastof the production is
likely to occur (Fig. 6a), preferentially suggestatively constant production and therefore expedrthermore, the C, N,
and P proportions of the X fluxes (Fig. 7) in akas are completely different from RR, even in ppasite sense for P (Fig.
7c, 7f, 7i), suggesting that such C fluxes weredictly related to organic matter settling.

A second hypothesis considers a major role of zotgtbn migration in the transfer of carbon. It se¢hat it is the only way
to explain significant C losses with proportiondiiyver N losses and no P losses (Fig. 7). If, esadly suggested, a quasi-
steady state between phytoplankton and zooplanktoductions is considered, which means that |P@®tally grazed by
zooplankton, and that 12.5% of the carbon wasdpgiooplankton respiration during its stay in depiien we found C losses
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of 993, 793 and 195 mmol-ffor that period. These numbers are of the samenituaig order than the X values of 1274, 821
and 426 mmol M determined from seasonal C budgets (Fig. 7a, @d,Because the C lost in that case, by respiraifon
independent from N or P losses, it may explaindiserepancies observed between the C, N and Psflttas, together with
the observed zooplankton migration through ADCR dééfinitely suggests that zooplankton may bespgmderant actor in

the transfer of carbon from the upper layer toitierior of the ocean in the WTSP.

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

The western SP is known as an iron rich area (Véeld., 1999). Iron concentrations measured duheddIAPALIS cruises
near New Caledonia (M. Rodier unpubl. data in Van Broeck et al., 2004) were higher than conceatratreported in the
sub-tropical North Pacific (Landing and Bruland8I9. Average iron concentrations of 0.57 nmdlwere reported in the
upper surface waters of the WTSP (Campbell eR@D5), higher than the ~0.1 nmol imeasured in the upper 350 m water
column of the SP gyre (Blain et al., 2008). The &quial Undercurrent, which originates near PapeaKBuinea, close to
New Caledonia, is known to be a source of irorhim $P Ocean (Wells et al., 1999; Ganachaud e2Qil7). Nevertheless,
atmospheric deposition fluxes of iron are very @wuce and Tindale 1991, Wagener et al., 2008). igu®UTPACE, the
apparent contradiction between low atmospheric siéipn of iron and high surface water iron concatitm was solved. The
high iron average concentration within the phaigelr in the MA (1.7 nmol £) compared to WGY (0.3 nmot1) was shown

to be related to an influence of hydrothermal sesirat shallower depths than commonly associatddwsitanic activities
(Guieu et al., in revision) confirming the importanof hydrothermal contribution to the oceanic inoventory (Tagliabue et
al., 2010; Tagliabue et al., 2017). Iron is a majomponent of the nitrogenase enzyme that catalyzdixation (Raven,
1988). The high iron concentration likely alleviathe iron limitation of M fixation in the WTSP, again considered as a hot
spot of N fixation (Bonnet et al., 2017).

Phosphate turnover timeif) represents the ratio between natural concentratiol uptake by planktonic species (Thingstad
et al., 1993) and is considered the most reliatdasurement of phosphate availability in the uppeaa waters (Moutin et
al., 2008). Phosphate availability in the MA, claesized by DIP < 50 nmol-Land Tope reaching below 2 days, is largely
lower than in the SP gyre with DIP concentratioowa100 nmol t* and Toie in the order of magnitude of months (Fig. 6¢)
as already reported (Moutin et al., 2008). Phospaeaailability, as well as primary production, wsh®wn to follow the same
seasonal patterns close to New Caledonia in the $dggesting that in this iron-rich area known tetain high N fixation
rates, phosphate may appear as a key factor clamgrobrbon production (Van den Broeck et al., 200ddeed, a seasonal
pattern of phosphate availability with higher val{eow DIP, High Bie) related to winter mixing and lower value (Higher
DIP, Lower Toip) during the stratified period was suggested tarobiirichodesmium spp. growth and decay in the SP near
New Caledonia (Moutin et al., 2005). A# below 2 days was shown to be critical Torchodesmium spp. growth (Moutin

et al., 2005). B below or close to 2 days was measured in the Mgeuwvaters during the OUTPACE cruise (Fig. 6c) and
Tor as low as several hours was measured at LD Bostatid has been related with the strong biomasspadifically
Trichodesmium spp. decline observed at this station (de Vewetail., 2017). With g around or even below 2 days, the MA
appears as a low P area during the stratified géniicating a probable role of phosphate availghiih the control of nitrogen
input by the nitrogen fixers. The higher iron aghility in the MA is probably the main factor allowg N: fixation to occur,
and phosphate availability the main factor conimgllits rate. A B of 2 days corresponds to the lowest value repated
ALOHA station in the NP (Table 2 in Moutin et &008) where phosphate availability is considereglay a dominant role

in the control of nitrogen fixers (Karl et al., I8%Karl, 2014). i reached several hours which is closest to thepitaie
availability of the Mediterranean Sea or the SasgaSea known for a long time for their phosphaticidacy (Wu et al.,
2000; Moutin et al., 2002). While phytoplankton dreterotrophic bacterioplankton may appear N-lichifédan Wambeke et
al., this issue; Gimenez et al., this issue), dwedvailability of phosphate in the upper watethef WTSP during the stratified
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period likely controls the biomass of nitrogen fixand ultimately the input of nitrogen by this gees. In a recent mesocosms
experiment, large increases in fikation rates, PP rates and carbon export wetairdd after a DIP enrichment of WTSP
waters (Berthelot et al., 2015). Nevertheless, rsg¢w@ays were necessary to measure significaneases indicating that
regular short term experiments to establish nuttiemtation as usually operated (Moore et al., 20Imay not be relevant in
WTSP conditions (Gimenez et al., 2016).

The high DIP low DIN (excess P or high P*) contefivater was suggested to be a preliminary cond#itowing N\: fixation

to occur (Redfield, 1934; Capone and Knapp, 20@&UtEch et al., 2007), and is a characteristic dasa waters of the South
Equatorial current flowing from the east to the tieshe SP due to intense denitrification relaiedne of the main OMZ
(Oxygen Minimum Zone) area in the East Pacific (Spdti et al., 2001). The alleviation of iron limiion when waters
originating from the east reach the WTSP was ceneitlas the main factor explaining the hot spdt.dfxation observed in
the OUTPACE area (Bonnet et al., 2017). The stratrgcline and phosphacline depth differences (&4b) associated with
winter mixing down to around 70 m, allows us tareste a replenishment of DIP on the order of magigtofADIP (5.9
mmol m? for WMA and 3.0 mmol m for EMA; Fig. 7c, 7f) largely above the verticapiut by turbulent diffusion (around
0.7 mmol n?) together with no DIN replenishment. Alone, th€4® fluxes may support Nixation of 94.4 and 48.0 mmol
m2 during this period (following RR), on the orderrofgnitude of the fluxes of 154 and 108 mmdl calculated for WMA
and EMA (Fig. 7b, 7e), respectively. While horizainadvection of high DIP low DIN waters from the §fre toward the
iron-rich WTSP was suggested to create the enviemtah conditions favourable for diazotroph growto(tin et al., 2008;
Bonnet et al., 2017), we here suggest that loeda®al winter mixing may also play a significarlerim providing excess P
to the upper waters, and therefore in controlliitgogen input by N fixation and therefore the associated carbon cycle
Phosphate availability appears, in the high iron,M#the ultimate control of the biological carlpprmp. The simulations of
the main C, N, and P fluxes at LD A and LD C usingDV model with similar physical forcing strengthibe idea of strong
seasonal variations being able to explain the obafr\; fixation and carbon fluxes by the availabilitypifosphate (Gimenez

et al., this issue).

4.5 Toward reconciliation between simulations and obser vations?

During the past 10 years, global biogeochemical ehsiinulations suggested relatively high fixation in the SP gyre and
low fixation in the western part of the Pacific @og(Deutsch et al., 2007; Gruber 2016) in conttamficwith the little data
then available. While the decrease in P* towardcrgtre of the gyre observed during the BIOSOPESer{ETSP toward the
central gyre 10-30°S in latitude) corresponds &ottend observed by Deutsch et al. (2003)fiétion in the simulation, with
minimum values found on the edge and maximum valoesd in the centre of the gyre, was contrary o @bservations
(Moutin et al., 2008). The highNixation expected in the ETSP, because “downstreB@®MZs, surface waters that initially
carry a surplus of phosphorus (because of subsudewitrification) lose this excess gradually tlylol\; fixation” (Deutsch
et al., 2007), was not confirmed by isotopic budd&mnapp et al., 2016) suggesting an elusive ma¥intéxation (Griber,
2016). The discovery of a hot spot of fixation in the whole WTSP covered by the OUTPAZ&hsect and other cruises in
the Coral Sea (Bonnet et al., 2017) allow us tosimter a larger spatial coupling between denitrifadaand N fixation than
previously thought (Deutsch et al., 2007). Taking iaccount the role of iron to allow (or not) fikation to occur, seems
indispensable for the reconciliation between simos and observations (Dutkiewicz et al., 2012;nké@ro et al., 2011,
Weber and Deutsch, 2014). Indeed, these new modedfforts have identified the WTSP as a uniquéoregith conditions
seemingly favourable for significant.Nixation fluxes (Knapp et al., this issue). Intgtirgly, the opposite trends between
expected M fixation and P* observed during the BIOSOPE cruasel possibly attributed to non-Redfieldian proesss
(Moutin et al., 2008) may be rather due to horiabatvection and isopycnal mixing of water masgsggirating from the
WTSP and therefore marked by a strong signatunetedfise N fixation (High N* corresponding to Low P*) (Fumenét al.,

this issue), in an opposite sense than the morekwelvn and studied influence of water masses nthbea strong signature
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of intense denitrification originating from the OMXoshikawa et al., 2015). Furthermore, the deemenf isopycnals from

the east to the west SP (Yoshikawa et al., 201Beffia et al., this issue) suggest a deep2B@ m) influence of excess P
waters from the SEC in the MA, deeper than preVjobgpothesised (Moutin et al., 2008; Bonnet et 2017). Because

isopycnal mixing influence is below the maximum g depth estimated in the WTSP70 m), the link between N sink in
the east and N source in the west imply longer 8o@es than the one associated to surface cimuldthe N budget of the

SP Ocean is of prime interest to understand theiexfty, at the present time, and in the futurethef oceanic biological

carbon pump. Getting the budget requires a preagislerstanding of the general water mass circulatibich suffers at the

present time from a lack of data, specifically dgrivater mass formation (Fumenia et al., this issue

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 rssegy N to sustain the biological soft tissue carpomp allowing
oceanic po?® < pcof™ in the MA and therefore significant atmospheridnput. Thanks to B fixation, the WTSP is a
significant atmospheric carbon sink. We suggest zbaplankton diel vertical migration at around 580depth, and their
respiration at depth, may significantly contribtdethe transfer of carbon from the upper surfadgdéoocean interior.

The upper surface waters of the MA sampled duttiregstratified period were characterized by a DI&ilakility close to or
below the level required for phosphate sufficiengitjich contrasts with observations in the centadifc gyre at the same
latitude. We confirmed the geographical trend ofifation of N fixation in the SP, from an iron limitation in tleast and
central SP Ocean, to a P limitation in the wese it was clearly shown to be associated withltiveer depths of the MA
where sufficient iron was provided to upper surfaegers to alleviate iron limitation of-Nixation, probably by hydrothermal
sources at anomalously shallow depths. Extrapgdtiese data in order to obtain seasonal trends/slls to show that
winter vertical mixing, although limited to 70 mpth, may bring sufficient excess P to allow mosNeffixation to occur.
Additionally, more excess P may be locally providedthe upper surface (where; Nixation was shown to occur
predominantly) by winter mixing than by horizontashnsport from areas of excess P formation (OMZ. pkeviously
hypothesized (Moutin et al., 2008), the low avallgbof phosphate in the high iron upper watersttoed WTSP during the
stratified period likely controls the biomass ofrogen fixers and ultimately the input of nitrogey this process, and the
biological pump.

The SP Ocean deserves special attention becaitsehafje volume of water where the N budget islyike be controlled by
N lost in the east (denitrification) and N gaintire west (N fixation). Furthermore, both diazotrophy and defiation are
known to undergo drastic alterations due to clintdtznge. Our data suggest that one better tak@datiount the role of iron
in global biogeochemical models, in order to bet&moncile simulations and data, which seems tthbeprerequisite to
understand at the present time the relationshipd®t N sources and sinks in the SP Ocean. Moreitveil| be of great
interest to study future scenarios which considen coming from below (hydrothermal sources) rattiam from above
(atmospheric source) in the WTSP and in the whBl®©8ean. Changes in fixation following changes in dust (iron) supply
have been suggested to play a central role in exptapast glacial/interglacial changes in £€ncentration and earth
temperature. It was considered thatfidation on a regional scale would change gloli@bgen availability and the biological
carbon pump on the time scale of ocean circulafibe. direct link between Nixation and carbon export through zooplankton
diel migration and respiration proposed here fer\iT SP, hot spot of Nixation, allows for a much closer coupling betwee
N fixation and the biological carbon pump, which mayurn require us to consider changes at shtirter scales like the
one associated with climate change. The low P abitity may appear as the ultimate control of Nunhpy N fixation and

therefore on the efficiency of the biological pumpghe MA.
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Table 1. General physical and biogeochemical charatics of the stations investigated along theTBBWCE transect
presented by columns : (1) Short duration (SDpaglduration (LD) station; (2) Station number; (3)D-rosette humber;
(4) MLD: Mixed layer depth (m); (5) EZD: Euphotioze depth (m); (6) K Mean 40-200 m vertical eddy diffusivity ¢rd
b; (7) K, error (n? d1); (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
2); (12-24) B, eD;, S, S, Nx and §% characteristics of nutriclines (depths in m whidf@; or PQ reaches zero and slopes

in umol m* with associated errors, N: number of samplestferinear relationship?t correlation coefficient). QL:

Quantification limit; nd : no data; nc : not calatdd (linear relationship not established); natrient above QL at surface.

Chla Nitracline Phosphacline
sation  CTP MLD EZD ooy o (o gy|DCMD DCMC 10-70m 10-200m |Dyoy €Dyos  Sicn €S0 12 | Deos €Doos  Shou €So, "
number  (m)  (m) (m) (mgm?) (mgm?) (mgm?) |(m) (m) (umolm?) (umoln’) (m) (m) (umol m*) (umol nr*)

SD 1 out_c_006 12 70  9,37E-06  1,10E-05 88 0,40 5,0 18,p 73 8 53 93 097 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, 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-(¢ 71 0,32 8,4 219 65 11 39 9 3 096 11 3 53 0,6 3 0,99
SD 4 out_c 070 12 70 7,15E-06 8,26E-06 62 0,49 9,2 19, 54 15 24 3 5 0,96 22 18 2,0 0,5 3 095
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, 118 6 6 5 11 3 0,96 40 10 19 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 7 7 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-(6 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-96 103 0,28 4,2 84 112 1 64 1 3 1,00 nc nc nc nc nc nc
SD 11 out_c_098 13 90 7,01E-06 8,37E-96 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-P6 94 0,33 51 188 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-(6 74 0,35 7,8 22, 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 P97 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 09 na na na na na na
SD 14 out_c_209 13 110 3,49E-06 4,11E-p6 155 0,25 2,1 8L 120 50 3 5 0,9 na na na na na na
LD 15 out_c_212 19 116 3,06E-06 2,45E-§6 131 0,26 2,7 20, 102 45 7 4 0,9 na na na na na na
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Table 2. General physical and biogeochemical cheriatics for the 3 selected areas presented lwd: (1) western
Melanesian Archipelago (WMA), eastern Melanesiaohpelago (EMA), western gyre (WGY) with the copeading
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 aDEVD (mg m®); (8 and 9) Ichl a, Integrated (0-70 m) and (0-290
total chl.a concentration (mg# (10-13) B, Sc: characteristics of nutriclines (depths in m whif@; or PQ reaches zero
and slopes in pmol M. QL: Quantification limit; na: nutrient above @it surface.

Chla Nitracline Phosphacline

MLD EZD K, DCMD DCMC 10-70m 10-200m Dyo;  Sis  Dros  Sos
(dbar) (dbar) (m2dt) (m) (mgm?®) (mgn?) (mgm?) (m) (umolm?) (m) (umolm?)

6 70 0,79 78 0,33 7.2 202 76 53 20 3.5
WMA (SD 1,2,3 LD A) “ean
5 0 034 10 0,05 2,1 10 10 10 7 1,2
15 87 044 104 0,29 4,6 191 100 51 44 22
EMA (SD 6,7,9,10) Mean
5 6 015 15 0,01 0,7 28 18 11 14 03
Mean 23 115 031 134 0,28 2,0 19,0 116 47 na na

EGY (SD 13,14,15 LD C)
SD 9 5 0,05 14 0,03 0,6 1,1 18 5 na na

10
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Table 3. Mean integrated 0-70 m C, N, and P paold (7?) during the OUTPACE cruise (austral summer perfodthe 3
selected areas: western Melanesian Archipelago (WMa@stern Melanesian Archipelago (EMA), and westgire (WGY).
Dissolved inorganic (Dl), dissolved organic (DOyaarticulate organic (PO), C, N and P, respegtivel

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
sb 03 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
sb 0,6 0,07 0,02 0,001 0,017 0,002 0,0011 0,0010 0,0001
Mean 141,9 5,35 0,09 0,000 0,378 0,015 0,0101 0,0136 0,0010
sb 04 0,08 0,01 0,000 0,045 0,001 0,0012 0,0020 0,0001

EGY
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Table 4. Sediment trap data. Minimum, maximum aedmwvalues of particulate matter and swimmer mased, C, N, P
and Redfield ratio (RR) from particulate matter amdmmers (Zoo). * P calculated from the RR withling the P
measured in the supernatant. Last column: parteutetter and swimmers mass flux ratio. MA: Melaae#\rchipelago,
WGY: western SP gyre.

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

mgDW d*  mgDW d pmol m? d* c N P pmol i d* c N P P mass flux ratio
MA  Min 14 69 241 22 06 106 98 03 2994 492 4 22 106 124 00 0.2 0,7
(N=8) Max 122 403 3084 395 689 106 154 29 11742 1653 26 55 106 202,6 011 26,0
Mean 48 219 1092 136 185 106 12,7 1,2 6903 961 14 36 106 158 027 0, 9,7
WGY  Min 7 24 138 20 04 106 112 0,2 609 75 2 5 106 131 02 05 1,4
(N=8) Max 28 148 385 59 2,1 106 20,4 08 4552 1067 16 28 106 252 05 09 1 7
Mean 17 76 266 41 1,1 106 166 05 2330 473 8 15 106 199 03 07 4,4
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Table 5. Molar fraction of CO(Xcoy) in dry air measured at SMO station Tutuila (Arari Samoa, Lat 14.247° S, Lon
170.564° W, see Fig. 1; Source: NOAA/ESRL) andwstiatmosphericda. (pco™™). Mean values for the carbonate
system, measured in the mixed layer depth (MLD)nduthe OUTPACE cruise (summer conditions), measate’0 m
depth (estimated winter conditions) and NDP-09#hatblogical data (Takahashi et al., 2014). Ocealiticatological po:
(pco2™) are given for different estimations of winter genature (SST from NDP-094, mean T at 70 m dejoifm 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 splibMiA: western
Melanesian Archipelago, EMA: eastern Melanesiarhifzelago, and WGY: western SP gyre sampled duthiag t

OUTPACE cruise.

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,*"(March 2015) patm 383,0 382,7 382,5
CcT °C 289 03 293 03 295 04
S 350 01 351 0,2 351 0,1
Mean values measured in the MLD (austral summeditimoms, March 2015) nDIC umol kg' 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
NPeo® patm 366 11 376 8 390 6
CcT °C 253 02 248 08 262 09
S 355 00 357 0,0 357 0,0
Mean values at 70 m (estimated austral winter MioRditions) nDIC umol kg 2007,5 3,0 2009,6 9,6 2008,9 3,7
nAlk pmol kg' 2332,4 5,0 2344,1 6,5 2350,8 2,7
NPeo® patm 372 10 355 15 364 8
Austral winter (July 2014) temperature at surfawaf MODIS Aqua SST °C 249 0,2 242 0,7 265 0,2
SST °C 239 00 244 01 251 0,1
SSS 355 00 355 0,0 356 0,1
Mean climatological austral winter values at suefgitom Takahashi et al., 2014) DIC pmol kg* 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
Peocat surface patm 344 1 345 4 349 7
Mean climatological austral winter.B,°° at surface calculated with different temperaturgsfmm OUTPACE, mean CT at 70 m depth _patm 366 353 368
SST from MODIS Aqua patm 361 344 371

30



Biogeosciences Discuss., https://doi.org/10.5194/bg-2017-565
Manuscript under review for journal Biogeosciences
Discussion started: 10 January 2018

(© Author(s) 2018. CC BY 4.0 License.

Table 6. 0-70 m upper layer comparative C, N, Bydaidgets in the 3 selected areas (western Meaméschipelago
(WMA), eastern Melanesian Archipelago (EMA), andsteen gyre (WGY)) sampled during the OUTPACE crifjsmol m

2 gy,
WMA EMA EGY
C N P C N P C N P

INPUT Dissolved inorganic turbulent diffusion 426 46 2,8 198 0o 10 200 O 0,0
Atmospheric CQ exchange or Nfixation 1675 642 negligible 825 452  negligible 0 41  neiblig

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
5 BUDGETS 859 540 -16,6 -143 309 -17,9 -85 0 -11
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Table 7. Estimated temporal evolution of surfacggbbochemical properties between austral winter gag)summer (below)
in umol L presented by columns: (1) Mean measurements it d@&th during OUTPACE were considered to represent
the homogeneous upper water column (0-70 m) varsadohd initial winter conditions (i.e. conditiomsJuly 2014). The
summer conditions were those observed during th€ PACE cruise (March 2015) represents the summer — winter

5 conditions differences. (2) Selected area: wes#elanesian Archipelago (WMA), eastern Melanesiaohipelago (EMA)
or western gyre (WGY). (3) Mean or standard dewsratiSD), (4 to 15) Dissolved inorganic (Dl), dissed organic (DO),
particulate organic (PO), and total (T), C and M &nrespectively. All variables were normalizedite 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 2055,1 67,5 1,6 2124,2 0,00 5,06 0,38 5,44 0,142 0,125 0,022 0,289

SD 3,0 4,4 0,5 0,00 0,38 0,06 0,030 0,024 0,005
) Mean 2057,5 68,9 2,32128,7 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
ggy Mean 20562 742 14 2131,8 0,01 552 0,24 577 0,142 0,182 0,0150,339
Sb 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 11 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 0,010,009
10 EGY -18,7 50 -0,2 -139 -0,01 -0,02 -0,03 -0,06 0,008 0,0@8002 0,014
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Table 8. Estimated temporal evolution of (0-70 ogkeochemical inventories between austral winter ssimmer in mmol
m? presented by columns: (1) Mean measurements @t d@th during OUTPACE were considered to reprethent
homogeneous upper water column (0-70 m) variabiddratial winter conditions (i.e. conditions inlyi2014). The
summer conditions were those observed during th€ PACE cruise (March 2015) represents the summer — winter
conditions differences. (2) Selected area: wedtglanesian Archipelago (WMA), eastern Melanesiaohipelago (EMA)
or western gyre (WGY). (3) Mean or standard dewsratiSD), (4 to 15) Dissolved inorganic (D), dissed organic (DO),
particulate organic (PO), and total (T), C and M &nrespectively. All variables were normalizedhte 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 04 -3,1
sD 209 307 33 0,0 35,6 41 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
sD 298 162 14 0,9 51,5 1,3 1.4 2,6 0,1
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Fig. 1. Transect of the OUTPACE cruise (18 Feb.p8. 2015) superimposed on a bathymetry map (GEBO®4 2yrid) of
the Western Tropical South Pacific Ocean. The ypes of stations, short duration and long duratima,indicated together
with the stations chosen to represent 3 selectsisathe western Melanesian Archipelago (WMA irkdaeen), the eastern
Melanesian Archipelago (EMA in light green) and western 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) agaim®nth in climatology (a, d, g), sea surface terapee (SST) (b, e, h)
and chl_a (c, f, i) against months from July 2044uly 2015, respectively, for (a, b, c) the wastdelanesian Archipelago
(WMA), (d, e, f) the eastern Melanesian Archipel§gMA) and (g, h, i) the western SP gyre (WGY).

Fig. 3. Vertical profiles of (a) conservative temgeire (CT in °C), (b) absolute salinity (SA in g%, (c) potential density
(Sigma in kg %), (d) dissolved oxygen ¢n pmol kgb), (e) apparent oxygen utilization (AOU in umoland (f) chl.a
(mg m®) versus depth (0-200 m) in the 3 distinct areaspdead during the OUTPACE cruise: the western Medane
Archipelago (WMA in dark green), the eastern Mekae Archipelago (EMA in light green) and the west8P gyre (WGY

in blue).

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 @gaoh during the
OUTPACE cruise: the western Melanesian Archipeld®A in dark green), the eastern Melanesian Arclaige (EMA in
light green) and the western SP gyre (WGY in blue).

Fig. 5. Vertical profiles of normalized (n) C, N,data against depth (m). Dissolved inorganic (Bigsolved organic (DO)
and particulate organic (PO) C (a, d, g), N (heand P (c, f, i), respectively, in umot Lfor the 3 distinct areas sampled
during the OUTPACE cruise: the western Melanesiashivelago (WMA in dark green), the eastern Mel@areérchipelago
(EMA in light green) and the western SP gyre (W@&Yiue).

Fig. 6. Vertical profiles of (a) primary producti¢RP rate in nmolC L d?), (b) N; fixation rate (nmolIN t* d') and dissolved
inorganic phosphate turnover timesplin days on log scale) against depth for the 3irdistareas sampled during the
OUTPACE cruise: the western Melanesian Archipel@yA in dark green), the eastern Melanesian Arcliige (EMA in
light green) and the western SP gyre (WGY in blue).

Fig. 7. C, N, and P estimated budgets in the O-Z@ater column during the 8-month period betweermpdmmvection in July
2014 (austral winter) and strong stratificationMiarch 2015 (austral summer) for the 3 distinct areampled during the
OUTPACE cruise: the western Melanesian ArchipeldA, top), the eastern Melanesian Archipelago (EM#Addle) and
the western SP gyre (WGY, bottom). C budgets (da,7g), N budgets (7b, 7e, 7h) and P budgets (7¢i)¢ Dissolved
inorganic (DI), dissolved organic (DO), and parkita organic (PO) C, N, and P fluxes are consideredpectively.
Atmospheric exchanges limited to ¢@enetration and Nfixation are indicated. All fluxes are expressadrimol m? (of
elemental C, N, and P, respectively) with arrovaidating direction (input or output). The 2 numbfensthe particulate fluxes
correspond to fluxes by turbulent diffusion (abomey particle settling (below). Estimated accunolatates for the same

period are indicated inside the boxes.
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