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EXECUTIVE SUMMARY OF THE PROPOSAL

The functioning and productivity of oligotrophic stgms, and the balance between production and
mineralization in these oceanic areas, is stillsihigiect of much debate. Once thought to be bickdgieserts,
recent research has shown that these systemslaogddly contribute to the global ocean organic oar{C)
export. It is important to thoroughly understand thogeochemical functioning of these vast ecosysta
order to characterize their evolution in the conhtefxclimate alteration. This project aims to giaezonal
characterization of the biogeochemical functioramgl biological diversity of the South West (SW) ifac
toward a gradient of macro- and micro-nutrientsilasdity, and produces a detailed study of thelduical
production and its subsequent fate in 3 contrasiteg, with a specific emphasis on the productisstained
by dinitrogen (N) fixation. We will determine whether organic mageoduction, re-mineralization and export
processes are different at these sites, and ifdstermine how these differences are related with th
diversity/functioning of N-fixing organisms in the planktonic community. Ccamipg different sites, along a
zonal gradient of variable nutrient availabilitfhoslld provide us with a new insight for identifyirmsd
understanding the fundamental interactions betweane biogeochemistry and ecosystems. We willgocu
on several current issues of interest regardingdheling/uncoupling between carbon and nutrienP(Si,Fe)
delivery and removal processes in the surface lalese processes control the planktonic community
structure and functioning and, ultimately, the iabbf the ocean to biologically sequester C. Wallstlescribe
the functioning of each distinct ecosystem undgsaal conditions with new approaches combiningl&t
localization and drifters for Lagrangian strateggyd, finally, examine the biogeochemical role eizditrophs

in each system, using experimental and modellipgcaarhes.

The scientific objectives will be achieved throutjie realization of 6 complementary Tasks (including
promotion of Science, Task 6) involving internatibreollaborations between physicists, biologistsl an
biogeochemists with expertises ranging from maripleysics, chemistry, optics, biogeochemistry,
microbiology, molecular ecology, genetics, and ntlowg The overall strategy of the project will come
experimental and modelling approaches. The expetehgart is based on the realization of a 45-days
oceanographic cruise onboard the R/V L’AtalanttaSW Pacific in 2015. The cruise will consisishort
duration (8 h) stations (SD stations) and 3 longatlon (7 d) stations (LD stations) distributedreja zonal
transect (19° S) in the SW Pacific ocean. Durireg $ID stations, a characterization of the biogeocttem
and biological diversity from the North of New Cadmia to the western border of the South Pacifie gyill

be performed (Task 1). The LD stations will allamperform a process studies in contrasting oligdtioand

N fixation conditions following a Lagrangian apprb&or a 3D characterization of the upper water golu
(Task 2). During the LD stations, high frequencyjusition of physical, optical, biogeochemical and
biological variables will be assessed. We will difgrprimary / secondary production and their féfask 3),

as well as mineralization and export of organicterafTask 4) by measuring biogenic element (C,N)P,S
stocks/fluxes and organisms responsibles for tlileses (“Who does what?”). Moreover, a multi-scale
modelling approach is proposed that we plan td ftam the beginning of the OUTPACE project (Tagk 5
Its objective is to complement the observationdhwite analyzed data in order to better understhad t
interactions between the biogeochemical cycleb@biogenic elements (predominantly the C cyclel)tae
dynamics of the planktonic trophic network in oligigphic marine areas.

People involved in the project:

All the participants are listed in the tables bel®artner 1: Institut Méditerranéen d’Océanologikel (O),
Partner 2: Laboratoire d’Océanographie et du Clifn@CEAN), Partner 3: Laboratoire d’Océanograptee d
Villefranche (LOV), Partner 4 : Woods Hole Ocearaggric Institution (WHOI, USA) and Partner 5: Baarll
University, Israel. The last table is for partigiggnot from ANR partners laboratories and theeefant funded
by the ANR.

Partner1: M| O Role and responsability in the project
Last name First namg Positign Courtrgoal?j?shore Field Specialty Responsability pm
. . . . Chief scientist,
Moutin Thierry Pri FR On board| Biogeochemis{ry habne C,N,P cycles Pl WP1 25
Baklouti Melika MCF FR On shore Physics Modeling \PP5
Barani Aude IE FR On shorg Biology Flow cytometry 1,8
Bellomo Lucio MCF FR On board Physics MVP200, Mags, CTD 3,9
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Benavides Mar Post-Dgc  FR On board Biogeochemistily »fix. and DOM control MI1O 9,4
Berthelot Hugo PhD FR On boar Biogeochemigtry Bate, fix. (nanoSIMS) 4.8
Bonnet Sophie CR1 FR On boarfl Biogeochemistry EUP?:;:ozfaé)fate P1WP3 11
Carlotti Francgois DR1 FR On boar Biogeochemidtry oopankton, MPV 6
Cornet Véronique IE1 FR On boar Biology Phytoptank Pigments, TEP 7R
Delmont Anne IE FR On board Biogeochemisjry DOCtieyh measurements 418
Doglioli Andrea MCF FR On shore| Physics Lagrangitiategy P1WP2 7,3
Dupouy Cécile CR1 FR On boar Optics Optical mezsents 4,9
Goutx Madeleine DR2 FR On shor Biogeochemigtry MDO 1,8
Gregori Gérald CR1 FR On shor Biology Flow cytayet 3
Grosso Olivier IE2 FR On board Biogeochemisfry  Muits & N; fix. mesurments 4,
Hélias Sandra IE FR On boar Biogeochemidtry DOmIVP 4.8
Leblanc Karine CR1 FR On boar Biogeochemidtry VBl 7,2
Lefevre Dominique CR1 FR On boar Biogeochemidtry >A@on 7,2
Pagano Marc DR1 FR On shorg Biology Zooplankton 412
Petrenko Anne MCF FR On shor Physics Lagrang@ediories 6
Rougier Gilles IR1 FR On board Physics MVP200, Niogs, CTD 4,8
Sempere Richard DR1 FR On shoie Biogeochemiftry [Optics 1,8
Tedetti Marc CR2 FR On shorg Biogeochemigry UMiasp 1,8
Thyssen Melilotus CR2 FR On shor¢ Biogeochemigtry lowkeytometry 4,8
Van Wambekq France DR2 FR On board Biogeochemisfry HB (BP,lsiegll analyses) 4,8
Wagener Thibaut MCF FR On shorg¢ Biogeochemistry /BlI&linity 3
- - PhD FR On board Biogeochemistyy 2 fi. N cycle 36
- - Post-Dod FR On shore Physics Lagrangian strategy 24
Partner 2 : LOCEAN Role and responsability in the project
Last name First nams Positign Courtregoarc()j?shor€ Field Specialty Responsability pm
Bouruet Aubertot Pascale Pr2 FR On boar Physics VMP250, ADCP, CTD o-POWNVP2 9,6
Cuypers Yannis MCF FR On shor Physics Turbulence 3
Deboissieu Florian Post-Dgc  FR On shore Optics PHYSAT algorithm 34
D'ovidio Francesco CR FR On shorg Physics Lagrantgéectories 1.9
Lo Monaco Claire CNAP FR On shord Biogeochemidtry IC/Blkalinity 1,8
Lourencio Antoine IE FR On board Physics MVP250PCT 48
Menkes Christophsg CR1 FR On shore Physics ADCPpléao&ton 2.4
Metzl Nicolas CR FR On shorg Biogeochemisfry DIG&dinity 2,4
Partner 3 : LOV Role and responsability in the project
Last name First name Positign Courtrgoarc()j?shore Field Specialty Responsability pjm
Claustre Hervé DR1 FR On shorg Biogeochemigtry PBRIOMloats Co-PIWP1 1.9
Guidi Lionel CR2 FR On board Biogeochemisty Petiize spectra, UVP 48
Guieu Cécile DR2 FR On board Biogeochemigry Admstissolved iron 4,
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Leblond Nathalie IE FR On shorg Biogeochemigtry iBedt trap analyses 24
Louis Justine PhD FR On boar Biogeochemidtry Adsodow level nutrient 3,6
Picheral Marc IR2 FR On shord Biogeochemigry lmsntation Zooplankton 18
Ras Josephine IE FR On shorf Biogeochemiptry Pignt¢PLC 1,8
Schmechtig Cathering] IE FR On shoie Bi Physics . LEFE CyBER database 118
iogeochemistry
Uitz Julia CR2 FR On shore Biogeochemisjry PROVB&ats 1,8
FOREIGN PARTNERS (Funds not requested to ANR)
Partner 4 : WHOI (US) Role and responsability in the project
. - On . . .
Last name First namg Positign Courtrlgoard/shore Field Specialty Responsability pm
Van Moy Benjamin DR2 us On boar( Biogeochemisry I-€ell signaling, POM Pl WP4 4,
Dyhrman Sonya DR2 us On shorg¢ Biogeochemigtry ¢&lisignaling, POM 3
Krupke Andrea Post-Dop US On shore Biogeochemistiy Cell-cell signalingMPO
Ossolinksi Justin Tech. us On shorg Biogeochemilstry Cell-cell signaling, POM

Ben Van Mooy (https://www.whoi.edu/bvanmooy/, Pl tfe OUTPACE WP4) and Sonya Dyhrman
(http://www.whoi.edu/profile.do?id=sdyhrman) are sesate scientists from the WHOI (see
https://www.whoi.edu/). The participation of the W&ooy and Dyhrman labs will be supported by funds
recently awarded by the National Science Founda@temical Oceanography Program ($1,163,722, Oct 1,
2013 to Sep 30, 2016). Contact at the NSF: DonalRite, PhD, MPH, Director Chemical Oceanography
Program, Division of Ocean Sciences, National SweRoundation, 4201 Wilson Boulevard Arlington,
Virginia USA 22230 (Tel: 703-292-8582, Fax: 7B32-8590, Email: drice@nsf.gov).

Partner 5 : Bar llan University Role and responsability in the project
. . On ) . .
Last name First namg Positign Courtrgoard/shore Field Specialty Responsability pm
Berman-FranH lllana Pri IS On board Biogeochemistly PCD and oolexport Co-PI WP3 4.8
Elifantz Hila Lab. PI IS On shore| Biology PCD andlecular assays
Spungin Dina PhD IS On shorg Biology PCD

llana Berman-Frank (IBF) (http://life-sciences.biuil/en/berman-frankilana/, co-Pl of OUTPACE W33
biological oceanographer from the Mina and Evefaoddman, Faculty of Life Sciences, Bar llan Uniitgrs
(Israel) working on phytoplankton for the last 28ays with a focus on marine fixers for the past 15 years.
Funding for travel and analyses from the OUTPACIHpeelition for IBF is already available via this
collaboration and a German-Israeli collaborativé& Gfoject to IBF No. 1133/2011 “Diazotrophs in faxdfe
global changes”.

OTHER PARTICIPANTS (Funds not requested at ANR)

Participants (Not ANR funded) Role in the project
_ N on _ _ Laboratory /University|
Last name First nams Positign Coumrgoard/shore Field Specialty
Duhamel Solange CR2 us On boat Biology FC, singleanalyses Univ. Colunbia
Foster Rachel CR2 SW On boari Biology MB, onbo&€R, SIMS Univ. Stokholm
Knapp Angela CR1 us On boar Biogeochemigtry Déisbudget Florida St University|
De St Léger Emmanueg] IE FR On boat Physics CTa@ipsent traps DT INSU
Alvain Séverine CR1 FR On shorg Optics PHYSAT dlyai LOG (LU)
Bouffard Jerébme CR IT On shorg Physics Altimetry HEFHESA/ESRIN)
Capone Douglas Pri us On shoy Biogeochemiftry 2 fixNexpert University of S. California
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Cravatte Sophie CR1 FR On shore Physics Circulatioine SW Pacific LEGOS (UPS)
Dekaezemacke Julien Post-Dpc DE On shore Biogeochemistily 2fX. microcosms MPI
Jacot des Combes Héléne CR FJ On shorg Geochemistiy Radiolarians UsP
L'Helguen Stéphane CR1 FR On shoje Biogeocheml|stry N cycle LEMAR (UBO)
Maes Christophe CR1 FR On shor Physics Argo floats LEGOS (UPS)
Martinez Elodie CR2 FR On shorsg Optics Ocean-cslour EIO Papeete
N'Yeurt Antoine CR2 FJ On shorg Biology Taxononyaal USP
Rodier Martine CR1 FR On shorsg Biogeochemidtry SWifit expert EIO Papeete
Sanudo-Wihelmy Sergio Pr us On shorg Chemistry Trace metals otizer Fe USC Los Angeles
Zehr Johnatan Pri us On shorf Biology Diazotropversity Univ. of California SC
Preamble

No change in the scientific questions / strategy @mposition of the consortium has been perforenece

the pre-proposal.

Since the submission of the pre-proposal, the OUJPAroposal has been evaluated by the French INSU-
LEFE programme (CyBER action) and obtained a califumnof 51 k€ for 2014. We obtained 17 k€ from the
leading partner MIO Institute (Action for the Soufbr 2014. The project has been evaluated by thadh
fleet commission and the OUTPACE cruise has beekexdhin priority number 1 for a scheduling in 2015
(February 1% - March 3@ most probably according to the person in chargé@R/V programmation). We
have obtained 10 Argo floats profilers by the GMMGroupe Mission Mercator/Coriolis, the French
organization for Argo-floats deployments) in orderbetter characterize the general circulationhimn $W
Pacific. Finally, the OUTPACE project received @ideof support from the international IMBER progmae.

1. CONTEXT, POSITION AND OBJECTIVES OF THE PROPOSAL

1.1. CONTEXT, STATE OF THE ART, SCIENTIFIC BOTTLENECKS
1. Societal and environmental context

The ocean provides regulating services to humanityOne of the most important the regulation of
climate. Climate changeés now widely recognized as the major environmeptablem affecting the globe,
and costs annually 200-300 billion dollars (UNER20Towards a Green Economy - A Synthesis for Rolic
Makers, www.unep.org/greeneconomy). On a globdkesdtiae fixation of atmospheri€ by oceanic micro-
algae (phytoplankton) and its transfer to deep matepresents an important part of the gldbalycleand
influence climate trends. In the context of globarming, the ocean plays a key rbe sequestering 30-
40% of human CQOz emissions every yearGlobal warming is at the core btiman, environmental and
economicalissues.

Human survival and well-being depend on ecosystawices, and therefore on the conservation anbeke
management of the ecosystems that provide theneaReson ecosystem services has grown exponentially
during the last decade, particularly after the &itium Ecosystem Assessment. Data and methodsdesas
the provision of marine ecosystem services are rmmfe limited when compared to terrestrial assessne
despite the oceans contribute for more than 60%efotal economic value of the biosphere. In thetext

of global warming, the ocean is changing quickly @mitiating large oceanographic programmes is afam
importance if we want to understand how the ecesystervices provided by the ocean will evolve & th
future.

OUTPACE (Oligotrophy from Ultra-oligoTrophy PACIfic Experiemt) is a multidisciplinary project
dedicated to this issue involving 50 scientists fro several French and international institutions; itis
based on an original combination of the most up taate techniques in oceanography, from genes to
satellites. The proposed team wants to benefit from the raesemrce of the French Research/Vessel
“L’Atalante” in the South Pacific in 2015 to perfora 45-days oceanographic cruise.

2. National and international context

The OUTPACE project is a multidisciplinary oceanogiaphic project operating at various scales (from
local to global), and fits perfectly with the firstsocietal challenge "sober management of resourcesd
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adaptation to climate change” of the present ANR da In particular, it fits with the first axis whichrab to
“understand and forecast environmental chaihgésppears essential tadnsolidate the knowledge-base on
dynamical, physical, chemical and biological prasesof the different compartments of the Eartlesysind

in particular of the Atmosphere and the Océanhe biologicalC pump functioning in the oligotrophic ocean,
and particularly its link with atmospheric dinitrerg fixation, appears as acientific bottleneckihat needs to
be resolved for a better understanding and reptatsam of the ocean/atmospheé®dliuxes. There is 60 times
moreC in the ocean than in the atmosphere and the bmabgarbon pump significantly contributes to the
control of the atmospheric GOoncentrations. The increasing atmospherie @Dcentrations is the main
cause of climate alteration (recently confirmedtm/new IPCC report, 2013). It is therefore esaétuistudy
the “interactions between the C and N cycles” to “redtive bias and uncertainties of the models a large
scale and be able to better forecast the earthatdiravolution. By involving experts in experimenad
modelling work, the OUTPACE project will activelpmatribute to this subject.

Our project also echoes the second ANR axis offitke societal challenge concerninfufictioning and
adaptation of species, agro-ecosystems and cornéihand marine ecosysteinsndeed, this axis concerns
“the climate changes, the €i@crease and changes in organism’s divetsifyhe shift of the first control of
primary production observed in the North Pacifithet end of the eighties (Karl et al., 1997) hanbrecently
related to a higher frequency of diazotrophs blopnabably linked with climate change (Karl et 2008).

At a shorter time scale (decadal), fixation and upper ocean nutrient availability al@sely linked requiring
the study of organisms responsible of this functionthe framework of OUTPACE, we will improve the
“fundamental knowledge of marine ecosystems popoatn the SW Pacific by studying 1/ the biodiversity
of the first levels of the marine food chain, bisoa2/ the links between biodiversity and functatrthe single-
cell level in relation to nutrient availability icontrasting trophic situations. It will therefore possible to
“estimate the adaptation capacity or the evolutidnthee ecosystems as a function of their functional
biodiversity. The marine production (up to fishes) mainly dege on nutrient availability in the upper ocean
photic layer, and the input of new N by fikation is the main external source to the oc@argely higher
than by rivers). The SW Pacific exhibits some @& kiighest M fixation rates in the world ocean (Bonnet et
al., 2009) and it is thus important to focus ois tigigion. France is at the second rank in the worldrms of
maritime domain extension thanks to its territaryhie Pacific Ocean where important fisheries agamzed.

It is therefore necessary to increase the fundaahknbwledge of diazotrophs in order to predictphagbable
evolution of marine production in the SW Pacificaatlecadal time scale, and subsequently the chamges
higher trophic levels. Our project has therefoirgstes in fisheries resources and stocks conseniati
research that is particularly encouraged by the ANR

The OUTPACE project also fits with the scientifigquities of the national LEFE programme describethe
INSU Prospective 2011-2016. It fits in particulaittwTopic 1 of the LEFE/CYBER actionStudy of the
marine production at differents scale$he OUTPACE will allow to (1) better identify drnunderstand the
vertical structuration of production at the daylsdganicrolayer formation, turbulent diffusion...),)(Better
quantify marine productivity and its fate througlgtrer trophic levels or C sequestration at therbasale
thanks to the consideration of meso- and submelsogtgysical features, and (3) better understand the
evolution and fate of marine production. The pro@so fits with Topic 4 Functional biodiversity, ecosystems
functioning and biogeochemical cycles particular the subtopicRole of marine ecosystems diversity on
biogeochemical functions and trophic transfdio answer these questions, we will use spem#thodologies
particularly encouraged by LEFE/CYBER, which are éxamine the modifications of ecosystems strestur
through trophic interactions, characterize and gtin biogeochemical stocks and fluxes at the
individual/specific level..., develop budget modélserganisms including their stoeachiomét(gee section
2.2 “Description by Task™).

At the international level, the OUTPACE project fits into the scientific priorities of the large
international programmes from IGBP and SCOR (IMBER, SOLAS, GLOBEC) as it aims at acquiring
knowledge to understand, quantify and model/foreaateractions between biogeochemical cycles and
marines ecosystemstThe OUTPACE project received the support of the in¢rnational IMBER
(Integrated Marine Biogeochemistry and Ecosystems ésearch) programmeThe letter of support from
Eileen E. Hofmann (Chair, IMBER SSC) states thaffTBWCE will efficiently contribute to the overall gb

of IMBER, which is to investigate the sensitivitf/rnarine biogeochemical cycles and ecosystemsadioag)l
change, on time scales ranging from years to decallee main objective of IMBER is to provide a
comprehensive understanding of, and an accuratiecpive capacity for ocean responses to accelergtwbal
change and the consequent effects on the EartlerBymtd human society. OUTPACE fits particularly in
IMBER Topic 1 “Interactions between marine biogearmiical cycles and marine food webs” in which the
main scientific question that needs to be address8&hich marine biogeochemical cycles and ecosystems
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will be impacted by climate chari@eThe OUTPACE project will contribute to answeistlguestion, in
particular it will answer the underlying secondanyestions of the IMBER topic 1.1\What controls the
production, transformation and degradation of orgamatter in marine trophic chai8d and topic 1.3 How

key functional groups , species and genes affegelichemical cyclés

At the regional scale (South Pacific), the OUTPA@Bject fits within at least 2 scientific priorifeof the
GOPS (South Pacific Observatoryfarine ecosystefiand “Climate change and natural hazdrdt also

fits within one of the transversal axis ‘Technoginovation’ as this project is a medium for melblogical

developments and application of innovative techgiele (see Section 2.2).

3. Scientific context - State of the Art

The additional C@in the atmosphere, mainly resulting from fossillfemissions linked with human activities
(anthropogenic C¢), is the main cause of global warming. The oceas acted as a major sink of
anthropogenic C&(Sabine et al., 2004) preventing a greater accatmoul in the atmosphere and therefore a
greater increase in the earth’s surface temperatheebiological pumpKig. 1) provides the main explanation
for the vertical gradient of C in the ocean. Iteesgth and efficiency depends upon the complexnicala
between organic matter production in the euphatitezand its remineralisation in both the epipelagid
mesopelagic zones. The biological pump was thotaybt in an equilibrium state with an associatearne
zero net exchange of G@ith the atmosphere (Broecker 1991, Murname £1889). Climate alterations are
beginning to disrupt this equilibrium and the expdcmodification of the biological pump will prodgb
considerably influence oceanic C sequestration taedefore global warming) over a decadal time escal
(Sarmiento and Griber, 2006). The long term deerefiphosphate availability and the shift from poegly

N to phosphorus (P) limited production associatétl imcreasing inputs of N by Nixation was one of the
first evidence of the biological pump alteratiorsetved at the HOT time series station in the nBehific
gyre (Karl et al., 1997; 2008).

hv
co,
i1 l Atmosphere
Vil e o . . R Ocean
DIC — - — pOC — — = =»DOC Photic zone
! I
{ Nutrient I
availability I
i
Winter mixed layer
= 1l = 1 (Intermediate water circulation)
| Deep layer
' v (Deep water circulation)
DIC Export Production

Fig. 1. Major C fluxes for a biological pump budget. Biolcgl pump: C transfer by biological processes thiocean
interior. DIC: Dissolved Inorganic C, POC: Partatad Organic C, DOC: Dissolved Inorganic C. See lifceital., (2012)
for a detailed description.

The input of new N to the surface ocean througlobioal N: fixation represents a major link between the C
and N biogeochemical cycles, i.e between the uppean nutrient availability and the biological pymp
between ocean and climate. This link was receitiityv® to play a central role in previous naturametie
changes over long time scales (Galbraith et all3P0t is nevertheless clear that expected clinchtenges
followed by anthropogenic atmospheric £€hanges may concern shorter time scales: theaserin
atmospheric C@over the past 200-y is equal to the increasenmospheric C@between glacial to interglacial
conditions, which took place over several thousgedrs (Sarmiento and Griber, 2008)is therefore
necessary to obtain a precise representation of thé fixation process in global biogeochemical models
Even if considerable scientific progresses have Inegde over the last decades (see reviews from 8bhhm
2011; Zehr & Kudela 2011), the impact of this psxcen biogeochemical cycles and C export in oceaarts
is still poorly understood, mainly due to technitialitations. Monitoring properly the structure/fttion of
the first levels of the marine food web, productimineralisation and export of organic matter given water
mass from the surface illuminated ocean to deegethd requires a tight coupling between disciplenas is
difficult to gather on a single scientific project.
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Therole of N fixation in the oligotrophic ocean and overview of previous cruisesin the SW Pacific

The efficiency of oceanic C sequestration depenms unany factors, among which is the availability o
nutrients to support phytoplankton growth in thetahzone of the surface ocean. Large amounts afeN
required for phytoplankton growth, as it is an e§sé&component of proteins, nucleic acids and otedular
constituents. Fixed N in the form of nitrate (NGor ammonium (NH') is directly usable for growth, but
concentrations of fixed N are low (<0.1 pmol)lin the oligotrophic ocean and often growth-limgiin most

of the open ocean euphotic zone (Falkowski etl8B8). Dissolved Blgas in seawater, on the other hand, is
very abundant in the euphotic zone (ca. 450 prmphlind could constitute a nearly inexhaustible N‘s®for
the marine biota. Some prokaryotic organisms (Begte€Cyanobacteria, Archaea) called,-fikers’ (or
diazotrophs) are able to use this gaseous N saimce they can break the triple bond between tleeNw
atoms of the molecule, and convert it into a usable form {\kls) for assimilation thanks to the nitrogenase
enzyme system (Zehr et al., 1998; 2001). By ddiigydonversion, they release dissolved N in surfeaters.

At the global scale, they provide 100-203%@of N to the surface ocean every year (Mahaffeal.e2005).

It is the major external source of N for the ocesgnificantly larger than atmospheric and rivergoirces
(Codispoti et al., 2001; Griber and Sarmiento, 2@2ber, 2004). Nfixing organisms act thus as ‘natural
fertilizers’, and contribute to sustain life andegport in coastal and oceanic environments (e.g. &aal.,
2012).

Most of the ocean is comprised by low-nutrient,Joi@mass oligotrophic ecosystems (Longhurst e18B5),
which constitute the largest coherent biomes on manet. They support a large part (40%) of the
photosynthetic C fixation in the ocean (Antoineakt 1996). This C fixation is mainly performed pigo-
plankton (smaller than 2-3 um in diameter) thatgeeerally thought to represent a negligible facof the
total particulate organic C (POC) export flux dogheir small size, slow individual sinking ratesd tight
grazer control that leads to high rates of recgclimthe euphotic zone. Consequently, the effigresicthe
biological C pump in these oligotrophic systemslbag been considered to be low as the greatepbpion

of fixed C is thought to be recycled in the surfegger and rapidly re-exchanged with the atmosphere
Recent studies have challenged this view and itaitteat all primary producers, including picoplankt
cells, contribute to export from the surface lagethe ocean at rates proportional to their productates
(Richardson & Jackson, 2007). Export mechanisnierdibmpared to larger cells as picoplanktonic &xiso
mainly due to packaging into larger particles aia grazing and/or aggregation processes (Jacksah, et
1990; 2001; Lomas et al., 2010). More recently s€let al. (2013) pointed out that 40-70% of picokianic
cells are small enough to escape detection undentst common definition of suspended particulegemc
matter (POM). Thanks to a coupling between lipiofibes, radiocarbon and stable isotopic signatofdipids
from the North Pacific Subtropical gyre (NPSG), Hé@wDcean Times-series station), they showed tieat t
transfer of submicron POM from the surface to mesagic waters is an important contributor to thebgl
biological pump. Besides submicron POM export, Kail. (2012) have reported an efficient summeoex
flux of C (3 times greater than the mean wintertaeticle flux) at the same HOT station thanks &Bayear
sediment trap experiment. This summer export flas bbeen attributed to an increase in biomass and
productivity of symbiotic M-fixing cyanobacteria associated with diatoms, Wwhiave high sinking and low
remineralization rates during downward transit.sTéfficient POM export was thus not related to sigbon
particles but rather to large-size phytoplanktaat ttould grow in the oligotrophic waters of the N&P®anks

to new N provided by Nfixation (Karl et al., 2012)Consequently, the conventional view of low POM
export in oligotrophic areas should be revised tanclude alternative pathways for picoplankton export
and the role of N fixation in potentially promoting C export.

The SW Pacific is an ideal location to study thigstion, as it is considered to be one of the lsighesas of
global N fixation (Capone et al., 1997; Sohm et al., 20kBxhibits among the highest abundances, diversit
of No-fixing organisms (Moisander et al., 2010) and\aisti(Montoya et al., 2004; Bonnet et al., 2009}he
world ocean. While average ffixation rates range from 50-200 pmol N?rd in the tropical North Atlantic
(Capone et al., 2005) and Pacific (Dore et al.,220Qarl et al., 2012), they reach 126-4000 pmaohRd?
(Montoya et al., 2004), 50-11900 pmol N?md# (Bonnet et al., 2009) and 151 to 703 pmol N.di-(Garcia

et al., 2007) in the SW Pacific, in the Arafura $efh Australia, TRICHONESIA cruise), the westeranm
pool (EUC-Fe cruise) and the loyalty channel (DIAPA cruises), respectively. During the seasonal
DIAPALIS cruises the highest rates have been medsiir austral summer have been directly linked to
phosphate availability (Van den Broeck et al., 20@dutin et al., 2005). The strong link betweenfiXation
and phosphate availability has recently been cmefit in the whole SW Pacific area (Shiozaki et @ll4).
Satellite observations (TRICHOSAT algorithm, Dupowt al., 2011) corroborate recurrent large
Trichodesmiumblooms during the austral summer (October-Maralwing the 1998-2010 period in the
Melanesian archipelagos (New Caledonia,Vanuatu, IBiands). In addition toTrichodesmium high
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abundances of unicellular diazotrophic cyanobaefeoin Group B (UCYN-B) and Group A (UCYN-A) have
been reported in the SW Pacific (Campbell et #1052 Bonnet et al., 2009; Hewson et al., 2007; studker

et al., 2010).

When going eastward towards the South Pacific dyaém et al., (2011) have reported rates of 1241190l

N nm2 d! on the western border of the gyre and Raimbaudlt@arcia, (2008) and Moutin et al., (2008) reported
rates of 60 + 30 umol N ™d? in the central gyre during the BIOSOPE cruiseglicating a decreasing
gradient of N; fixation from W to E and low N fixation rates relative to other ocean gyre ectsys. The
organisms responsible for these fluxes are diffefeom common autotrophic diazotrophs such as
Trichodesmiunor UCYN-B, and are mainly affiliated with hetergphic proteobacteria and low abundances
of UCYN-A (Bonnet et al., 2008, BIOSOPE cruise; idadt al., 2011).

The W to E zonal gradient of N fixation and the distinct diversity of N>-fixing organisms along this
gradient provide a unique opportunity to study howproduction, mineralisation and export of organic
matter depends upon N fixation in contrasting nutrient conditions. Comparisons between different
systems along a zonal gradient of trophic statdsNarfixation will provide new insights for identifyingnd
understanding fundamental interactions between neahkiogeochemical C, N, P, Si, Fe-cycles and
oligotrophic ecosystems.

1.2. OBJECTIVES, ORIGINALITY AND NOVELTY OF THE PROJECT
1. Scientific objectives

The OUTPACE project is organized dhree main objectives. The final goal is to obtain a precise
representation of the complex interactions betwsanktonic organisms and the cycle of biogenic eleis
(C,N,P,Si,Metals), considering a variety of scdlesn single-cell processes to the whole SW Pacificean
The main objectives of this research are the fahgw

1) To perform a zonal characterization of the biogeochemistry and biological diversity of the SW Pacific
during the strongest stratified period (austral summer)

2) To study the production and fate of organic matter (including C export) of 3 contrasting oligotrophic
environments with a particular emphasis on N fixation

3) To obtain a satisfactory representation of the main biogeochemical fluxes (C, N, P, Si) and the dynamics

of the planktonic trophic network, both in situ and by using microcosm experiments

2. Originality and Novelty of the proposed project

The OUTPACE project is original becaukét focuses specifically on oceanic deserts (ofigoliic ocean).
They represent 80% of the global surface oceartaidrole in CQ sequestration has long been considered
to be low, but this view is currently challengedrsw studies highlighting alternative pathwaysGoexport

to the deep oceaf/ it focuses on the tropical South Pacific ocean¢chvis critically undersampled despite it
represents a strategic marine territory for Fraagcthe second Economic Exclusive Zone in the w@fithe
scientific objectives of OUTPACE are at the core¢haf concerns of contemporary Oceanography andlglos
connected with top priorities of international sturing science programmes (IMBER, SOLAS) regarding
science and societal issues. It aims at betterrstadeling the role of the ocean in the C fluxeharged with
the atmosphere and its participation in the corifdhe earth climate.

At the technological level, this project is theraiation of a long process that will allow scietgisf different
fields (from physicists specialized in Lagrangiaavigation to biologists specialized on genes and
biodiversity/function at the single-cell level) weork together in the same projedthe original coupling
between satellite imagery, Lagrangians floats, turblence profilers, biogeochemical sensors and
molecular tools which allow real time acquisition & physical, chemical en biological parameters to
answer the scientific questions of the project, isne of the major originality and novelty of this project.
The OUTPACE project benefits from a very favorahternational dynamics and regroups some of thieibet
specialists in the field.

In addition to the transdisciplinary field work appches, the modelling work (Task 5) performedhis t
project will deliver a final end-product useful fille international modelling community. Severalmeaatical
formulations of the diazotrophy process are culyantplemented in the numerical library of biogeeatical
processes of the Ecological Mechanistic and ModMadelling platform model (Eco3M). They will
contribute to answer the scientific questions effiloject and will provide simulations for the frewegarding
the ability of oligotorphic system to sequesterT®ey will finally become available for modellers aan
validated for integration in climate models.
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2. SCIENTIFIC AND TECHNICAL PROGRAMME, PROJECT ORGANISATION

2.1. SCIENTIFIC PROGRAMME AND PROJECT STRUCTURE

The scientific program will be achieved through thalization of 5 complementary Tasks (+ a ‘Prooti
task) involving international collaborations between physicists, biologists and biogeochemisith w
expertises rangingrom physics, chemistry, optics, marine biogeochersiry, marine microbiology,
molecular ecology, genetics, and modellin@rig. 2).

The overall strategy of the project will combingpeximental and modelling approaches. The experiahent
part is based on the realization of&days oceanographic cruisenboard the R/V L’'Atalante in the SW
Pacific in 2015 (Feb.-March). The cruise will catsn 18 SDand 3 LD stations distributed along trophic and
N. fixation gradients Kig.3). During the SD stations, we will perform a zortdlaracterization of the
biogeochemistry and biological diversity from therth of New Caledonia to the western border of3bath
Pacific gyre Task 1). The LD stations will allow to perform a procestady in contrasting oligotrophic and
N fixation conditions following a Lagrangian apprbdor a 3D characterization of the upper water gwiu
(Task 2. During the LD stations, high frequency acquisitiof physical, optical, biogeochemical and
biological variables will be assessed. We will difgprimary / secondary production and their fafask 3),

as well as mineralization and export of organictaraflask 4) by measuring biogenic element (C,N,P,Si)
stock/fluxes and organisms responsible for thesesl (“Who does what?”). Finally, a multi-scale ratlidg
approach is proposed from the beginning of the QAP project Task 5). Its objective is to complement
the observations with the analyzed data in ordemberstand the interactions between the biogedchém
cycles of the biogenic elements and the dynamidkeplanktonic trophic network. Modelling will alde
used in combination with observation and measuré&rarseveral scales and at several points ofrtijeqb

in order to optimize the potential of each of thasas. Final end-products (model, new techniquéh)be
available to the scientific community (databasebligations, international conferences), to students
(training/courses), and to a broad audience throlginealization of a blog, a website and a docuamgrilm
(Task 6).

(
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Fig. 2. Diagram summarizing the different tasks of thejgeband their interrelations.
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General schedule of the cruise:

The general schedule of the cruise will follow fivevisional timetable presented below. The boardihg
scientists and equipment will be performed in Noar(fdew Caledonia) and will benefit from the logsti
and administrative support of the IRD Center of Mea (200 people). Calculations of ship time weneedo
considering an average of 24-h for characterizivgghtydrological conditions at each LD station arubat
speed of 10 nautical miles as recommended for i _Rtalante in the 2014 call for proposal.

Table 1: Provisionnal schedule of the work at sea

Day TransiF Latityde Type of works
and station Longitude
J1l Nouméa 22°14S ; 166°28E Boarding and loading
J2-J4 Transit
J5-J11 LD station A 19°00S ; 155°00E See Task 2, 3,
J12 SD station 2 + transjt See Task 1
toward SD station 3
J13 SD station 3 + transjt See Task 1
toward SD station 4
Idem until SD statior]
10
J20-J26 LD station B 19°00S ; 176°19E See Task 2, 3
J27 SD station 11 + See Task 1
transit toward SD
station 12
J28 SD station 11 + See Task 1
transit toward SD
station 12
Idem until SD statior]
19
J36-J42 LD station C 19°00S ; 161°00W See Task4,3,
J43-J44 Transit
J45 Papeete 17°34S ; 149°36W Deboarding of peoypleraterial

2.2. DESCRIPTION BY TASK

1. Task 1: zonal characterization of the biogeochemistry and biological diversity of
the SW Pacific during the strongest stratified period (austral summer)
PIs: Thierry MOUTIN and Hervé CLAUSTRE

This task will specifically answer Objective 1 bktproject, which aims at characterizing the bicheaical
parameters and biological diversity/function aleng/-E gradientKig. 3) from the North of New Caledonia,
an area exhibiting high Nixation rates, to the central South Pacific gyvhich has been characterized as the
most oligotrophic oceanic area of the world oce2layfstre et al., 2008), and exhibiting low fikation rates
(Moutin et al., 2008).

SD stations positioning and detailed operations omard

Figure 3 presents the position of the stationswulilhbe sampled during the cruise. The 19°S trahbas been
chosen as it is located in the southern branchefSouth Equatorial Current (SEC) i.e. in a retdéy
homogeneous water mass (Fig. 3A) coming from thst Eaouth Pacific Gyre). Moreover, this area is
relatively homogeneous in terms of physics as libdésited in the northern part of the very activaezaith
regards to mesoscale structures (Qiu et al., 2608)ever, the studied area presents an interestingast in
terms of tides with a barotrope tide more intemsthe western part (Station B in particular) conegato the
eastern part of the transect. This transect hasbalen chosen because SST are always higher th@n(2ig.
3B), which are the optimal temperatures for theettgyment of diazotrophs and constitute the ar¢harsW
Pacific where they are the most abundant (Moisaedai:, 2010; Campbell et al., 2005). Finallys thansect
has been chosen in order to sample and perfornegsastudies along a trophic gradient, from oligutro
waters in the western part of the transect to dligotrophic waters in the eastern part (Fig. 3C).

During the transect, we will perform 18 SD (8 he&driptive” stations. The systematic operationsvatry
station will be:

-0-500 m profiles with the Vertical Microstructupeofiler VMP250 to evaluate the turbulence on thdaxe
layer. The time necessary is 1h.

-2 CTD profiles (0-2000 m and 0-200 m) with the Ciid3ette (24 niskins) (3h30) to sample for theofihg
parameters:

11
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(1) core parameters: temperature, salinity, diggbloxygen @ DIC, alkalinity, nutrients, chlorophyll,
particuate organic C, N, P (POC, PON, POP), pddielsi, dissolved organic C, N, P (DOC, DON, DOP)
(2) specific variables allowing to evaluate theng@nic composition (diversity), with a specific phasis on
diazotrophs

(3) at selected depths, specific biogeochemicakBuPrimary production, Nixation) with incubations under
controlled conditions onboard

-Between the 2 CTD casts, in order to provide ehduge to sample from the rosette, we will perf@met
tows for phytoplankton, zooplankton and diazotrofir&chodesmiunspp.) (1h30)

-1 Trace Metal Clean Rosette 0-500 m CTD cast @-Flg bottles rosette) for trace metals samplind an
specific flux measurements requiring ‘ultra-cleaahnditions (2 h)

The distance between SD stations is 130 nautidakngorresponding to 13 h of transit (calculatiased on
a ship speed of 10 knots).
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Fig. 3. Transect of the OUTPACE cruise superimposed waraémaps (A) Absolute geostrophic currents (IOARS
climatology ref to 1000 m, plus currents 0-200 nduted from Argo floats drift, Kessler and Crava8]13, JGR).
Colorbar: zonal currents; Arrows: horizontal cutg)n(B) CARS2009 Sea Surface Temperature (SSTattilogy
(Ridgway and Dunn, 2003) (Dec-March), and (C) Seefahlorophyll concentrations (MODIS, composite Daarch
2011-2012).

Subtask 1.1. Biogeochemical characterization

The classic variables temperature, salinity, dissbloxygen concentrations, along with alkalinitgrpents,
organic and mineral C and other biogenic elemeN{sR, Si) pools, and trace metals of biogeochemical
importance (Fe, Zn, Cu, Co, Ni), will be measu@siwell as other specific variables at selectedhdei\:
fixation, diazotroph diversity, recycling times fdissolved phosphate...) at the 18 SD stationsa¢hz 3000
nautic miles transect. The aim is to describe #r@ations in the biogeochemical characteristicsr{ent and
trace metals availability in the photic layer, demtf the nutriclines, ratios of dissolved/partidelaand
organic/mineral in the biogenic elements poolsywdiavn of CQ of anthropogenic origin, phytoplankton
biomass and diversity, Nixation rates...). This biogeochemical caractgian will extend to the gyre in the
central South Pacific where oligotrophic conditiare the most extreme (Claustre and Maritorena3200
Our recently acquired techniques for biogeochemicaheasurements in ultra-oligotrophic waters should
enable us to significantly improve our understandig of the biogeochemistry of the SW PacificNe do
not have a good insight into the spatial distribtof certain biogeochemical variables, such agxXdtion,
or absolute nutrients concentrations in surfacemsatvhich have a predominant role in controllitapftonic
production. Recent studies infer the importanadigbtrophic areas in the drawdown of anthropogéhie.g.

12
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Close et al., 2013}t is necessary to quantify the C fluxes in the pper water of the SW Pacificand their
potential links with N fixation.

Specific question:What is the actual zonal distribution of the maiodenic elements stocks/fluxes and trace metals in
the SW Pacific?

Subtask 1.2. Biological diversity

A major objective will be to produce an overall dgstion of the planktonic community compositionthre
SW Pacific pelagic ecosystems, providing a “funaid structure for specific analysis. A detailecdeption

of the biological diversity is essential as itypbthesised that biodiversity increases the funelicedundancy

of marine ecosystems. Such redundancy may playngoriant role in an ecosystems ability to withstand
natural and anthropogenic disturbances (Fonseca Gemthde, 2001). The need to describe a more
“operational” functional structure should not reg@ahaving a “complete” description of the species
composition. Variation in species composition pidpaemains the most effective tool in identifyingtural
and / or anthropogenic perturbations. A couplingafplementary techniques will be used along treskct,
including surface continuous flow cytometry (CYTOBUand discrete flow cytometry for bacteria, pico-,
nano-and micro-phytoplankton (Marie et al., 1998icroscope determination of taxonomy for microphyto
microzooplankton (Hasle et al., 1978) and hetepttimnanoflagellates, and imagery (zooscan, flowdam
metazooplankton taxonomy (Grosjean et al., 20085p@iated with particle counters (UVP, LISST, LOPC)
for spatial distribution and size-strucure of parkes and plankton. The UVP will also assess the
Trichodesmiunspp. colony abundance in the water column (Guidl.e2012).

A special attention will be given to studying the wversity of diazotrophs. The scientific community made
intense progress over the last decade thanks terttezgence of molecular methods, which allowed the
discovery of an increasing diversity of-fixing organisms (Zehr et al., 2001; 2008), actimepreviously
unsuspected ecological niches such as N-rich #eegsShort and Zehr, 2007; Needoba et al., 206tM

et al., 2008; Bonnet et al., 2011; Fernandez et28ll1; Dekaezemacker et al., 2013). The discowéry
heterotrophic and photo-heterotrophic (UCYN-A) dimaphs implies that Nixation is not necessarily linked
with C fixation in the euphotic zone, and fikation has recently been reported in aphoticansa{Hamersley
et al., 2011; Rahav et al., 2013) and controlled®M availability (Bonnet et al., 2013b). Howevdgespite
the increasing recognition of their abundance & dlobal ocean (Luo et al., 2012), very few studiase
examined in details the precise role and regulatioN; fixation in photo-heterotrophic and heterotrophic
(cyano) bacteria in marine waters. In the NorthifRaSubtropical Gyre (NPSG) at station ALOHA, 2ot

al. (2008) estimated that the highest integratedfidation rates occurred during summer while either
Trichodesmiumspp. or diatom blooms (mainly constituted Bftizosoleniaspp. orHemiaulusspp. with
Richelia intracellulari$ were observed. However, the Southern Pacifickiéteha negative Si* (SIOHNOs)
whereas it is strongly postive in the Northern Ra¢barmiento and Griber, 2006) and the relatimeartance

of diatoms in N fixation remains unknown in the proposed studyaak&’e should not dismiss the role of
diazotrophs living in association with diatoms asgible key players inNixation and C export (Karl et al.,
2012), and offering a link between the N and silibdogeochemical cycle$here is a clear need to study
all diazotrophs if we want to know how N fixation and therefore the oceanic N budget will espond to
global change in the ocean.

The cruise transect will cross a gradient of phigioktonic biomass identified from satellite dategyading

in situ observations to compare with such satellite-basedysis. It will be used to calibrate PHYSAT, whic
allows determining large organism’'s classes fromacep(Alvain et al. 2005; 2008), toward a better
representation of Nfixing organisms. A comparison with vertical dibtrtion of phytoplankton communities
based on surface chlorophyll determination (Uitalet 2006) will also be undertaken. Ocean colonae
sensing will also give a synoptic overview of thdocophyll concentration in the South Pacific dgrithe
cruise. In parallel, synoptic observations of $ieEST and Sea Level anomaly will provide insggabout
the physical context of the upper water column agib scale: i.e. variability of ocean stratificatiand
thermocline depth (which can be used as a proxyhemutricline depth) as well as horizontal andigalt
advection from the surrounding waters of the trahé&/ilson and Coles, 2005; Martinez et al., 200%)ese
physical observations will also be compareahtsitu measurements to validate the use of this proxy.
Specific questions:What species currently characterize the SW Pasifi@lagic ecosystems during austral summer
conditions? Which species or group is responsiblespecific functionsN; fixation, dissolved organic phosphate
utilization, bacterial production, silification ras)?

Subtask 1.3. Biogeochemical process from optical msurements

Integrated measurements of bio-optical propertigbs @Egments will be made using instruments meagurin
hyperspectral radiometry in the UV-Visible domamth UV-VIS Trios spectroradiometers (Murakami and
Dupouy, 2013). Two consecutive profiles of downwarrddiance [Ed(2,)] will be conducted at solar noon
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with a MicroPro free-fall profiler (Satlantic) equied with pressure, temperature and tilt sensa(R-
504 downward irradiance sensors for the UVR-B (869, UVR-A (325, 340 and 380 nm) and PAR (412,
443, 490 and 565 nm) spectral domains, accordinigetig@rotocol described in Tedetti et al. (2007 Bara
et al. (2013). Surface (atmospheric) irradiancé)Eswhich is equivalent to the downward irradiarast
above the sea surface [Ed(Df, will be continously measured in the same chéfiem the ship deck with
other OCR-504 downward irradiance sensors (surtfeeence). These measurements will be made taatco
for the variations in cloud conditions occurringidg measurements. Backscattering at the satelig@nels
will be obtained with the Hydroscat-6 (Dupouy ef 2008; Loisel et al., 2011). Hyperspectral lightorption
of particles and CDOM and FDOM characterizationtifvthe identification of markers of bloom degradati
in the surface, above and below the euphotic degh,.) will be performed in relation with pigment
concentrations (Task 1.1) (Coble, 1996; Tedetl.e2011; 2012). Additionally, the characterizataf optical
properties of dominant species (Dupouy et al., 268&ountered along the transect will be realidad.
addition, inorganic aerosol quantification and adpteeric radiance measurements will be continuadshe
along the transect, especially around the Vanuathigelago. Simulations reveal that in Northernaftic
atmosphere, dusts are able to induce a signifidactease of primary productivity due to the attéinnaof
light by about 15-25% for dust optical depth (DQ&rger than 0.6-0.7 (at 550 nm).

Subtask 1.4. Physical and biogeochemical characteation using Argo float profilers

We have obtained 10 Argo floats profilers and yilbbably obtained 3 additionnal profilers PROVBIO
(specific Argo floats equipped with new biogeocheahi sensors) by the GMMC (Groupe Mission
Mercator/Coriolis, the French organization for Afmats deployments). These floats will be usedstreral
objectives and mainly to obtain data at a largeetscale (until several years) than the time sufalee cruise.
The physical data obtained from the Argo-floatd laél use mainly to better characterize the gem@@llation

in the SW Pacific. It was shown that changes intti@@mohalin properties of the South Equatorialr&uir
may influence the cycle of the ENSO oscillation R&fio Southern Oscillation) at a decadal time seale
then lead to climatic feedback at a basin scale. JUTPACE cruise offers the opportunity to extendlies

on the incoming jets in the Coral Sea and specialfocus on the South of Fiji jet. Secondly, the
biogeochemical data obtained from the 3 PROVBIOlI@eg at each LD station will allow to study the
production and fate of organic matter on a longent We will focus on net community production estiion

on an annual basis. The question of whether thekfda communities in low nutrient regions of thecan,
comprising 80% of the global ocean surface aresanat producers or consumers of oxygen and fixexleC
key uncertainty in the global C cycle (Riser andrmn, 2008). The NCP estimates need to add regggén
optodes on the PROVBIO floats which equipment keddn the present request. The PROVBIO will allow
to estimate organic matter export from fluorescearod backscattering sensors (Briggs et al., 20%t)will
permit to extend the measurements after the ocoupaft the station to eventually catch the endshef
blooms.

2. Task 2: Process stations positioning - Lagrangian strategy
PIs: Andrea DOGLIOLI and Pascale BOURUET-AUBERTOT

The second major objective of this project is to sidy, at the 3 LD stations representing contrasting
oligotrophic areas, the production, mineralisationand export of organic matter and how it depends on
the N fixation process.We will quantify the flow of material (biogenicezhents) through each ecosystem
and particularly focus on the role ot fixation in the production and fate of organicThe fate of newly
fixed N by diazotrophs in the ocean has been poorlstudied so far, despite the fact that Nfixation
provides the major external source of N for the glbal ocean In most studies, the input of N brought to
surface waters by Nfixation is converted using Redfield ratios in @rdo ‘theoretically’ evaluate the C
production potentially sustained by this sourceéNoft is not clear whether this N fuels photo-atrivphic
phytoplankton and can be transferred along théhtcoghain and rapidly exported out from the euphsntine,
and/or if it fuels heterotrophic growth and therebwtributes to remineralisation in surface wateraddition,
the plankton diversity and its evolution after tevelopment of a diazotroph bloom (classical foethwersus
microbial loop) have been very poorly studied, riyantue to the difficulty of observing and monitagim
bloom in the natural environment.

Subtask 2.1. Positioning of the LD stations

A real added value for the project will be to saePlater masses along the trophic gradient claiaet by
different populations of Nfixing organisms. We expect to locate the first k@ation (A) in the Coral Sea
(north of New Caledonia) in an area dominated leyphoto-heterotrophic diazotrophs UCYN-A present at
very high abundances &QC nifH copies.t) (Moisander et al., 2010) usirdjazotroph abundance,
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diversity and gene expression assessed onboarsing gPCR (Foster et al., 2009). The intensive use of
satellite data will provide a key contribution fibve identification of the 2 other LD stations. Wgect to
locate the second LD station (B) close to thelBignds in an area dominated by the autotrophizotliephs
Trichodesmiunspp. (Dupouy et al., 2011) and/or UCYN-B, whickeafappear spatially associated in the SW
Pacific (Moisander et al., 2010). The previouslyaleped algorithmdRICHOSAT (Dupouy et al., 2011)
and PHYSAT (Alvain et al. 2005; 2008; th&richodesmiumalgorithm for PHYSAT is currently being
developed in the framework of the SAVALEFER projéet C. Menkes) will help to locafBrichodesmium
spp. blooms from space. The Third LD station (A} vé located in the western part of the South fiRagjre,

a low N fixation region (Moutin et al., 2008) where heteophic diazotrophs dominate (Bonnet et al., 2008;
Halm et al., 2011).

Subtask 2.2. Lagragian strategyincluding detailed operations onboard)

To achieve our process study at the ¢tBtions, a detailed knowledge of the local dynanscneeded. The
regions along the vessel route will be first chteazed at large scale through the analysis oflgat€SST,
Altimetry, Ocean color) and operational model dataese will be automatically retrieved and procddse
derive Eulerian and Lagrangian diagnostics of ocdaulation and biogechemistry: Okubo-Weiss paitame
maps, Lagrangian Coherent Structures, ChlorophgfysnPhytoplankton group maps. This informatiort wil
be transmitted onboard by a dedicated server a@h Tme data will be analyzed in near realtime lwotfboard
and on land in order to optimize the sampling stfataccording to the local physical and biogeochami
characteristics. This approach has already beeasessitlly implemented by our team and employednduri
several previous cruises: LATEX (Nencioli et al12) KEOPS2 (d'Ovidio et al., 2012) and STRASSEeTh
the selected area will be sampled by performingoascof multisensor MVP transects of about 40 kra at
speed of 10 knots (maximum depth of the MVP200 =ald280 m). The MVP data (CTD, Fluorescence and
LOPC) will be immediately processed onboard to fifiga second smaller area (around 25x2%)kwhere a
high resolution mapping will be performed. Moreguee phytoplanktonic assemblages will also bessesk
onboard by using surface continuous flow cytom@@ytosub) and discrete flow cytometry for bactepiap-

, hano-and micro-phytoplankton. In the smaller épeal meso and submesoscale dynamics (eddy, fiitene
and frontal processes and their impact on reggatantical fluxes and structuring the planktonienrounity)
will be characterized at very high resolution thghuMVP200 zig-zag mapping at the beginning antdatnd
of each LD station surve¥rig.4). This will allow the accurate identification dfe¢ homogeneous and coherent
water masses which will be the focus of each LB@taFor this purpose the MVP200 represents aresdly
useful instrument to sample a large zone in a shoe to preserve synopticity.
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Fig.4. Sketch of the MVP200 zig-zag mapping, with a zammthe events for a typical cast are: Deploymerae-fall,
Maximum depth, and Retrieval. Credit: ©Brooke Oc&achnology, Ltd.
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This strategy will allow the investigation of thepact of high-frequency small-scale physical phesmmanon
biomasses and biogeochemical fluxes and the idsattdn of the initial position of the Lagrangiaeference
frame for the Lagrangian navigation. Once the Lagian reference frame is defined, 3 drifters (Itredand
2 annex for each site) will be immediately dropp&decently improved version of the Lagrangian gavion
software developed during the LATEX project (Doliliet al., 2013;Fig.5) will be adopted in order to take
into account the translation of the studied watasses, as well as their rotation and deformaticai@hg the
6-day process study.

Fig.5. Example of Lagrangian navigation in a refereneent defined on the basis of the positions of thwezys (red
dots). The square spiral route performed by theeldblack star) is translated, rotated and defdr(ned to blue lines)
to follow the studied water mass.

Then, CTD and micro-structure profiles, water sangd and deployments of a drifting mooring line
(equipped with a primary production line, @roductivity autosampler and sediment traps) will be
performed close to the central drifter all along ith situ process study. The drifting mooring line will be
deployed for 24-h then recovered and then deplagaéh the following day until the end of the 6-dpyscess
study.

The sequence of operations at LD stations will$&Hows, for a sun rise at 6:00

DAY 1

- 1:00-1:30 CTD 0-200 m : sampling for oxygen produrti

- 1:30-2:.00 Plankton nets

- 2:00-3:00 CTD 0-200 m : sampling for production amalecular biology measurements

- 3:00-4:.00 CTD 0-500m Physics + Cycle sampling + optical grape

- 4:00-5:00 OPC + Plankton nets

- 5:006:00 Drifting mooring deploymentin situ production line (C,N,P,8C0O;,AO2) + O2 Productivity Autosampler

(IODA) + sediment traps

- 6:00-7:00 CTD 0-500m Physics + Cycle sampling aapgrapet

- 7:00-8:00 CTD 0-500m Physics + large volume sampdihgne depth

- 8:00-9:00 In situpumping

- 9:00-10:00 CTD 0-500m Physics + Cycle sampling #capgrape+

- 10:00-11:00 OPC + Plankton nets

- 11:00-12:00 CTD 0-500m Physics + large volume samgit one depth

- 12:00:13:00 CTD 0-500m Physics + Cycle sampling ticapgrapet+

- 13:00-15:00 Radiometric profile, plancton nets

- 15:00-16:00 CTD 0-500m Physics + Cycle sampling ticapgrapet+

- 16:00-18:00 Radiometric profile

- 18:00-19:00 CTD 0-500m Physics + Cycle sampling ticapgrape+

- 19:00-21:00n situpumping

- 21:00-22:00 CTD 0-500m Physics + Cycle sampling ticapgrape

- 22:00-24:00n situpumping

- 24:00-1:00 CTD 0-500m Physics + Cycle sampling -tcapgrape,

DAY 2
- 1:00:2:00 Plankton nets
- 3:00-4:00 CTD 0-500m Physics + Cycle sampling +agbtjrape
- 4:00-5:00 Plankton nets
- 5:00-6:00 Drifting mooring recovery
- 6:00-7:00 CTD 0-500m Physics + Cycle sampling agpgrapet
- 7:00-9:00 Sedimenttraps and IODA lines recovery
- 9:00-10:00 CTD 0-500m Physics + Cycle sampling +capgrape
- 10:00-11:00 OPC + Plankton nets
- 12:00:13:00 CTD 0-500m Physics + Cycle sampling ticapgrapet+
- 13:00-15:00 Radiometric profile, plankton nets
- 15:00-16:00 CTD 0-500m Physics + Cycle sampling ticapgrape
- 16:00-18:00 Radiometric profile
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18:00-19:00 CTD 0-500m Physics + Cycle sampling ticabgrapet
19:00-21:00 CTD rosette TMC (Trace Metal Clean) 0-2600
21:00-22:00 CTD 0-500m Physics + Cycle sampling ticapgrape
22:00-24:00m situpumping

24:00-1:00 CTD 0-500m Physics + Cycle sampling +oapgrape+

The same sequence of operations will be performedbgs 3 & 4, and on days 5 & 6. A deep CTD (swfac
bottom) cast will be undertaken before the departoithe next station.

Remark: This time schedule will provide a continsid47-h of CTD casts every 3 hours (50 CTD ca8ts),
daily measurements (24-h dusk-to-duskjnasitu production and particulate export.

Niskin Bottles (12 L) available for sampling:Rosette 24 Niskin bottles (1 miniPVM which do meed any
bottle space); Rosette TMC (Trace Metal Clean)Gbd2ZFlo bottles.

Finally, the atmosphere will be continuously sardgig a system installed at the front of the bodtemslaved

by a wind vane to collect only when the boat imiotion, and when the wind arrives effectively fréonward

as detailed in Wagener et al., (2008). 4 samplébavsampled simultaneously in order to quantify luxes

of nutrients and micronutrients brought by the api®re, and also to evaluate the soluble fraction
(bioavailable) by dissolution experiments performadoard as detailed in Ternon et al., (2008)his way,
water, heat and moment surface fluxes, will beudated with considering the bulk method in ordesvaluate

the atmospheric forcing on the mixed layer actieityl its temporal variability.

Subtask 2.3. Estimation of the turbulent activity

For each CTD profile, each variable (T, $) @ill be measured at 24 Hz and the vertical peobf the
horizontal current (LADCP) calculated with a veaficesolution of 4 m (LADCP). The data treatmenl wi
give average profiles and T-S anomalies with aentical resolution, the amplitudes of internal ws\and

in some cases density inversions, which are indlisaif turbulent activity.

The microstructure profiles will give the rate aglpation of the turbulent kinetic energy, the weddfusion
coefficient will be deducted and used to calcutageturbulent fluxes. These direct measurementsalgbd
allow to validate the fine scale parameterizatidnclv provides dissipation as a function of finelschear
and stratification. These parameterizations dependke level of turbulence and on the processatirig to
turbulence so it is crucial to collect more joinTLADCP and turbulence measurements to refineethes
relations. The temporal repetition of profiles viak done days 1, 3 and 5 with profiles performeshed h
with VMP250 (a light microstructure profiler able profile down to 500 m). These measurements will b
performed just after the CTD-Physics so that thestign of the impact of turbulence on phytoplancton
distribution could be addressed and computatiofsagfeochemical fluxes performed.

3. Task 3: Production and fate of organic matter in contrasted environments
PlIs: Sophie BONNET and Ilana BERMAN-FRANK

Subtask 3.1.Measurements of nutrient concentrations and/or avdabilities in the photic zone, and
identification and quantification of the major external fluxes.

Nutrient availability (N, P, Si, Fe) in the photione controls primary production of organic matéer
thus exerts a strong influence on the species csitinpo of the food web. It is dependent on severgiit,
recycling and export fluxes. Nutrient concentragiomthe upper layer represent the equilibriumeshatween
all those fluxes and is the first indicator of memit availability.Nevertheless, as nutrient concentrations are
very low in marine oligotrophic habitats, these mesurements represent a major observational
challenge Nanomolar methods developed by the proposed teitinbbe used for nutrient concentrations
measurements when necessary (Rimmelin & Moutin52B@mmelin et al., 2007, Pascoa et al., 2012).
New nutrient inputs in the upper mixed layer inéufluxes induced by ocean dynamics (meso- and
submesoscale pumping; vertical turbulent mixingpldgical sources (N fixation) and surface fluxes
(atmospheric deposition). The dynamics of meso-saiinesoscale structures are often associatedtnotig
vertical motion that can induce intense upwellifhg@eper, nutrient-rich waters into the euphoticez@_evy
et al., 2012). The impact of those structures gulaing local nutrient availability and primaryggiuction
will be investigated through the observations descrin Task 2.

Vertical turbulent mixing is a key process driviplnysical and biogeochemical fluxes between the dhiiacger
and the stratified ocean (Cuypers et al., 2012)camdstrongly impact primary production (Levy ef 2012).
While mixing in the mixed layer is mostly driven Hirect atmospheric forcing, mixing in the stradiwater
column is mainly driven by internal wave breakifrgernal waves can be generated from inertial cusrat
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the surface or tidal forcing at the bottom. Thelgtarea encompasses a large variety of environmegeasding
the internal waves (Internal tides notably varyniretrong to negligible over the cruise area). Ad we
expect significant mixing resulting from instab#g of the strong currents of the western partrdfoee the
measurements would provide a unique data set dearacg turbulent mixing in a poorly sampled aszal
under a variety of internal wave dynamical regingex different current structures. Microstructure
measurements that resolve the dissipative scalebevperformed using a tethered microstructurdilero
VMP250. This profiler, which can profile down to®én is equipped with microsensors for temperatack a
shear that enable two independent accurate estiroftiee eddy diffusion coefficient Kz. These tvatimates
will be used to test the relevance of the differgmlirect methods based on classical CTD and ADCP
measurements. This validation will allow to estin&z also when microstructure measurements are not
performed. The same strategy has been used bydpesed team during the BOUM cruise (Cuypers et al.
2012).

In addition to the input of nutrients by turbulent mixing, we will quantify the N input through biological

N2 fixation, as it may be a major source in the SW Pacific. Sav&l net Mfixation rates will be measured at
every station (SD and LD) between 0 and 2000 midesing both the acetylene reduction method (Capone
1993) and thé®N; labelling procedure, incubation (24 h) and massspmetry analyses (MIO Marseille) as
described in Montoya et al., (1996) and Bonnet.e{2011). ThéN, enriched seawater method (Mohr et al.,
2010; Wilson et al., 2012; Grosskopf et al., 200#) be used during the cruise and several metimbel-
comparisons will be performed between i bubble method and tHéN, seawater enriched method, both
performed under trace metal and DOM-clean (Bonnhak £2009) and non-trace metal clean and DOMrclea
procedures.

In order to better understand the relationship betw(photo)-heterotrophic diazotrophs and DOM, vile w
perform DOM characterization through FT-ICR MS d@als the detection of individual DOM compounds)
simultaneously to Nfixation measurement and diazotrophs diversity.

Aeolian dust transport represents, on a globaestia¢ dominant source of iron, an essential migrgamt for
phytoplankton growth, to the ocean (Jickells et26l05). Some of the Melanesian archipelagos cdadseng
the transect (Vanuatu, Fiji) exhibit active volcaapwhich have been seen (in the North Pacifigrewide
sources of very soluble and bioavailable trace isaizch as iron (Olgun et al., 2011) and potentidliand

P. Consequently, dust inputs could stimuiatsitu biological productivity in oligotrophic ecosysteraad
alter community composition, distribution of nutrie and finally the net sequestration of atmosgh&.

We will quantify the input of nutrients by the atmosphere and study the influence of dust deposit ohe
food web and their potential impact on N fixation, using microcosm experiments.

Specific questions:ls N fixation a major source of new N for primary pration in the photic layer? Do direct
measurements of eddy diffusion coefficients redslgregree with previous estimations? What couldhgerole of dust?

Subtask 3.2. Organic matter production and food we structure

Because of light/energy requirements, marine omartter is almost entirely produced in the upgetic
zone of the ocean. Variable primary productionl&geby physical processes acting over a wide rafigeales
interacts with predation to define the species amsitipn of planktonic populations (Gargett & Marg£02).
The basic principle of the conceptual food webditre, which has not been critically challengedtsiits
original description (Johannes, 1965; Thingstaal.€1999), is to consider two trophic strategiesmdtrophy
refering to organisms that feed by taking up digssinutrients and phagotrophy refering to organitdras
feed by eating particulate matter. Osmotrophs ohellboth heterotrophic bacteria and autotrophic
phytoplankton, while the predatory food chain imgla protozoa, mesozooplankton and higher predgtrs
heterotrophs).

Biogeochemical fluxes in relation to osmotrophiogarction

We will measure fluxes of biogenic elements (inahgdC) and determine parameters that will helpresent
these fluxes (P vs | parameters, ¥max affinity constants...). Classical approaches usitagple {°N, 1°C)
and unstable'{C, 3P, 3?Si) isotopes for measuring biogeochemical fluxdbhei used for bulk measurements,
along with new techniques at the single-cell lewaijch address by which species (or group of sggae
specific element has been taken New methods concerning both dominant species sepéicm as cell
sorting by flow cytometry developed by the proposedeam (Duhamel et al., 2009, Gregori et al., 2011;
Talarmin et al., 2011and low detection limits of chemical analyses willllow us to define species-specific
uptake parameters.The contribution of mixotrophy and photoheterotrppo the biogeochemical fluxes of
C and N will be studied together with the envirombaé factors that control mixotrophy and symbidsys
microbial eukaryoteslThe methods proposed will allow us to significantlymprove our understanding of
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the factors controlling the distribution and activity of different groups of plankton functional typesand

to link their phylogenetic and functional diversity.

Regarding MHixing organisms, recent major development in SIf&2condary lon Mass Spectrometry)
instrumentation (NanoSIMS 50TM) now allows for theasurement of isotopic ratios with a spatial resmh
better than 100 nm (Guerquin-Kern et al., 2005d8kn et al., 1992). The capability of such instemtnto
measure isotopic composition makes it suitablegudysenvironmental microbiology at the single-deitel
(Lechene et al., 2006). Most of these recentlyalisped N-fixing micro-organisms are uncultured and many
unresolved questions remain about their physiokgy their importance in term of input of new N het
ocean. The nanoSIMS technology associated withsodling (Thompson et al., 2012; Bonnet et alRév.)

or FISH (HISM-SIMS, Thompson et al., 2012, Krupkek, 2013) will be applied to assess the contiilou
of every diazotrophic group to overall fluxes, asetermine organic/inorganic nutrients controllirgpit
activity. We will focus on the recently describe@UN (Moisander et al. 2010, Thompson et al. 20X2upg
whose role in C and N cycling is not well understdioanks to recent methods developments realizetdoy
proposed team (see references above).

The silicification process in marine diatoms wi# lmvestigated at the single-cell level using tiVIPO
labelling technique (Leblanc & Hutchins, 2005).

Phagotroph production (secondary production)

The planktonic food web structure influences the & primary production in the ocean and has apueseces
for the CQ transfer process. It is generally understood Wian small eukaryotes or prokaryotes dominate
the microbial community, the grazers of picoplamkéoe small protozoa which do not produce rapiotliging
faecal pelletsDespite their omnipresence and their pivotal roler the energy flow in marine waters on a
global scale, the physiological ecology of theseganisms is poorly understoodSeveral grazing steps are
necessary to enable primary production to be iraratpd into the upper trophic levels. Thereforesinod the

C fixed by phytoplankton is respired and remineedi by the microbial community in the surface mibasekr
and there is little or no net uptake of £ftdm the atmosphere to the sea. In contrast, Wdrge phytoplankton
cells dominate, they can either sink to depth ogtzezed by copepods and other mesozooplankton which
produce rapidly sinking faecal pellets. Howeversamoplankton, i.e. copepods, have recently beepled
to lower trophic levels in the eastern Mediterran8aa (Thingstad et al. 2005) and their contriloutiiothe C
cycle of oligotrophic areas needs to be reconsitiérbe upper meso- and macrozooplankton, largely
under-sampled by classical techniques, may also sificantly contribute to the vertical transport of
organic matter.

An apparently high contribution of diazotroph Nztwoplankton directly east of New Caledonia wasmtdge
evidenced (Hunt et al., 2013), supporting similadihgs in diazotroph rich areas of the Atlantia(ids et al.
2013). It is possible to trace the diazotroph digreathrough the macrozooplankton to the micronekto
component of the food web. These are the firstiléetatable isotope measurements of the pelagicraority
presented for the region. We will now increase ghegraphic coverage of zooplankton and stable pgoto
sampling across the SW Pacific diazotroph gradsgecifically to investigate the relative contributons of
diazotrophs to food web N and the their role in stacturing community composition. We will apply bulk
stable isotope analysis in combination with amino@d specific N isotope analysis (CSIA)The latter
method provides the added resolving power of diestimate of source N isotope signature for angmisyn
measured (McClelland et al. 2003) key question remains what are the pathways thatixed N takes to
reach primary consumers (microzooplankton and zooplnkton grazers) and upwards. In part we can
contribute to answering this question by detail@etges level stable isotope analysis of all lowephiic level
community components. Additional insights will bairged by experimental studies using labelled Netrsc
(Loick-Wilde et al. 2012).

Specific questionsWhat are the characteristics of the dominant speca@ncerning photosynthesis, fixation, nutrient
uptake, osmotrophy and phagotrophy?

Subtask 3.3. Fate of Nfixation

Although direct evidence of trophic transfer frormzbtrophs through planktonic food webs is lacksigdies
based on natural abundance'®f in suspended particles and zooplankton suggast\tHrom diazotrophy
would support a part of primary and secondary pectido in the subtropical Atlantic Ocean (Montoyaakt
2002; Landrum et al., 2011). In addition, a lowta&N signature of exported material at the time sesiason
HOT (Karl et al., 1997; 2002; Casciotti et al., 8D0and of nitrate accumulating in the upper theasime of
the Sargasso Sea (Knapp et al., 2008) would irelibett recently fixed N is transferred out of thteotic
zone. As fragments ofrichodesmiunspp. are rarely recovered in sediment traps (Wal$892) and are
mostly ungrazed (O’Neil, 1999), transfer of fixedd\orobably done through the dissolved pool (MU#ral,
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2007). IndeedTrichodesmiunspp. has been seen in the natural environmeninacwltures to release up to
50-80% of recently fixed Nas dissolved organic N (DON) and ammonium {NHCapone et al., 1994;
Mulholland et al., 2005) potentially available grrrounding planktonic communities. AlternativeByandes

et al., (1998) suggested that some material deffieed N, fixation can be remineralized in surface waters,
lightening the isotopic nitrate signal, which maygropagated along the trophic chain.

The lack of knowledge regarding the fate offidation is essentially due to the lack of techugg allowing to
trace the N transfer through the different compartts of the food web. We propose here to overceset
difficulties by using a combination of techniquas\ygously used by the proposed team in the framkwbr
the VAHINE project, including: 1/ high-resolutionanometer scale secondary ion mass spectrometry
(NanoSIMS) coupled to 2/ flow cytometry cell sogiand 3#°N. isotopic labelling (Bonnet et al., Sub.).
Previous studies have shown that increased TERugtiod by Trichodesmiunwas coupled with caspase
activation and programmed Cell Death (PCD, Bermamik et al., 2004, 2007). The concentration of TEP
will be correlated to PCD of diazotrophs using diagtic genetic markers currently developed by nigen-
Frank (Bar llan Univ., Israel).

In order to quantify the part of export producttbat has been sustained byfitation, ad'®>N budget will be
performed at LD stations, based 8N natural abundance (collaboration with A. Knapjgriela State
University, see similar calculations in Knapp et aD05). Using thi$**N budget, we will determine what
fraction of export production is supported by fikation. By multiplying the fraction of export pduction
supported by MNfixation by the particulate nitrogen sinking fluxe can calculate an absolutefiXation rate

for the duration of the sediment trap deploymeit @@mpare them with direct measurements.

Specific questionsWhat is the fate of Nixation?Does programmed cell death ((PCD), induced in softlee dominant
diazotrophs — Trichodesmium) induce enhanced & mtixport as we see from lab experiments? Can emtifg changes

in physiological status of the populations usingdP@arkers (Bar-Zeev et al. 2013)?

4. Task 4: Mineralization and export of organic matter
PI: Benjamin VAN MOOY

Subtask 4.1. Organic matter mineralization and foodveb structure
The study of organic matter degradation will foousthe relationship between mineralization and dvéadt
diversity. Hence, examining the relationships between diversitand functionality within the bacterial
community (ectoenzymatic activity, uptake of spedi€ organic compounds representative of a chemical
family) is a major challenge for understanding theimpact of prokaryotic heterotrophic processes on
mineralization of organic matter along the water ctumn. We will also study the factors controlling
bacterial production and the consequences of soctiads on heterotrophic activity, and the hydradysite
of Dissolved Organic N and P.
The wide geographical and vertical (in the oceam@ter column) distribution of photo-heterotrophic
diazotrophs (UCYN-A) (Luo et al., 2012) suggesesythrebound to have a key role in global Nfixation.
However, failure to isolate and maintain these oigras in culture limits our knowledge on their wit$i and
nutritional needs (Zehr, 2011). While the genatfoimation of these organisms reveals their depgcelen
organic matter (Riemann et al., 2010; Tripp et2010), this relationship has not been studiecaed/¥e will
perform microcosm experiments at LD stations to vasether different sources of DOM (C-enriched, N-
enriched or P-enriched commercially available sesirand naturah situ DOM) trigger N fixation and/or
the expression of nifH by different groups of hetesphic diazotrophs. Additional nutrient amendment
experiments will be performed usiki- and®N-labelled organic molecule and tH¢SH-SIMS (Thompson
et al., 2012)method in order to identify which diazotrophs askite which organic molecule and in which
uantity.
gpecificyquestions:What are the changes in prokaryotic heterotroptitivéty and community composition in relation
with horizontal (west-east) and vertical (surfaoalepth) nutrient gradients and the compositioriligbof the dissolved
organic matter?

Subtask 4.2. Organic matter export (particulate anddissolved matter)

The structure of pelagic ecosystems influencesitte and type of downward flux of biogenic C in gea
(Legendre and Rassoulzadegan, 1996). This vefticals composed mainly of large particles sucHeasl
pellets, hard parts of zooplankton, amorphous &gges, marine snow (Fowler and Knauer, 1986; Séwer
Gowing, 1991), and senescent diatoms, particularthe aftermath of blooms (Billet et al., 1983kchl
pellets can sink quickly: 20-900 mtdor copepods (Welschmeyer and Lorenzen, 1985)uartd 2700 m d
Lfor large gelatinous zooplankton (Bruland and&i\t981; Madin and Purcell, 1992). High sinkintpegies
can lead to the efficient export of biogenic C. Tdmvnward flux of biogenic C can therefore be l&rge
dominated by C of zooplankton origin (Thibault &f 4999). We will deploy sediment traps (see Tagkr
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detailed strategy) andill study the C/N/P/Si stoichiometry of settlingparticulate matter because despite
its biogeochemical relevance, there are few direcheasurements availablgGeider & La Roche, 2002).
We will also examine the role of larger particulatatter responsible for the marine snow rarely ofeskin
oligotrophic areas and quantify instantaneous D@@be. A special attention will be given on theedir
export of diazotrophs. We will use complementaryasugements of export using the Underwater Vision
Profiler (UVP; Picheral et al. 2010) to assessivarPOC flux from particle size distribution (PS{@uidi et

al. 2008) and vertical distribution of zooplank{@iemmann et al., 2008) that are directly linketh®vertical
flux. We will also complement the zooplankton dimition by an indirect estimate of zooplankton et
profiles through acoustics from the ship borne SS&Dand Lowered ADCP on stations as well as from ER
60 (200 kHz) echosounder. In addition, using imdgas the UVP, we will describe vertical, horizohtand
temporal evolution of th&richodesmiunspp. colonies similar to what has been done recamtlhe North
Pacific (Guidi et al. 2012)Trichodesmium spp. colonies will be spatially and temporally corelated to
vertical particle flux and their potential contribu tion will be estimated.

It has been recently reported that bacteria livimghin colonies of the Mfixing cyanobacterium
Trichodesmiunspp. use cell-cell signaling to regulate the degiad of organic phosphorus compounds (Van
Mooy et al., 2012). In a separate study, it hasibeend that bacteria living on sinking particleayralso use
cell-cell signaling to regulate organic matter @detation (Hmelo et al., 2011). Finally, rates offNation
were also found to be affected by cell-cell sigmaliVan Mooy and Dyhrman, unpublished). We will ¢one
these three findings and ask the next questiomw does cell-cell signalingvia acylated homoserine lactone
(AHL) and autoinducer-2 (Al-2) molecules in senedgcEichodesmiunspp. coloniesffect the export of
new organic N in sinking particle®

Specific questionsWhat is the ratio of particulate vs dissolved organatter export? What is the role of Trichodesmium
spp., and of cell-cell signalling in the export?

5. Task 5: Modelling - PI : Melika BAKLOUTI

The multidisciplinary field data gathered during tBUTPACE cruise will be available for the interoaal
community as soon as possible (CYBER data basefder to help in representing the interactions betw
climate, biogeochemical cycles and marine ecosystAgsociated with this data setnulti-scale modelling
approach is proposed from the beginning of the OUTRCE project in order to understand the interactions
between the biogeochemical cycles of the biogel@ments and the dynamics of the planktonic trophic
network. Modelling will be used in interaction withservation and measurements at several scaleatand
several moments of the project in order to optintimepotential of each of these tools. This modgléitrategy
relies on the use of a realistic non-Redfieldiasgbbchemical model which will benefit from seveyadvious
work (Baklouti et al., 2006a, Mauriac et al., 20B&aklouti et al., 2011, Alekseenko et al., 2013] arich is
fully relevant to study the complex interactionsween the C, N and P cycles.

Subtask 5.1. Process scale studies

We first plan to focus on some physical and biogeatcal processes through (i) the zero-dimensifia)
modelling of microcosm experiments performed dutihg field work and through (ii) the simplified 1D
vertical modelling of the physical and biogeocheahigrocesses at the LD stations. These statiorsbwiil
positioned in regions where the horizontal varigbibf the hydrological and biogeochemical propestis
supposed to be low over the duration of samplinginggait possible to consider a 1DV modelling apmtoa
Moreover, the majority of the model’'s needs, imterof state variables and parameters, will be aedui
through in situ measurements or by controlled &#s/i.e. sampling and microcosms during the estis
Microcosm experiments and modelling (OD) are impuatrtfor several reasons, the main one being tlegt th
provide a vision of the biogeochemical and troptb functioning deconvoluted from hydrodynamic &$pe
This is a critical step towards the understandirtg®ecosystem. Microcosms are also useful toieeqgartain
model parameters (characteristics of nutrient &aksion, photosynthetic parameters, respiratioresat
mineralisation...) and to test or develop new mattécal formulations for processes where currenmida
are not validated or represented. It is also ingdrthat these microcosm experiments are underiddaeng
the cruises (or field studies) with in situ watanmgples in order to obtain parameters which areesgmtative
of the studied ecosystem.

In practice, a biogeochemical model relevant for B&¥ific waters and developed during the VAHINE@cb
will be used to model the OD experiments. It isdoasn a previous version of a biogeochemical model
developed for the Mediterranean Sea which incl®l&ghctional types, namely bacteria, two phytoptank
size-classes, HNF, ciliates and mesozooplanktomdunth was already implemented in the Eco3M modelli
tool (Baklouti et al., 2006b). In this model, orggans have flexible stoichiometry and are repregkimeerms

21



OUTPACE — ANR projet international | 2014

of C, N, P biomasses as well as in abundancesditeotroph Trichodesmium spp. and other unicellular
diazotrophs have been added. This model successtutipared with available data can already be asexh

a priori model to help in designing the microcostpeximents that will be held on board. The measerdm
will in turn be useful to refine the a priori model

Subtask 5.2.1n situ experiments at the LD stations (1DV)

The major objective of 1DV modelling is to represenfluxes of biogenic elements in the surface layer
and provide an accurate budget on the fate of therganic C produced (Re-mineralisation, export) The
use of a flexible stoichiometry model (non Redfiaig will potentially make it possible to illusteathe
decoupling of the biogenic element cycles in thigadtophic ocean. The objective is to understara th
production and fate of organic matter in the oligphic food web, and their role in the global Cleydo
achieve this, we will proceed to the extractiontlebse criteria which appear essential in providing
satisfactory representation of the marine pelagasgstem and biogenic element fluxes. The complefit
the trophic relationships will be simplified by fe&ing on the groups of species having similar aeemical
functions (i.e. functional groups). The relevantée 1DV modelling will depends on in situ measneats
carried out at the LD stations. Indeed, a certaimber of parameters which will be measured arenéiaséor
achieving a realistic representation of the dynarofdhe pelagic ecosystem and thus a preciseastiofi the
C budget. These parameters include all the parasnetiated to phytoplankton photosynthesis anditdemt
uptake by the plankton. In coupled physical-bio¢paical models, the parameterization of turbulesce
frequently a source of error, because it is basedmpirical laws, and because these laws are eot ri
calibrated for each studied site (typical valuesntb in the literature are used to parameterizeetiesss).
Here, it will be possible to use realistic vertipadfiles in the hydrodynamic 1DV model to accukagstimate
the coefficients of turbulent vertical diffusionkz- (cf Task 2.3). The use of such realistic pexilis an
essential step in representing the mixing procasgée surface layer and the nutrient fluxes atiihse of the
euphotic layer. The biogeochemical model that kéllused for the 1DV configuration is the same a0
one except that it will benefit from the refinirtgat will have been done thanks to the microcosneexents.
This type of model enables us to obtain a reprasientof the biogeochemical cycles of the princigiabenic
elements (C, N, P) as well as representing organf&ienctional” groups) that play a key role in thaamics
of organic C production and transfer. The wholexdatt collected from the LD stations, and in palticthe
data obtained in a quasi-continuous manner suaitrase fluxes and stocks, will offer the uniquesgibility
of validating the coupled model which shouldimtprovide the lacking information to fully undensd the
biogeochemical functioning of the oligotrophic watef SW Pacific.

Specific questions:ls it possible to reproduce, with only one uniqustsuctured model, the principal physical and
biogeochemical characteristics of the differengotrophic areas studied?

6. Task 6: Scientific communication — Promotion of Science

The results from the OUTPACE project will be disgated to the whole national and international ridie
community through publications in peer-review jaisnand participation to international scientifanterences
(see Section 3.). They will also be available bo@ad audience at several steps of the project:

- A dedicated OUTPACE website will be set up to exgeinformations regarding the project. All broad
audience communication operations wil be availaiehis website as well as the database of theegiroj
which will be in restricted access

- During the cruise, we will implement a blog desiripthe daily life and science onboard for a broad
audience, as previously done in the past on the BQtuiise (same Pl as OUTPACE, http://www.mio.univ-
amu.fr/ BOUM/IMG/pdf/Carnet_de_bord_BOUM.pdf) to comnicate to the public the role of scientists
working in oceanography.

- A documentary film will be realized by CANAL IRD hyM Boré and H. Bataille as we have previously
done in 2010 and 2013 (see movie http://www.ild-fimMediatheque/videos-en-ligne-canal-ird/des-tsesid-
fait-trop-chaud and http://mww.ird.fr/la-mediatheduideos-en-ligne-canal-ird/mission-vahine) and | wike
available on the OUTPACE dedicated website

- Before the cruise starting from Noumea, New Cal@lan‘communiqué de presse’ will be sent by Mina
Vilayleck (Director of Communication at IRD Noumess usually done by IRD Center Noumea and the event
will be covered by local and national TV and raglios

- During and after the data exploitation, resultsrfittve project will be disseminated through the ckdd
website, press releases in the local press (ré&#dDA and New Caledonia), vulgarization scientditicles
such as ‘Sciences au Sud’, or other vulgarizatf@rations as previously done in the past with Frdnter and
France Culture. The OUTPACE team is already inamimwith journalists from these medias. We will erndke
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communication operations, such as the ‘La fétead&dience’ (http://www.drrt-paca.fr/Culture-sciéigtie-
technique-et-industrielle/La-Fete-de-la-Science22&i-PACA), as performed in 2012 for the TV Broati¢a4h
sur la Terre’ (http://www.terre.tv/fr/5133_24h-darterre-2012---3h). This will be a good opporturd expose
the main results obtained in the OUTPACE projecthe public and increase its awarendstherole of the
marine ecosystems into our daily life, and the s&itgto protect marine resources. It is also @ ggportunity to
communicate/explain to a young public the job ekecher.

All these communication operations will be donecamsultation with the Communication department of-A
Marseille University and MIO (E. Lamadie, C. WalchiRD (C. Duos, attachée de presse), M. Carragéd4cteur
en chef’ ‘Science au Sud’), and V. Arnaud, in clkearfithe external communication), and Mina Vilayédirector
of communication at IRD Noumea).

- Finally, the OUTPACE project Teaching-mentoringlviié used as a support for training/mentoring
students (see Section 3)

A specific budget will be dedicated to these comigation operations (see Section 2.5).

2.3. TASK SCHEDULE

Task 5
Implementation
Eco3M Model
*Cruise preparation*
(shipping equipment to NC)
*Atalante ¢ N
Cruise* Analyses from Task 1 (SD Stations)
Chemical, biogeochemical, biological and optical
J
Task 1 - N
Collection of i
samples Samples/data analyses from Task 3 (LD Stations)
o Radio-/stable isotopic analyses, zoopk, nanoSIMS...
5 Task 2
o LD stations
E positioning Samples/cldat? analyses from Task 4 (LD Statior,s) :
@ BP/hetero N,-fixation, Traps, UVP/S-ADCP, Cell-cell signaling
Q
2 Task 3 N
o s Task 5: Multi-scale modelling
(@) samples >
; Process scale studies
In situ experiments at LD stations
Task 4
Collection of
samples Conferences (ASLO, AGU, EGU + national workshops)
Special session OSM New Orleans 2016
Task 5
Samples
collection model Publications in peer-reviewed
validation journals (Special Issue) + others
Promotion, Communication, Teaching
- Scientific movie (CANAL IRD) - Teaching and mentoring
- Press release (‘Sciences au Sud, local press), website - ‘Féte de la Science’
g Pre-cruise meeting Pre-cruise meeting Post cruise meeting Workshop Workshop
2 (all participants) (organizing comitee) (all participants)  (Physical part) (Biogeochemical part) Final meeting
E — m—— — — — —_—
e}
s Report Report Project report Report Report Final report
2014 2015 2016 2017

Fig. 6. Diagram showing the work schedule of the projegtTask and date of project meetings and repotte T
dependency between tasks is indicated by the arf@xegpt for Task 6 and publications, for whichaatows cannot be
drawn, as they are in relation with all the othasKs).

2.4. TEAM DESCRIPTION

This collaborative project leaded by a French PI (T Moutin) will confirm the expertise of the French
scientific community in oceanography, and will offae opportunity to reinforce the French collaliorzs
with international teams. The projebtings together around 50 scientists from 7 Frenchresearch
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laboratories and universities in 5 foreign countris (USA, Partner WHOI), Germany, Israel (Partner
Bar Ilan University), Sweden, Fidji) and illustrates well the attractiveness of France in Oceanography
Fundings have already been obtained by the foreigparticipants of OUTPACE, and co-funding has been
obtained by French participants through the LEREy@mmme (INSU, 51 k€) and the MIO Institute (17 &€)
set up the cruisgéhe ANR funding is necessary for the completion anglalorisation of the project

The OUTPACE project is based on the strong exgeotfigach partner in their complementary reseaetifsf
chemistry, optics, marine biogeochemistry, marine mgrobiology, molecular ecology, genetics, and
modelling. Every partner and member is fully qualified to méet objectives they are in charge(68ke
publication list of participants and below).

PARTNER 1, AMU-MIO. The lead research institute is tediterranean Institute of Oceanography (MIO)
which is part ofAix-Marseille University (AMU) With roots dating back to 1409, the AMU was fochiey
themerger of 3 Universitien 2012, resulting in the creation of the largestversity in France and the French-
speaking world, with about 70,000 students. AMU Has largest financial endowment of any academic
institution in France, standing at €650 million. ANhas produced many notable alumni, as 4 Nobeldzdas.

In the 2012Academic Ranking of World Universities (ARWUhe University was ranked 101-150th in the
world, making it the 4th highest ranked Universityrrance. The MIO, within the AMU, is one of thielest,
largest, and most important centers for oceanoggapBearch and training in France. Currently, Ntaff
numbers approximately 250, including about 90 Rscwnd some 50 graduate students. Oceanographic
research at MIO covers many aspects of the fiatdyuding physical, biological, and chemical oceaapfy

and the MIO is particularly qualified in the phyasitbiogeochemical coupling and: Nxation, two majors
domains necessary to complete the OUTPACE projéet MIO promotes prolific international collabacats

with European and non-European countries, througéolvement in programs such as SESAME,
EUROCEANS, and many international research projectmnographic successful expeditions leaded by
scientists from the MIO such as MINOS, KEOPS, BO T. Moutin), which involved, like the OUTPACE
project a strong coupling between Physics/Biogewmisiey/Microbiology. The MIO is a member of the
European network of excellence for Ocean Ecosystdneysis and stands out in integrating marine
ecosystems, foodweb, climate change and marineinees research. The MIO has been ranked A+ by the
Evaluation Agency for Research and Higher educg#deRES) in 2012, thanks to its high levels of high
ranking publications and the scientists from Mi@dlved in OUTPACE are perfectly qualified to answies
scientific questions of the project.

PARTNER 2, LOCEAN is an UMR between the UPMC, the CNRS, the IRD tedMNHN. LOCEAN has

a core research component on ocean dynamics agedmloemistry with a strong implication in instrurtan
development anth situ measurements. The team involved in the projedtegatpecialists of turbulence and
internal waves, an engineer in marine technicslugebin instrumental development, three chemisid an
biogeochemists and 2 specialists of submeso-sgaknuics.

PARTNER 3, LOV is an UMR, between the UPMC and the CNRS. LOV ciwhiosts about 50 permanent
staff (roughly equally divided into researchersidsints/postdocs, and technical staff), is a laboyathich
prime activities are in optical, biogeochemical amdironmental oceanography. It is actively invadlve the
development oin situ experimentation and the implementation of novsiriiments to monitor and study the
ocean, techniques that will be used in the framkwbOUTPACE.

PARTNER 4, The Woods Hole Oceanographic InstitutiofWHOI) is a private, independent, not-for-profit
corporation dedicated to research and higher eiducat the frontiers of ocean science. Its primargsion

is to develop and effectively communicate a funda@aeunderstanding of the processes and charéatsris
governing how the oceans function and how theyraetewith the Earth as a whole. With over 1,000
employees, WHOI is the largest institution of itsckin the US. WHOI has granted PhD degrees thrauy
agreement with the Massachusetts Institute of Taoly for over 40 years. Furthermore, WHOI is noelty
ranked as one of the top ten institutions for pest@mong all universities and research institutiorthe US.
WHOI is host to the Ocean Observing Initiative, amaintains collaborative studies on all seven cemtis.
The facilities available for this project are witte laboratory of Associate Scientist Benjamin Wéooy, and
include mass spectrometers for analysis of biocb@mwithin Trichodesmiumand field equipment for
sampling the sinking particulate export flux. hushentation and equipment for more routine analgeid
sampling are also dedicated for use by Van Moogosig.
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PARTNER 5, Bar-llan University (BIU) in Ramat Gan, Israel was established in 1955.Baris currently
Israel's largest academic institution, with 33,80Qftlents in the main campus and regional collegamd the
country. Marine research at BIU includes the Betf physical oceanography, biological oceanography
Marine biology and ecology, and chemical oceandgrapresently Bar llan University has joined theviye
founded Mediterranean Sea Research Center of I@vHERCI), a consortium of six universities and two
governmental research institutes. IBF is an aatimsmber of this center and the head of the educdtion
committee for undergraduate and graduate prograthewhe Center. The facilities at the |. B-F Laatory

at Bar-llan University are well equipped for thelewular, physiological and biochemical analysesiregl

for the resulting OUTPACE samples including speaatometers, epifluorescent microscopes, a FID-GC,
PCR thermocycler, nucleic acid and protein eledtoopsis. IBF will also bring aboard the OUTPACEiseu

a new next- generation submersible FIRe fluorometgrable of measuring the variable fluorescence of
photosynthetic organisnis situ.

In summary, the proposed team integrates variougplmnentary disciplinary fields required to meet th
objective of OUTPACE. At the international levelneo objective of our project is to reinforce exigtin
collaborations inside and outside Europe. An ingodrtpoint is that most of the partners have already
collaborated together in the framework of recetgrimational cruises (BIOSOPE, BOUM, ETSP), and have
thus already an experience of working and publghigether, which is a gage of success for thigptowe
counted 125 recent (since 2008) publications (Fn&f the members of the OUTPACE community directly
related with the main scientific questions of OUTEEA (including several ones in the prestigious magaz
Nature and Science, including the PIs of OUTPACE).

Quick presentation of the PI:

Thierry MOUTIN, Istclass Professor at the « Institut Méditerranéercdddologie (MIO) of Aix-Marseille
University (AMU) is co-responsible of the « Phydiead Biogeochemical Oceanography » specialty ef th
Oceanographic Master. He works on the biogeochémryctes of biogenic elements in the photic laykthe
ocean, and particularly on the biological C pump. lris a long term expertise in oceanography, attend
numerous oceanographic cruises and publisheddi#tsen 52 A rank papersi{index: 20; 5.3 papers/year
over the last 3 year} Thierry Moutin is also fully experienced in managirg international projects such

as OUTPACE. He has been the leader and chief scigitof the BOUM project between 2008-2012
(European and national funding, 50 international stentists), which has been a real success (citedas
example in the evaluation report by the French Oce@graphic Fleet Commission in June 2013) and
leaded to more than 30 rank A international publicdions (24 in a Biogeosciences special issue co-
organized by Thierry Moutin; http://www.biogeosaies.net/special_issue82.htnly. of these international
publications were written in collaboration with members of the OUTPACE community.

2.5. JUSTIFICATION OF REQUESTED RESOURCES (398.9 k€)
PARTNER 1: M | O (334.9 k€, including management fes: 12.9 k€)

Staff (194.9 k€)

- Post-Doc(2 years, 107.8 k€): The main scientific goaltaf post-doc will be the study of the impact of the
coupled physical-biogeochemical submesoscale psesamn the carbon export in the three contrastieg s
sampled during the LD stations. The postdoctot&viewill help in implementation of the softwareais for

the adaptive strategy that will be used forithsitu biogeochemical process studies. She/He will dharge

of the treatment and analysis of the data thatheilbbtained during the high frequency and higblogi®n
mappings performed in the areas identified for tiagrangian LD stations. She/He will interpret the
measurements in the context of the large-scaleqdlymnd biogeochemical environment observed lsllgat
and simulated by numerical models. The candidatelldhhave a PhD in Physical Oceanography with a
background in in-situ observation and/or remotessgnand excellent skills in computer programming.

- PhD student(3 years, 87.1 k€): The doctoral fellow requestedhe MIO will be dedicated to the study of
the role of N fixation on export production. He/she will studyetdirect versus indirect export of primary
production sustained by diazotrophy during the 8cess stations of the OUTPACE cruise. He/she will
specifically compare the ability of the differentiazbtrophs targeted during the project
(autotrophs/heterotrophs, symbiotic/non symbioti¢) to be directly exported, and 2/ to sustain the
bacterial/phytoplankton production and its subsatuxport. He/she will use a combination of isotopi
methods ®N; labelling) associated with mass spectrometry dkdmd at the single-cell level and microscopy.
He will also closely collaborate with the sciergist charge of the deltdN budget during the project as well
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as microbial ecologists for the molecular part.vike study both the water column and the exporteterial

in sediment traps. He/she will be hired at the tigig of the project for 3 years.

Missions (28.0 k€)

- Communications and special session dedicatdteaDtean Sciences Meeting (18.0 k€): Organizatian o
dedicated session at the Ocean Science Meetinigipation (1.8 k€) for 10 searchers as previouklye for
the BOUM project by T. Moutin (see below).

BOUM special session at the OSM (Portland, uUsS): p:Heww.mio.univ-
amu.fr/BOUM//IMG/pdf/Special_session_program.pdf

- Trip expenses-Meetings for targeted workshopd(k8): Beside of the post-cruise meeting withwhmwle
OUTPACE community, we plan to organize 2 specifarkshops targeted on the physical and biogeochémica
oceanographic aspects (see work schedule).

Other expenses (99.1 k€)

- Gratifications for 2 Master 2 student internsh#s k€): (1) Physical oceanography: Satellitadattimetry,
SST, ocean color) data analysis and implementafiarclimatological circulation model based on R@MS
code. Computer simulations of thesitu sampling during the Lagrangian LD stations. (2d&gochemitsry:
Biogeochemical impact of Nixation along the OUTPACE transect (isotopic noels/mass spectrometry).

- Chemical and biological analyses of samplesctéld during the cruise. 61.7 k€ are requestedverdhe
analytic costs associated with the project (sedaSib 1.1, 1.2, 1.3, 2.2, 3.1 and 3.2). The detadible of
costs per parameter is available on demand. NBumdng is already available to cover analyticgb@xses
performed by foreign scientists.

- Publications of results (30.0 k€): As previoudbne for the BOUM project leaded by T. Moutin (betow),
we plan to publish the major part of our resulta ispecial issue of Biogeosciences. The impaabfadtthis
European journal is high (3.75) in the oceanogm@field and constantly growing.

Please see details on the BOUM special issue (2islear available online) in Biogeosciences:
http://www.biogeosciences.net/special_issue82.html)

- Communication operations: 3 k€ are requested tercowusts associated with communication around the
project (Task 6), including posters printing andistics for ‘La féte de la Science’, the blog anebsite, costs
associated with the realization of the documenfiiryand courses.

PARTNER 2: LOCEAN (34.3 k€, including management fes: 1.3 k€)

Equipment (28.3 k€)

Microstructure profiler: VMP250 (velocity microstiture profiler) is a tethered microstructure pefivhich
performs measurements in the first 500 m. It iSgopd with shear and temperature microstructurea@sras
well as classical conductivity temperature sensois a fluorometer. These measurements made at.€ach
station in between CTD/LADCP measurements with tihgette and at SD stations will enable us to
characterize vertical mixing processes under a&taaf dynamical regimes (internal tides may notalary
from strong to negligible over the cruise area) tail impact on primary production. Note that thare few
vertical microstructure profilers in France: a feathered profilers (e.g. MIO, LOCEAN), SCAMP, trae
100 m depth limited, and one deep un-tetheredoatriicrostructure profiler (LPO/LOCEAN) that carofle
down to 6000 m. VMP6000 is already scheduledifoises in 2015 and SCAMP does not profile deep ghou
for our purposes. VMP250 (requested here) is thal ihol for OUTPACE and will respond to the regquient
for turbulence measurements in the French commumityrthcoming cruises.

Missions (2.5 k€)

5 missions (Paris/Marseille) required for cruisegaration and post meetings.

Other expenses (2.2 k€)

Gratification of a M2 student internship (2.2 k@he Master student will participate to the analysis
microstructure measurements. The main goals opthgct will be to characterize spatial distributiof
dissipation rate during the cruise and see hovg itarrelated to larger scale dynamics as well ferin
biogeochemical fluxes in collaboration with speistal from MIO and LOCEAN.

PARTNER 3: LOV (29.7 k€, including management feesl.1 k€)
Equipment (13.5 k€)

Acquisition of 3 oxygen optodes that will be implemted on each standard Bio-Argo profiling floataipged
with a bio-optical package (Chlorophyll fluorescen€DOM fluorescence, backscattering and radiometry
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Missions (2.4 k€)

8 missions Villefranche/Marseille are requesteddptode calibrations and implementation on Argatflo
profilers, as well as for cruise preparation anstymouise meetings.

Other expenses (12.7 k€)

Consumable: All optical biological and chemical lggas performed by the LOV (HPLC, Dissolved-Fe,
aerosols total Fe,N,P and total dissolved-Fe, seitnap analyses, Marine Video Profiler treatment)

3. DISSEMINATION, EXPLOITATION. INTELLECTUAL PROPERTY

Scientific valorisation, protection and exploitation. The scientific benefits, on the basis of the exgreré of
the team, of the originality of the project anditsfcurrent interest for the international commynitill be
major and at several levels. At the first leveg tata acquired will enrich the international datss and help
to improve the representation of the interacticgtsvieen biogeochemical cycles and ecosystems rotitext

of a changing world. At a second level, we expegiublish around 50 “first rank” articles and adeone in
the very famous magazine “Nature” or “Science” lasaaly done in the past by the proposed team, hsasve
a similar number of international communicationg. &third level, we will federate a multidiscipliya
community of French, European and internationaérggts around a unique and major oceanographic
challenge. Finally, on a global aspect, there ésna#ndous societal sustainability relevance forarese
focusing on climate impacts on economically andlagoally important marine organisms, and on
maintaining the biodiversity of marine ecosystehad support millions of people around the worlthie face

of a rapidly changing ocean.

Scientific results will be protected until they @reblished in peer-review journals by the mainipgents, who all
agree on the respect of intellectual property wiretertaking collaborative work. All results/datal \we shared on

a database hosted by LEFE-CYBER (see examplemfiinib.pytheas.univ-amu.fr/BOUM/spip.php?rubrigbi2
to maximize collaborative work and ideas exchangé@nd the project. After two years, they will beaapublic.

In addition, final end-products will be available the whole national and international scientificnonunity
through publications in peer-review journals, g#stition to international scientific conferencesg@hisation of a
Special issue, as Pis of the project did for pagepts) and national seminars and courses.

Teaching-mentoring The OUTPACE project involve$7 Professors or Assistant Professors from 10
universities and therefore the results of this resach will rapidly be integrated in the training of
students. They will communicate to students the up to da¢ehmiques used in oceanography
developed/adapted in the framework of OUTPACE, ali as the main results of the OUTPACE project.
Moreover the Pl of the project, Professor T. Mouii the co-Pl of the'Physical and Biogeochemical
Oceanography speciality of the Master “OceanograghftMU and promotes teaching in direct relatioithw
research and will hire master and PhD studentot& en OUTPACE. In addition, OUTPACE is the res&arc
support for 3 already funded PhD students (+ 1estpd in the present proposal), 3 funded postdods (
requested in the present proposal) and 8 mastdergtl Finally, our project also aims to strengthen
relationships between the IRD (Institut de Recheqbur le Development) and the University of Sdrabific
(USP), through training of students from ‘southernuntries working on ‘Climate Change’ in the Picif
islands, which are vulnerable to global warming aed level rise (USP federates 12 Pacific countFili,
Tonga, lles Cook, Tuvalu, Micronesie, lles Marsh@imoa, Salomon, Kiribati, Nauru, Tokelau, et \é&dnoy
The OUTPACE cruise will cross the territorial waterf 4 of these States and will involve the supsovi of
students from USP who will work on the OUTPACE data

Scientific communication, promotion of science (seEask 6).
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