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Abstract. The overall goal of OUTPACE (Oligotrophy to UlTedigotrophy PACIific Experiment) was to obtain a
successful representation of the interactions betvptanktonic organisms and the cycle of biogel@ments in the western
tropical South Pacific Ocean across trophic andixXétion gradients. Within the context of climatieange, it is necessary to
better quantify the ability of the oligotrophic @eto sequester carbon through biological procesSesIPACE was
organized around three main objectives which wétg:To perform a zonal characterization of the bimchemistry and
biological diversity of the western tropical Solrhcific during austral summer conditions, (2) Tudgtthe production and
fate of organic matter (including carbon export) thmee contrasting trophic regimes (increasing attigphy) with a
particular emphasis on the role of dinitrogen fiomf and (3) to obtain a representation of the ndgeochemical fluxes
and dynamics of the planktonic trophic network. Tiiternational OUTPACE cruise took place betweerfF&Bruary and 3
April 2015 aboard the R\W'Atalante and involved 60 scientists (30 onboard). The weest-transect covered ~4 000 km
from the western part of the Melanesian Archipel@igew Caledonia) to the western boundary of thetls®acific gyre
(French Polynesia). Following an adaptive stratetg, transect initially designed along the® B parallel was adapted
along-route to incorporate information coming frasatellite measurements of sea surface temperathierophyll a
concentration, currents, and diazotrophs quantifinaAfter providing a general context and desagbprevious work done
in this area, this introductory paper elucidates dibjectives of OUTPACE, the implementation plartt@ cruise, water
mass and climatological characteristics, and cafeduith a general overview of the other paperswliabe published in

this special issue.

1 General context

The additional carbon dioxide (GDin the atmosphere, mainly resulting from fossiélf emissions linked with human
activities (anthropogenic G is the main cause of global warming (Fifth Asseent Report - Climate Change 2013 -
IPCC). The ocean has acted thus far as a majordSiaathropogenic CO(Sabine et al., 2004), preventing greater,CO
accumulation in the atmosphere and therefore gréateease of the Earth’s temperature. The biokgiwmp (Fig. 1), the
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process by which carbon (C) is transferred fromupper to the deep ocean by biological processesides the main
explanation for the vertical gradient of C in theean. Its strength and efficiency depends upordhgplex balance between
organic matter production in the photic zone asdémineralisation in both the epipelagic and meksmic zones. Before
present and for tens of thousands years, the boabgump was thought to be in an equilibrium statth an associated
near-zero net exchange of €with the atmosphere (Broecker, 1991; Murnane .etl899). Climate alterations then started
to disrupt this equilibrium and the expected madifion of the biological pump will probably considely influence
oceanic C sequestration (and therefore global wagmin future decades (Sarmiento and Gruber, 2006¢. long term
decrease of phosphate availability, and the shofnfpreviously nitrogen (N) to phosphorus (P) leditprimary production
associated with increasing inputs of N by dinitnoghl,) fixation observed at the Hawaii Ocean Time Sefi¢®T) station
in the north Pacific gyre (NPG) (Karl et al., 19%arl, 2014), appear as a first example of biolabmump alteration.

The input of new N to the surface ocean througHobioal N, fixation represents a major link between the C &hd
biogeochemical cycles, relating upper ocean nutrgemilability with the biological pump, and ultinedy the ocean and
climate. This link was recently shown to play a teainrole in previous natural climate changes oleerg time scales
(Galbraith et al., 2013). It is nevertheless cléat expected climate change due to anthropogemiospheric CQ input
may concern shorter time scales: the increasentdsgiheric CQover the past 200 years equals the increase afsptmeric
CO, between glacial to interglacial periods, whichkgbace over several thousands of years (SarmemioGruber, 2006).
Furthermore, enhanced stratification in the trolparad subtropical ocean resulting from global wamgn{Polovina et al.,
2008) might decrease nutrient availability suchigste (NQ), potentially favouring Blfixation in surface waters. It may
also decrease phosphate availability (Moutin et26108), and in turn Nfixation, net primary production and export (Karl,
2014). McMahon et al. (2015) covering the past 196@rs, argue that JNfixation has increased since the industrial
revolution, and might provide a negative feedbackiding CQ.

The ecosystem changes due to climate change areleorand it is therefore necessary to charactenzéetail the
interactions between Nfixation and the C cycle to obtain a precise reen¢ation of the Nfixation process in global
biogeochemical models, leading eventually to pitéstis. Even if considerable scientific progress baen made over the
last decades (see reviews from (Sohm et al., 208y, and Kudela, 2011), many questions remain diégauthe impact of

this process on biogeochemical cycles and C export.

2 Therole of N fixation in the oligotrophic ocean and an overview of previous cruises in the western tropical South
Pacific Ocean (WTSP)

The efficiency of oceanic C sequestration depepds umany factors, among which is the availabilityotrients to support
phytoplankton growth in the photic zone (Fig. 1arge amounts of N are required for phytoplanktamaghn, as it is an
essential component of proteins, nucleic acids @hdr cellular constituents. Fixed N in the formN®s;- or ammonium
(NH," is directly usable for growth, but concentrati@me low (<0.1 pmol 1) in the oligotrophic ocean and often growth



Biogeosciences Discuss., doi:10.5194/bg-2017-50, 2017
Manuscript under review for journal Biogeosciences
Discussion started: 28 February 2017

(© Author(s) 2017. CC-BY 3.0 License.

10

15

20

25

30

limiting in most of the open ocean euphotic zonalK&wski et al., 1998; Moore et al., 2013). DissulvN, gas
concentrations in seawater are in contrast veri ligthe euphotic zone (ca. 450 umat)land could constitute a nearly
inexhaustible N source for the marine biota. Howgwoaly some prokaryotic organisms (Bacteria, Cyrmuteria, Archaea)
hereafter referred to as ;Nixing organisms’ (or diazotrophs) are able to tiis gaseous N source since they possess the
nitrogenase enzyme that breaks the triple bond dsgivthe two N atoms of the, Molecule, and converts it into a usable
form (i.e. NH) (Zehr et al., 1998). At the global scale, thepvyide 140 + 50 Tg N per year to the surface ocean,
contributing more than atmospheric and riverine nyuits (Gruber, 2004). MNixing organisms thus act as ‘natural

fertilizers’, and contribute to sustain life andgmtial C export in coastal and oceanic environsient

Most of the ocean (60 %, Longhurst, 1998) is cosgatiof low-nutrient, low-biomass oligotrophic areakich constitute
the largest coherent ecosystems on our planet. 3iygyort a large part (40 %) of the photosynth@tiexation in the ocean
(Antoine et al., 1996). This C fixation is mainlenformed by picoplankton (smaller than 2-3 pm iandéter) that are
generally thought to represent a negligible fractid the total particulate organic C (POC) expduk fdue to their small
size, slow individual sinking rates, and tight gmnazontrol that leads to high rates of recyclingtlie euphotic zone.
Consequently, the efficiency of the biological Qmguin these oligotrophic systems has long beenidered to be low as
the greatest proportion of fixed C is thought to feeycled in the surface layer and rapidly re-exgeal with the

atmosphere.

Recent studies have challenged this view and iteliteat all primary producers, including picoplamkt cells, contribute
to export from the surface layer of the ocean &sr@roportional to their production rates (Riclsardand Jackson, 2007).
Export mechanisms differ compared to larger cedlexport of picoplankton is mainly due to packagimg larger particles
via grazing and/or aggregation processes (Jack€f1; Lomas et al., 2010). More recently, Closalef2013) pointed out
that 40-70 % of picoplanktonic cells are small egioto escape detection under the most common tefirof suspended

particulate organic matter (POM).

Besides submicron POM export, I@#N signatures in particles from sediment traps atHIDT station suggest that at least
part of the production sustained by fikation is ultimately exported out of the photione (Karl et al., 2012; Karl et al.,
1997; Scharek et al., 1999a; Sharek et al., 199Btis may either be direct through sinking of di@aphs, or indirect,
through the transfer of diazotroph-derived N to-déazotrophic plankton in the photic zone, thasubsequently exported.
Karl et al. (2012) reported an efficient summeraxplux of C (three times greater than the meantevtime particle flux)

at the HOT station that was attributed to the diexort of symbiotic BHixing cyanobacteria associated with diatoms
(hereafter referred to as diatom-diazotroph astioos or DDAS), which have high sinking and low iaeralization rates
during downward transit. This result is in accomamith high export fluxes measured in the tropNatth Atlantic when
the diazotroph community is dominated by DDAs (Smbaniam et al., 2008; White et al., 2012). Moreengly, (Berthelot

et al., 2015; Bonnet et al., 2016a) studied the édta bloom of unicellular diazotrophs from GraDgUCYN-C) during a

3
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mesocosm experiment in the New Caledonia lago@n afphosphate enrichment and revealed that ~10U&%¥N-C from
the water column was exported to the particle tdgily, representing as much as 22.4+5.5 % of kel POC exported at
the height of the UCYN-C bloom. &N budget performed in the mesocosms confirmed gh bontribution of N
fixation (56 %, Knapp et al., 2016) to export comguato other tropical and subtropical regions whertve N fixation
contributes 10 to 25 % to export production (e.ljatet, 1988; Knapp et al., 2005). Mechanisticalhg vertical downward
flux was enabled by the aggregation of the smalf8.8 um) UCYN-C cells into large (100-500 pm) @ggtes. In
addition to direct export of diazotrophs, the ugenanoSIMS (nanoscale Secondary lon Mass Spectrgmehabled
tracking the fate of°N from both Trichodesmium (Bonnet et al., 2016b) &ICYN blooms (Berthelot et al., 2015; Bonnet
et al., 2016c), and demonstrated that a signifif@ution of N originating from Mfixation is quickly transferred to non-
diazotrophic plankton, in particular diatoms (iefficient C exporters to depth, (Nelson et al., 3)98uring Trichodesmium
blooms (Bonnet et al., 2016b). This reveals thafihdtion can fuel large-size non-diazotrophic [Km growth in the water
column, suggesting an indirect export pathway gaaic matter sustained by fixation in the oligotrophic ocean. Most of
the above-mentioned studies were performed in mims and mesocosms and further open ocean staiiésning the

set of complementary approaches described aboveead®zd to better assess the fate dixdtion and its role on C export.

The western tropical south Pacific (WTSP) is araidecation to study this question, as it is comsédl a hot spot of N
fixation in the world ocean (Bonnet et al., In ReWhile average Nfixation rates range from 20-200 pmol Ndt in the
tropical North Atlantic (Benavides and Voss, 2028 Pacific (Béttjer et al., 2017; Dore et al., 2))Ghey reach 30-5400
pumol N m?d* (average ~800 pmol Nfd?) in the Solomon Sea (western part of the WTSPYttRéot et al., Submitted:;
Bonnet et al., 2009; Bonnet et al., 2015), whichithe upper range of rates reported in the gldhdixation MAREDAT
database and even surpassed its upper rates (0004hl N nf d) (Luo et al., 2012). High rates ranging from 161763
umol N m? d* have also been reported off New Caledonia (Gartci., 2007), with seasonal variations closelidih with
phosphate availability (Moutin et al., 2005; VanrDBroeck et al., 2004). The seasonal distributidorNe fixation is
corroborated byn situ and satellite observations (Dupouy et al., 201f1)ecurrent large Trichodesmium blooms during
austral summer conditions (January-March) overl®@8-2010 period in the Melanesian archipelago (MAw Caledonia,
Vanuatu, Fiji Islands). In addition to Trichodesmi which dominates the diazotroph community in €SP (Moutin et
al., 2005; Berthelot et al., Submitted; Bonnetlgt2015), very high abundances of UCYN-B (up t&®7 nifH copies L)
have been reported (Bonnet et al., 2015; Campbell ,€2005; Moisander et al., 2010). The uncutedaUCYN-A (Zehr et
al., 2008) also displays high abundances (105-1®6aopies L, (Bonnet et al., 2015; Moisander et al., 2010uatbthe
MA, but they seem to have different ecological B&ltompared to Trichodesmium and UCYN-B (Bonnealgt2015;
Moisander et al., 2010).

When going eastward towards the South Pacific (8M), Halm et al. (2012) have reported rates ofL®2-pmol N rif d*
on the western border of the gyre and Raimbault@artia (2008) and Moutin et al. (2008) reportegsaf 60 + 30 pmol
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N m? d* in the central gyre, indicating a decreasing gmtof N, fixation from west to east and low, Nixation rates
relative to other ocean gyre ecosystems. The swganresponsible for these fluxes are different fommmon autotrophic
diazotrophs such as Trichodesmium or UCYN-B, anel mmainly affiliated with heterotrophic proteobaernnd low
abundances of UCYN-A (Bonnet et al., 2008; Halralgt2012).

The west to east zonal gradient of fikation and the distinct diversity of Mixing organisms along this gradient together
provide a unique opportunity to study how produttimineralisation and export of organic matter aejseupon N fixation

in contrasting oligotrophic regimes (from oligotigpto ultra-oligotrophy). Comparisons between d#f@ systems along a

zonal gradient of trophic status and fikation will provide new insights for identifyingnd understanding fundamental

interactions between marine biogeochemical C, Njliea (Si), and iron (Fe) cycles in oligotroplgicosystems.

3 Objectives of OUTPACE

The overall goal of OUTPACE was to obtain a preaspresentation of the complex interactions betwgkamktonic
organisms and the cycle of biogenic elements (& N5i, Fe), considering a variety of scales, fingle-cell processes to
the whole WTSP Ocean. To meet this goal, the thpeeific objectives of OUTPACE were the following:

1) To perform a zonal characterization of the bamemistry and biological diversity of the WTSP idgrthe strongest
stratified period (austral summer),

2) To study the production and fate of organic emafincluding C export) of three contrasting enmiments (from
oligotrophy to ultra-oligotrophy) with a particulamphasis on Nfixation,

3) To obtain a satisfactory representation of tr@nnbiogeochemical fluxes (C, N, P, Si, Fe) and diggamics of the
planktonic trophic network, both situand by using microcosm experiments.

The detailed study of biological production andst$sequent fate at a given site implied a comioinaif adaptive and
Lagrangian strategies. Indeed, as pointed out@®yidio et al. (2015), the spatiotemporal domaimefoceanographic cruise
is also one in which horizontal stirring generateg ocean circulation at the mesoscale induces gtra@riability in
biogeochemical tracers' distributions. Consequerfihemeral and local gradients due to mesoschlétyacan easily mask
the large-scale gradients. Following d'Ovidio et(2015), this problem can be overcome by adopimgdaptive sampling
strategy (described in Sect. 4.1.) based on infooma@n sea surface temperature (SST), chloroghf¢hl a) concentrations

and currents provided by satellite products analymeeal time during the entire cruise.

4 Implementation of the OUTPACE cruise

The OUTPACE cruise was conducted during australnsentonditions from 18 February to 3 April 2015patd the RV
L’Atalante We performed a ~4,000 km zonal transect fromNbeth of New Caledonia to the western part of @,

finally reaching French Polynesia (Fig. 2). Alohgsttransect, two types of stations were samplBdD “short duration” (8

5
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h) stations dedicated to a large-scale descritfdriogeochemical and biodiversity gradients; am@¢ LD “long duration”

(7 days) stations for Lagrangian process studies.

4.1 Adaptive strategy

Following the planned adaptive strategy, the ihitiansect designed to approximatively follow 19W8&s modified along-
route thanks to the information coming from satelimages, as follows. The regions along the vesagke were first
characterized at large scale through the analybisatellite (Altimetry, SST, Ocean color) data. $eedata were
automatically retrieved and processed to deriveefiart and Lagrangian diagnostics of ocean cirautatand
biogechemistry: Okubo-Weiss parameter maps, LagganGoherent Structures (LCS), and chl a maps (di@\et al.,
2015).

The satellite data was treated in near real tim&pd and the obtained data were transmitted orddtogether with a daily
bulletin containing the analysis of remote sensirigrmation, along with suggestions for LD statjositions (the complete

series of the 42 bulletins is available on the OBWTE website athttps://outpace.mio.univ-amu,fsection “Adaptive

Strategy”).

Two main criteria were adopted in suggesting LDictepositions:

1) The areas for the LD A and LD B (LD C) statiomsre characterized by local maxima (minima) of segace chl a
concentration to sample MA (GY) conditions, and

2) Local minima of surface current intensity fol laD stations, to increase the chance of samplifig@ogeneous water
mass.

Once the suggested positions for LD stations wel@yed via the daily bulletin, at one of these tmres real time analysis
of water samples by quantitative Polymerase ChaiacRon (qPCR) was conducted to measure abundahsesgroups of
diazotrophs (Stenengren et al., this issue). Is tiy, we located regions with diazotrophs, whilso aresolving the
contrasting role Trichodesmium spp. or UCYN-domatktliazotroph communities have on biogeochemicakesy

Finally, the exact locations of the three LD statiavere then determined on board in real time feorapid survey using a
Moving Vessel Profiler (MVP) equipped with condwity-temperature-depth (CTD) and fluorimeter sessaccompanied
by the hull-mounted thermosalinograph and acoitigpler current profiler.

During this rapid survey, it was planned to follomo different sampling routes: a cross of aboukdDeach side, followed
by a Zig-Zag route covering an area of 25 km eadé at the centre of the cross. This strategy vpadied as planned for
the LD A and LD C stations.

The LD A station was performed east of the northertremity of New Caledonia in an anticyclonic reaiation
characterized by a relative high surface_chl a eotration. The LD C station was performed in a ey eddy in the most
oligotrophic part of the OUTPACE transect (GY) @ds Cook Islands.
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The severe meteorological conditions due to theeldgwnent of tropical cyclone Pam (a category 5msjathat hit the

Vanuatu Islands, obliged us to perform the LD Bistaat a more easterly location than initially pied. Satellite imagery
allowed for the targeting of a large filament ofifnisurface chl a concentration close to Niue Isldhee to the circulation
patterns associated with the bloom, the rapid susteategy was adapted in order to perform fouttiees across the
structure (see details in de Verneil et al., thgie).

SD station positions were chosen in relation to ltBestations, so that they were roughly equidistsom each other,

respected territorial waters, and incorporateccttenging conditions during the cruise.

4.2 General programme at each station

Every station (Table 1) was investigated from tindase to 2000 m.

SD stations

Each of the 15 SD stations was investigated for 8gecific operations during the SD station ocdopatonsisted of:

(1) Two 0-200 m CTD casts and Niskin bottle sangpkmd one 200-2000 m CTD cast and Niskin bottlepdiaugy using the
classical SBE 9+ CTD-Rosette (C-R) for measuremehtore parameters (dissolved oxygen, dissolvedgamic carbon,
total alkalinity, nutrients, chl a, Particulate asidsolved organic C, N, P and Si) and some moeeiip ones (for example
primary production rates, Nixation rates and diazotroph abundance). A Makiigeo Profiler (UVP) was attached to the
CTD-rosette to quantify and visualize suspendetiquaate material;

(2) One 0-500 m CTD cast and bottle sampling uttiegTrace Metal Clean SBE 9+ CTD-Rosette (TM-R)igoed with 24
teflon-lined GoFlo bottles to sample for trace rietmalyses;

(3) Optical sensors casts: Integrated measurenwnigo-optical properties and pigments were madth wistruments
measuring hyperspectral radiometry in the UV-Visidbmain with UV-VIS Trios spectroradiometers, anlllicroPro free-
fall profiler (Satlantic) was used for downwardadiance measurments.

(4) Hauls for phytoplankton and zooplankton sangpliith specific nets; and

(5) A profile of turbulence measurements using aRA00 equipped with microsensors for temperatuck srear that

enable accurate estimates of the eddy diffusioffic@nt Kz.

The specific configurations of the two CTD-Rose#es available heréuttps://outpace.mio.univ-amu.fr/spip.php?article137

LD stations

Each of the three LD stations was investigated witlrifting array (see below) that was deployed#atays. A series of
CTD (C-R) casts (0-500 m) were performed everyrar the actual position of the drifting array whilumerous specific
operations (see below) were carried out in betw&ED casts.

A total of 13 Surface Velocity Program (SVP) drifeanchored at 15 m depth were deployed in ordestudy relative
surface dispersion. The drifters were launched thitee at LD A, six at LD B and four at LD C. A fiimng array (equipped

7
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with three PPS5 sediment traps, current metersifapexygen sensors, and specific high frequeraygderature sensors;

please consultttps://outpace.mio.univ-amu.fr/spip.php?articleftf details) was then deployed at the chosen ostati

position to start the process study. The driftingya was recovered at the end of each LD stati@upmeation, immediately
following the last CTD cast. An additional CTD cé&sm surface to bottom (5000 m) was undertakehet D B station.
Specific operations during LD stations were ideaitio those performed at SD stations, along witteobperations likén
situ production measurements situ particulate material sedimentation measuremerasetmetal clean pumping for
process experiments, and profiles of current measents. Finally, at each LD station, a drifting \Rmetype ARGO float
(ProBio equipped with sensors to measure_chl ardscence), CDOM (fluorescence), PAR, Irradiancd aavelengths,
backscattering and dissolved oxygen (optode)),degdoyed (Table 2).

The following color code was proposed to presemd di@m the different LD stations: LD A green; LDrBd; and LD C
blue.

All details regarding the OUTPACE cruise are a\ddaon the OUTPACE web sitbttps://outpace.mio.univ-amu.fr/

The general scheduled and realized programmes aravailable here:  http://www.obs-
vifr.fr/proof/php/outpace/outpace log_and_basiesfibhp

5 General characteristics of the upper water massesin the WTSP

Water characteristics (temperature, salinity, dgnshl a fluorescence) for the upper 700 m as omeasby the C-R are
presented in Fig. 3. The deep CTD casts from allaBB LD stations are presented subsequent to paisecprocessing
using Sea-Bird Seasoft software adopting the TEQStandard. The upper surface layer (0-30 m) okseduring the
OUTPACE transect was characterized by warm wategith temperatures between 26.18 and 29.93 °C (8&), and
relatively low salinity, i.e. absolute salinity beten 35.03 and 35.81 g kqFig. 3b). Density anomalies of 21.72-22.91
kg.m* between 0-30 m increased gradually between 30280dm to reach 24.89-25.38 kg°ngFig. 3c). The salinity
increase of subsurface waters (100-200 m) from \WBTSngitude (Fig. 3b) indicated the geographicatder between
waters under the influence of the MA (SD1 to SDagyl waters from the GY (SD13 to SD15, LD C). LD Bsanot
classified here and required a further analysisMdmeil et al., this issue). The classificationvieen MA and GY waters
will be helpful to describe general biogeochemaad biological features. Between 200 and 700 necasdsing gradient of
temperature and salinity indicated the presengeeahanent thermocline waters. Temperature fell fic@h27-22.08 °C at
200 m to 5.48-6.91 °C at 700 m (Fig. 3a). Absokatnities of 35.76-36.21 g Kgat 200 m decreased to 34.49-34.61 g kg
(Fig. 3b). The density anomalies of 24.89-25.38kyat 200 m increased largely to 26.97-27.13 kan700 m (Fig. 3c).
The maximum fluorescence depth, considered hetfeeamain indicator of the trophic state, increafseth ~100 m depth in
the MA waters to ~115-150 m depth in the GY waterkich allowed us to sample the oligotrophic taagdtigotrophic
transition in the WTSP for the purpose of the OUTIHAproject.
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6 The climatological context of the campaign

The OUTPACE cruise took place in the WTSP, a regiopacted by the EI-Nino Southern Oscillation (ENSkhown to
be the most important mode of SST variability oefirannual to decadal time scales (Sarmiento anthésy 2006). ENSO-
related SST anomalies are caused by a combinafiehanges in ocean circulation (mainly changeshim dtrength and
5 source of equatorial upwelling) and anomalous laiakea heat exchanges. The most dramatic ef(dcEINSO in the
surface ocean are well documented in the EastespidPacific, where seasonal upwelling conditions be suppressed
with severe economic consequences for fisheriesa€h et al., 2003). During EI-Nifio phases (negat8authern
Oscillation Index (SOIl), defined below), the warmop normally positioned in the Western Pacific @rid farther east,
resulting in the aforementioned suppression of divgeconditions off Peru. La Nifia, the oppositeapl with positive SOI,
10 reverses this situation. After decades of inteisgys ENSO is still an active field of research K&hashi et al., 2011).
Given the known importance of ENSO for the TropiBaluth Pacific, it is worthwhile determining in whiclimatological
conditions the cruise was performed. To achieve gioal, we identified years of opposing ENSO pleasst analyzed the
corresponding WTSP conditions with available siitetlata. ENSO phases were identified using thetnfptime series of
Southern Oscillation Index (SOI) provided by NCH#tg://www.cpc.ncep.noaa.ggudownloaded 5 December 2016). The

15 SOl metric uses differences in standardized seal lair pressure between Papeete (Tahiti) and Dafirstralia) to
represent ENSO phase as previously mentioned. THEPBCE region lies between these two locations .(FAYy
highlighting again ENSO'’s possible influence on theise.

WTSP conditions were estimated with SST and suréit@ concentration measured by the MODIS Aqualliat mission

and available at the NASA Ocean Color Data welisitips://oceandata.sci.gsfc.noaagagwnloaded 14 December 2016).

20 Global annual and monthly (March) averages of [B#T and chl a were provided by NASA at level 3. (inapped) with 4
km satellite pixel resolution, resulting in foupseate datasets from 2003 to present. The daténvtita OUTPACE region,
defined between 25° S, 155° E, and 15° S, 149° Wnieelope the cruise track as in Fig. 2, were etech March was
chosen as the month of study because it was theatemnth of the cruise. Plots of these four dettasan be found on the
OUTPACE dataset website, section “http://www.obfsfrlproof/php/outpace/outpace_figures.php”. Pthubyy density

25 distributions were generated for each datasesieritirety. Additional probability distributions veealso calculated on data
subsets, for years 2003 and 2011 as chosen bydf@ptesent opposite ENSO phases, along with 2B&5year of the
cruise. In order to gauge significance between ahdity distributions of different years, for eaoh the four datasets the
temporal standard deviation of each pixel was dated. This resulted in a distribution of standdediations, the median of
which was taken to represent inherent inter-anvaaability.

30 The time series of SOI is presented in Fig. 4, v@tiNifio (La Nifia) values shaded red (blue). DudgTPACE cruise
sampling in austral summer 2015, a strong El Nids wbserved. The other El Nifio year considered Wwase2003, chosen
because of its relative strength and duration aimib 2015; for similar reasons of intensity andation, 2011 was

designated a representative La Nifia year.
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The probability density distributions for the anhaad March means of both SST and chl a are predentFig. 5. In SST,
the March mean showed a larger proportion of waneperatures in relation to the annual mean (wimés in Fig. 5a,c),
reflecting the austral summer season. The 2011 ifa tistributions showed a greater proportion ofravéemperatures in
both annual and March distributions (blue lines-ig. 5a,c), which is consistent with the idea ofNidia accentuating the
warm pool present in the WTSP. The probability pefikarch 2011 SST was much more localized, betvéseand 30° C,
than 2003, 2015, and the mean (Fig. 5c). The 2088MSST (red line in Fig. 5¢) was the widest distion, with a slight
rightward skew. By contrast, both the mean and 2@&5ch probabilities (white and green lines, resipety) had a left
skew. Considering the median 95% confidence intefon the March SST time series, the central pefiksthese
distributions could not be considered distinct.

Satellite chl_a showed distributions completelyfediént to SST. For all quantities considered, theual and March mean
(Fig. 5b,d), as well as the years 2003, 2011, d@ib2showed a bi-modal distribution, where the peaks were distinct
enough from each other to be significant from theglian pixel variability. Interestingly, 2003 and120(red and blue lines,
Fig. 5b) annual chl a distributions overlapped @bergbly more than 2015 (green line), which hadeitsire probability
distribution shifted to the right, though this shifiay not have been significant. The March mear26¥3 and 2015 chl a
(red and green lines, respectively, Fig. 5d), hawealmost entirely overlapped, possibly signifyithgit El Nifio chl_a
distributions were more alike than La Nifia yearnse Bnnual 2015 mean of chl a being slightly difféfeom other years,
and yet the March 2015 mean resembling 2003, niglitate that 2015 was indeed a slightly differe@ar from a surface
chlorophyll perspective, but this slight differeneas concentrated in other parts of the year taendustral summer when
OUTPACE took place.

In summary, the SOI metric of ENSO showed that 28@a8 an El Nifio event, and both the SST and chltellte data in
the WTSP partially reflected this. The March 20081 82015 SST distributions resembled each other,tiey also
resembled the entire dataset more than the 20Mifia distribution. From the SST point of view, papls La Nifia events
impact the region more than El Nifio. Chl a disttitms for the El Nifio years also overlapped moenttvith La Nifia, but
the variability inherent the time series precludedlaring significant differences. Overall, in W&'SP both SST and chl a
were not atypical from what one would expect, andwe determined that climatological effects upoe tesults of
OUTPACE were minimized.

7 Special issue presentation

The goal of this special issue is to present thewkedge obtained concerning the functioning of WT&®systems and
associated biogeochemical cycles based on theetisi@squired during the OUTPACE experiment. Théserstrategy was
organized to promote collaboration between phytsicibiologists and biogeochemists with expertisgluing marine
physics, chemistry, optics, biogeochemistry, miatigy, molecular ecology, genetics, and modellifdost of the

contributions to this volume have benefited fronis thollective effort and are presented accordinghi® three main
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objectives of the OUTPACE experiment, namely theata@haracterization of the biogeochemistry andolical diversity
of the WTSP during the strongest stratified pelfadstral summer), the production and fate of omyamatter (including C
export) of three contrasting oligotrophic enviromtsewith particular emphasis on nitrogen fixatiand the representation
of the main biogeochemical fluxes (C, N, P, Si, &ed dynamics of the planktonic trophic network.

The physical variability and the hydrodynamic comtef biogeochemical sampling are described, a$ agethe impacts of
mesoscale circulation and forcing on biogeograghéalients, along with the longitudinal contrassmall scale turbulence
along ~20°S. An optimum multi-parameter analysithefwater mass structure is also provided.

The focus on diazotrophs and dinitrogen fixatiomaarns the distribution and drivers of symbioticd afinee-living
diazotrophic cyanobacteria, the contribution oftigatate and dissolved (N release) fractions tottbespot of N fixation
found during the cruise, zonal gradient ip fiXation rates, the partition of Nixation rates between the particulate and
dissolved fractions, the diazotroph-derived N tfanso the planktonic food web, the, Nixation contribution to export
production, and finally the N budget at the LD ista$ studied using a lagrangian adaptative stratdgiotic N, fixation,
heterotrophic diazotrophs and their relationshithwabile organic matter, as well as programmedtidedth in diazotrophs,
are also investigated.

The dynamics of phytoplankton, heterotrophic basptankton, and zooplankton along the gradientiatatroph diversity
and activity are described together with the contjpssand distribution of dissolved organic carband the changes in
inorganic carbon content along the longitudinahsect. Net community production, the assimilatiborganic carbon and
nutrient substrates by unicellular cyanobacteriarabial response to the N and P compounds exciigeyedopepods are
quantified. A specific focus on siliceous planktmd Si biogeochemical cycling is also presented.

Optical properties of the WTSP waters are presemtéti a focus on the cyanobacterial (diazotrophpact on bio-optical
properties, UV-VIS light attenuation and chl a altfons for WTSP oligotrophic waters.

Finally the main processes controlling the biolagicarbon pump in the WTSP are investigated usindD&/
biogeochemical-physical coupled model and a rediomadel, and the new knowledge gained on the iotinas between
planktonic organisms and the cycle of biogenic elets used to propose a new scheme for his funagoand role, at the
present time and in the near future, in the oligpitic Pacific Ocean.
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Table 1. Date, location and general characterisfitbe stations investigated along the OUTPACEge&t. Distance in km
from the first SD station (SD1).

10

Station CTD cast  Arrival date (UTC) Departure date (UT C)Latitude = Longitude Latitude Longitude Cumulative Bottom
(0-2000 m) (deg min)  (deg min)  (deg) (deg) distance  Depth
(km) (m)
Nouméa X 19/02/2015 21:00 22 14 166 28 -22,23 166,47 X 0
s 1 007 21/02/2015 20:00 22/02/201509:30 18 0 S 159 54 E,0@18 159,90 0 4068
SO 2 016 22/02/2015 21:45 23/02/2015 10:0 18 3& S 162 8 E,6318 162,12 210 2567
SO 3 020 24/02/2015 03:45 24/02/201510:C0 19 0 S 164 54 E,0019 164,90 488 3252
LD A 067 25/02/2015 13:00 02/03/2015 23:15 19 13 S 164 41 B9,21 164,69 528 3491
s 4 071 04/03/2015 08:30 04/03/2015 15:15 20 0 S 168 0 E 00,168,00 839 4995
so" 5 075 05/03/2015 05:45 05/03/201513:30 22 0 S 170 0 E 0@2,170,00 1103 4405
so" 6 079 06/03/2015 03:15 06/03/2015 12:30 21 22 S 172 E,3721 172,13 1303 2509
so” 7 083 07/03/2015 00:15 07/03/201509:30 20 44 S 174 16 B, 72 174,27 1506 2451
so” 8 087 07/03/2015 21:00 08/03/2015 07:15 20 4z S 176 24 B, 7@ 176,40 1694 2028
so" 9 091 08/03/2015 22:15 09/03/2015 07:45 20 57 S 178 39 B,92 178,65 1927 3864
sp " 10 095 10/03/2015 00:00 10/03/201507:15 20 28 S 178 31 20,47 181,48 2187 819
sp 11 099 10/03/2015 21:45 11/03/201505:15 19 59 S 175 40 W,98 184,33 2449 2234
sp " 12 103 11/03/2015 21:00 12/03/201505:C0 19 29 S 172 50 W,48 187,17 2711 7717
LD B 151 15/03/2015 12:00 20/03/201522:30 18 14 S 170 52 W8,24 189,14 2985 4912
SD 13 152 (0-500 m) 21/03/2015 10:30 21/03/201511:00 1B S 169 4 W -18,20 190,92 3096 4598
LD C 199 23/03/2015 12:00 28/03/201522:00 18 25 S 165 5€ V8,42 194,06 3371 5277
sh 14 210 30/03/2015 01:30 30/03/2015 09:15 18 25 S 163 0 W42 197,00 3640 4998
LD 15 213 31/03/2015 00:30 31/03/201508:30 18 16 S 160 0 V8,22 200,00 3916 4965
Papeete 02/04/2015 21:00 X 17 34 S 149 6 W -17,57 210,40 X 0

Table 2. Provor ARGO floats deployed along the OWTE transect.

] Float numbe Deployment locatio Date of _

Station WMO id. Latitude Longitude deploymentTlme (UTC) closest CTD cast
LD A ProBio075b 19°13.00 § 164°29.40 W 03/03/2015 2@ OUT_C_067
SD11 6901663 19°59.56 S 175°38.59 W 11/03/2015 @H03: OUT_C_099
SD 12 6901664 19°32.61S 172°46.47 W 12/03/2015 @R00: OUT_C_103
LDB 6901666 19°44.50 5 170°31.31 W 13/03/2015 01@5:0

LD B 6901667 17°38.39 5 170°59.47 W 13/03/2015 18@19:0

LD B 6901668 18°13.90 5 170° 44.20 W 20/03/2015 2186:0 OUT_C_151
LD B ProBio077b 18°16.09 5 170°43.80 W 20/03/2015 @20 OUT_C_151

Before LDC 6901669 18°46.92 S 168°09.06 W 22/03/2005:55:00

LDC 6901670 18°41.205 165°45.18 W 22/03/2015 19818:0

LDC 6901671 18°28.16 5 165°46.21 W 28/03/2015 21®@5:00UT_C_199
LDC ProBio0O79k 18°28.16 53 165°46.21 W 28/03/2015 @@@B OUT_C_151
SD 14 6901679 18°24.26 S 162°59.34 W 30/03/2015 @D45: OUT_C_210
SD 15 6901680 18°15.29' S 159°59.23 W 31/03/2015 @15: OUT_C_213

17



Biogeosciences Discuss., doi:10.5194/bg-2017-50, 2017
Manuscript under review for journal Biogeosciences
Discussion started: 28 February 2017

(© Author(s) 2017. CC-BY 3.0 License.

Figures caption

Fig. 1. Major C fluxes for a biological pump budgBiological pump: C transfer by biological processnto the ocean
5 interior. DIC: Dissolved Inorganic C, POC: Partata Organic C, DOC: Dissolved Inorganic C. See lifoet al., (2012)
for a detailed description.

Fig. 2. Transect of the OUTPACE cruise superimposeda) arithmetic mean surface chl a and (b) guagrangian
weighted mean chl a of the WTSP during OUTPACE. e types of station, short duration (X) and Iqrg duration
10 investigated for a period longer than seven dayes,irdicated. The satellite data are weighted nmetiby each pixel's
distance from the ship’s average daily positiontfar entire cruise. The white line shows the vessefe (data from the
hull-mounted ADCP positioning system). Coral regfisl coastlines are shown in black, land is greg,aaras of no data are

left white. The ocean color satellite productsmeduced by CLS with support from CNES.

15 Fig. 3. Zonal sections of (a) conservative temipee®d, (b) absolute salinity SA, (c) density anomalyd 4d) fluorescence
in the upper 700 m from the classic CTD rosetténduSD and LD stations along the OUTPACE transéhe three LD

stations are highlighted by their color-coded retted corresponding arrow.

Fig. 4. Time series of monthly Southern Oscillatindex (SOI) from January 2000 to October 2016. dtieg and positive

20 values are shaded red and blue to signify El Nifid lea Nifia, respectively. SOl smoothed by ‘loweigér with a five
point window is shown as a solid black line. Blaokows indicate March for the years where satetlééa are available.
Dashed vertical lines indicate March 2003, 2014, 2015.

Fig. 5. Probability density estimates for MODIS Aqdata in the OUTPACE region, using mean (a) Anrg&@aT, (b)
25 Annual chl_a, (c) March SST, and (d) March chl eolRbility densities for the ensemble of all yesrshown in white,

while densities for 2003, 2011, and 2015 are in bhak, and green, respectively. Also plotted &% onfidence intervals

(two standard deviations) for each subset estimagiog the median variance of pixel inter-annuaialality. Note the

logarithmic scale for chl a.
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