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Section « Océan-Atmosphere »

Dossier scientifique

Nom du porteur du projet : Thierry Moutin & Sophie Bonnet
Titre du projet : OUTPACE (Oligotrophy toUITra-oligotrophyPACific Experiment)

La demande LEFE OUTPACE déposée a I’AO 2014 palliciker un financement de 2 années (81.6 k€
en 2014 et 69.7 k€ en 2015) a été évaluée posidmewoir section A). Le projet a obtenu un premier
financement de 51 k€ du programme national LEFEO@ROEYBER, une dotation « action sud » de
'IRD de 30 k€, un financement GOPS de 18.5 k€resoutien aux « activités Sud » du MIO de 17 k€
en 2014. La proposition ANR « OUTPACE » a été ateavec un financement de 400 k€; elle faisait
partie des 9 projets internationaux « sans accaetenus dans le cadre du Défi 1 "Gestion sobre des
ressources et adaptation au changement climatapré’s I'étape de pré-sélection. Le projet OUTPACE
a regu une lettre de soutien du programme intenmaltiiMBER (Integrated Marine Biogeochemistry
and Ecosystem Ressources). La mission océanoguepRiyy TPACE, classée en priorité numéro 1, a
été programmée sur le N/O L’'Atalante du 14 févaier30 mars 2015.

A lissue de I'examen du dossier par le consedndifique LEFE, une seule année a été financée a
hauteur de 51 k€. Nous renouvelons donc notre déendans le but d’obtenir la suite du financement

sollicité, indispensable a la bonne réalisation l@lecampagne. Pour une gestion optimale de ce
financement, nous souhaiterions également querddat®n soit réalisée selon un calendrier satal

sur 3 années (2014 : 51 k€, 2015 : 51 k€, 2016 k&Ccf. tableau budget page 8 section C). Nous
répondons aux critiques émises par le CS LEFEi¢gse®) et joignons a notre demande l'annexe

GMMC pour la demande de 3 flotteurs ProvBio, quaitiété mentionnée dans la demande LEFE AO
2014 mais pas officiellement réalisée. Le dossienmémentaire au dossier scientifique comprend donc
'annexe GMMC plus I'ensemble des annexes préssmaes 'AO 2014.

Le dossier de ’AO 2014 non modifiée est préserntésaiite de cette réponse a partir de la page 9..

A) AVIS DU CS LEFE SUR LE PROJET DEPOSE EN 2014

« Le CS aime le projet OUTPACE pour l'intérét stifeque d'une étude multidisciplinaire centrée ksur
fixation de l'azote dans le Pacifiqgue SO, la bostrecturation du projet, les approches originales
proposees, et I'excellence des équipes nationtlieseenationales impliquées. Le CS apprécie Iieffo
des investigateurs principaux d'initier ce projgucturant autour d'une campagne océanographigue
d'opportunité, liée a la présence du N/O 'Atalatars le Pacific SO en 2015.

Trois points principaux fortement liés les uns auxres, ont été soulevés par le CS et mériterred'ét
clarifiés.

La stratégie en mer n'est pas encore optimale suwirts. 1) Conduire trois études lagrangiennes,
chacune sur 6 jours, ne semble pas réaliste. Wymogition pourrait consister a réduire le tempvpré
pour le transect E-O qui est assez descriptifrtia@ donner plus de temps a une seule ou bien deux
études lagrangiennes conduites sur des sites stadr®) L'export de la matiére organique constitue
objectif important, mais ce point est trés peu t#p@e dans le document. Les proposants mettent en
avant l'utilité de 'UVP, mais les évaluateurs ¢d@sent que cette approche doit étre complétée par
d'autres outils (par exemple des pieges a sédini@at)tre part, la modélisation est dans le pragtael

tres peu développé.

Le CS CYBER soutiendra le projet OUTPACE pour sanpére année, mais ce financement est
conditionné a l'acceptation des dossiers dépogesade I'ANR et de la Commission Nationale Flotte
Hauturiere. »



B) REPONSE DE LA COMMUNAUTE OUTPACE

Les 3 points principaux soulevés par le CS concerifg) la possibilité de conduire 3 études
lagrangiennes, (2) la mesure de I'export de matigganique et (3) la modélisation trés peu dévealepp
Nous allons répondre point par point.

1) la possibilité de conduire 3 études lagrangiennes
Ce point a été particulierement abordé lors délmion de préparation de la campagne qui s'esetenu
les 2 et 3 juillet 2014 a Marseille (informatiorsponible sur notre site web : https://outpace. miw-u
amu.fr/spip.php?rubriquel?7). Nous comprenons ligtgde du CS car le terme " étude lagrangienne " a
facilement pu étre interprété comme consistantvaesune structure & méso-échelle & haute fréquence
spatiale et temporelle (stratégie type LATEX), usture difficile a localiser et complexe a étudikr.
s'agit en fait de repérer des zones représemsuractéristiques biogéochimiques qui nous isgérd
et au sein desquelles l'advection est faible. gsue de ce repérage, la stratégie lagrangienne @mis
I'eau des flotteurs) sera mise en ceuvre uniguepmmmtvérifier que I'eau échantillonnée provientiae
méme masse d'eau, alors que les prélevements sffeotués a proximité du mouillage dérivant
(stratégie type BOUM) pendant le temps d'occupaties stations longues. La durée obtenue de la
campagne (45 jours) nous permet de maintenir Bbib@'étudier la production de matiére organiqtie e
son devenir dans 3 stations de longue durée (38)jtdrs contrastées en terme de niveau trophigde et
diazotrophie.

2) La mesure de I'export de matiere organique
Nous reconnaissons que ce point n'a pas été suffisat bien décrit dans le précédent document et
nous nous en excusons. Il est bien entendu queotere matiere ne sera pas déterminé uniquement a
partir de 'UVP mais a partir de mesures directdaide de pieges a sédiment. Trois pieges PPS5/4
seront déployés systématiquement lors de l'ocaupates stations de longue durée. Les profondeurs
d'immersion ont été débattues essentiellement phiysiciens et biogéochimistes lors de la réunien d
pré-campagne et le compromis suivant a été adapt: 250 et 500 m. De nombreuses analyses sont
prévues sur la matiére recueillie dans ces pidgesanalyses C,N,P,Si " de base " seront réalisé&es
Nathalie Leblond de la cellule piege de I'NSU dcihexe). D'autres analyses isotopiques sont prévues
en particulier pour mesurer la part de I'azote pnawnt de la diazotrophie dans la matiere exportée.

3) la modélisation tres peu développée
La modélisation qui a été présentée dans le docdunmrespond uniquement a l'approche que nous
développons au laboratoire MIO. Nous comptonssailicette approche de modélisation trés novatrice
qui permet de prendre en compte les processuscda faécaniste uniguement au niveau des stations
longues et pour la durée d'occupation de ces s&tafin de nous éclairer sur des questions coanern
la production et le devenir de cette productiores: €chelles de temps et d'espace. Nous avons sompri
gue le CS LEFE pensait que la modélisation proposéerenait pas en compte les échelles de temps et
d'espace plus grandes, a la dimension de la campagganographique. Il est vrai que nous avions
indigué que les données multidisciplinaires accuiae cours de la campagne OUTPACE seraient
rapidement mises a la disposition de la communeiéénationale (base de données LEFE CyBER)
pour aider a la représentation des interactionee eriimat, cycles biogéochimiques et écosystemes,
mais nous en étions restés la. Depuis, nous nausnee rapprochés de collegues modeélisateurs en
France et a I'étranger, et nous sommes capabl@®peser une modélisation plus large associéera not
projet, de la petite échelle proposée par S. RibquOV, Villefranche) a I'échelle régionale progee
par C. Menkes (LOCEAN, Noumeéa) jusqu’a I'échellelglle proposée par A. Landolfi & A. Oschlies
(GEOMAR, Allemagne). Ces trois propositions déémfl ci-aprés en complément de I'approche
initialement proposée par M. Baklouti (MIO, Marggil vont permettre de grandement valoriser
'ensemble des données recueillies lors de la cgn@a@UTPACE et sans aucun doute, de faire
progresser notre connaissance du rble de la fixafiazote dans les bilans d’éléments biogénes a
différentes échelles de temps et d’espace.



a) Theoretical approach at the small scale (S. Rabolg)

Long term stations are dedicated to the temporstrggion of the followed water mass. In particular
deck incubations will provide very precise data growth processes in different categories of
phototrophic plankton. Given the expected datarmlividual processes such as nitrogen fixation, net
carbon acquisition or phosphorus uptake for ingarec theoretical approach at the small scale is
feasible. In this perspective, LOV (S. Rabouille)l wropose a formalism of the different processes
related to cell growth, with a special emphasipopulations of nitrogen fixers that should be ukf&fu

the other models involved in this project.. Incagimn rates will be derived from mass budgets evhil
the observed fluctuations in cell abundance withim on the overall changes in growth rates. Asafar
possible, the proposed model(s) will be calibrated the cruise data. In parallel, the models of
diazotrophic growth already available at LOV (Ralletet al., 2006; Grimaud et al., 2014) constitate
readily operational workbench to run simulationghe environmental conditions observed during the
deck experiments or along the cruise track. Altbgetthese different models will constitute a retilen
tool, allowing hypotheses to be tested as for the of the different diazotrophic populations magyp

in the community dynamics and in the carbon anebgén budgets pictured in the tracked, water body.

b) Implementation of N2 fixation in a regional model (C. Menkes)

We propose here to set up a coupled dynamical-bagemical model intermediate between the
detailed OD-1D process model of Baklouti et al. #mlow resolution global model from Landolfi ét a
by coupling a high resolution 3D regional dynamioaddel (ROMS) to the 24 compartment model
PISCES including nitrogen fixing organisms. The mlocbnfiguration will be setup as realistically as
possible and will be centered around the OUTPAGEesgeriments.
There are two major objective to that work:
« To be able to improve the ROMS-PISCES South Pacifisfiguration whose simulated
chlorophyll is unrealistic despite a correct dynami
e To provide a 3D dynamical —biogeochemical environimat relatively high resolution
(~1/20° degree) to possibly interpret some featafdke OUTPACE cruise.

We start with the fact that global models of theitBdPacific do not reproduce the detailed featofes
the chlorophyll patterns. At least two reasons rbayinvoked for this. First, simulating the South
Pacific circulation west of French Polynesia regsiito at least resolve scales associated with the
numerous islands which separate the SEC into sefrijess as it flows westward (Figure 2a). Couvelar

et al., (2008) has shown that the model resolutieéeded to resolve the main SEC features should be
lower than 1/3° which is not the case for globaldels. Second and perhaps more importantly, nitrogen
fixing organisms must be included in the biogeocicahmodels as the western Pacific is a region of
high nitrogen fixation.

Typically, a 1/3° degree simulation of ROMS (Menletsal., 2014) which gives a reasonable dynamics
in the region, coupled to PISCES without nitrogedinfy organisms raises a uniform and non-realistic
chlorophyll pattern (Figure M1) with an unrealistiorth-south gradient in particular.
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Figure M1 : Left, mean' 7ch|orophyl| (1999-2008) fraa OBCOLOUR data. Right, the 1/3°
ROMS-PISCES simulation for the same time-period.

In an attempt to improve the current state of tredeh and in collaboration with O. Aumont
(LOCEAN), a “Trichodesmium like"compartment has beecently added to a non redfieldian version
of the PISCES model. Compared to the other spetiesnodelled Trichodesmium growth is dependent
on temperature following Ye et al. (2012), andagen fixation is limited by both iron and phosphate
with a limitation functional form which depends tre main limiting nutrient. Other parametrisations
have been added such as the high requirement rofpro unit carbon compared to other species (e.g
Kustka et al., 2003). Overall, the simulation of R&-PISCES with this new compartment seems to
give a more reasonable representation of the gbthgtb with realistic north-south gradient, and
structured patterns with enhanced chlorophyll ie tdew Caledonia, Fiji and Vanuatu triangle.
Moreover, average Nixation rates are 15 nmol Nuld?, with 26 nmol N.t.d* maxima. According to
Garcia et al., (2007), Moutin et al (2008), fixaticates in the loyalty channel (between New Caledon
and Vanuatu) varies between 2 and 50 nmof. N}, which is in relative agreement. However, the
chlorophyll values are still too high and the seadity of the chlorophyll is still not correct (not
shown).
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Figure M2. Left, the chlorophyll content using RONPESCES with trichodesmium. Right
Surface nitrogen fixation rates iimol N.I-'.d-!

Of course, such crude validation calls for a mbmdugh evaluation of the model performances, which
will be undertaken under the supervision of thedgtecialists of the project but the model already
provide a useful tool for process oriented studigsh as OUTPACE.

Specific tasks for OUTPACE

In the course of the project, we will attempt tolude unicellular diazotrophs but also to improwe o

Trichodesmium parametrisation in concertation vatsimilar effort developed for the process studies
modeling (Baklouti et al.). The OUTPACE cruise o$fehis unique opportunity provided that we can
provide a framework comparable to the cruise. Towidwat end, we will develop a 2-way nested
configuration of ROMS-PISCES using the AGRIF tamdtt will also cover the period of the cruise at
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high resolution. The chosen resolution is 1/20°rdega compromise between sub-mesoscale resolving
simulation and computer resources for the domale model in its Pacific configuration is currently
used to understand the 2014 EI Nifio (Menkes et2@ll4) and is thus up-to-date. We will use that
domain to embed the 1/20° degree grid. An exampteemodel outputs in the OUTPACE region is
given on Figure M3. In that example, a simulatidrthee 31 July 2014 is shown with the large scale
domain at 1/4° and a 2-way nesting over the OUTPAIGEain at 1/20° degree. Vorticity stresses the
fact that small scale structures and front are mposininent west of Fiji, as the SEC is diverted by
islands. This also points out to the need of compl&ing the 1D studies by the type of 3D studies th
we propose in this framework during OUTPACE.

: Figure
M3: 1/20°
degree
ROMS
simulation
S nested 2
ways with
a Va°
model of
the Pacific
for  July

2014 (Menkes et al. 2014). Vorticity is shown (8 3e-5).

c) Marine N2 fixation in global Models (A. Landolfi, A. Oschlies, et al.)

Summary
N2 fixation is a fundamental process for the mainteeaof the marine fixed nitrogen (N) inventory

exerting a significant influence on the global @arlrycle by controlling marine productivity and the
ocean’s CQsequestration capacity. The environmental contobthis process are controversial and the
pathways by which newly fixed N enters the marinedf web have been poorly studied. This has
hindered our ability to simulate realistic globalterns of marine Nixation and make predictions of N
inventory changes in future climate. Here, we pegpto incorporate the increased understanding of
marine diazotrophy, obtained within the OUTPACE jech into a state-of-the-art global
biogeochemical ocean circulation model (MOM4-NPZDOWOto simulate realistic global spatial
patterns of marine Nfixation and assess its impact on marine biogewocstey on large spatial and
temporals scales.

Motivation

Fixed nitrogen is an essential nutrient for thentemance of marine productivity. The variabilityitsf
inventory is thought to have driven past marinedpativity changes (Falkowski 1997, Altabet et al.
2002) contributing to air-sea CO2 flux variabiliy long time-scales (Falkowski 1997). To date,darg
uncertainties remain on the balance of the marimevBintory (Codisopti et al. 2001, Gruber 2004)isTh
is due, firstly to the still sparse (Luo et al. 2)land often systematically underestimated (Graysskt

a. 2012), observations of N2 fixation rates, arertbt well know environmental controls of the growt
of marine N fixers. While inter-basin differences ofpNixation rates suggest a control of iron op N
fixation both in the Atlantic and Pacific oceang.(€alcon et al. 2004, Moore et al. 2009), phosphat
limitation of the important diazotroph Trichodesmithas been observed both in the North Atlantic
(Sanudo-Wilhelmy et al. 2001) and in the South fragiloutin et al. 2005, 2008). Phosphorus strdss o
Trichodesmium is well documented (Dyhrman et al020and can induce alternative P scavenging
strategies such as phosphate luxury uptake anaigetemder P@replete conditions (Krauk et al. 20086,
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White et al. 2006), the hydrolysis of dissolvedamg P (DOP) (Sohm and Capone 2006, Dyhrman et
al. 2002, Mulholland et al. 2002) that can be rated by cell-signalling (Van Mooy et al. 2012).
Secondly, significant uncertainty exists also ie flate and pathways of the recently fixed N (eg.
Muholland 2007). A large part of recently fixed Bincbe released into the dissolved pool (Caponk et a
1994) which however, does not seem to accumulaseiiface waters (Knapp et al. 2005) indicating it
may fuel bacterial growth (Meador et al. 2007). fBa other hand, isotopically liglt°®N suspended
particles and zooplankton indicate that fixed Kramsferred to higher tropic levels and may be exego

at depth (Montoya et al. 2002). These two pathwangs not mutually exclusive but, their relative
importance may lead to distinct diverging predictoon the N inventory dynamics (Landolfi et al.
2013) and on the long term effect on C export.

The limited, obervationally-based, knowledge hawlbied our ability to fully capture the distibutadn
gradients of marine Nfixation in global circulation-biogeochemical mdslemaking N inventory
predictions hard to accomplish. The OUTPACE progadfars a unique opportunity to fill out the gaps
of the current knowledge on the environmental fesctbat control the source of N in the ocean ard th
pathway this new N enters the marine food-web amtglemporal scales. The implementation of this
novel understating within a global biogeochemicabdel will allow to improve the global
representation of marinexNixation in global models and, assess the seitsitof the N inventory and
the cycling of C cycle to the input and fate of tleavly fixed N, allowing to predict the unforeseéar-
reaching, feedbacks occurring at large temporalspadial scales.

Global models of marine pfixation

Coupled ecosystem-circulation models have a greaénpal for unraveling the biogeochemical
interactions at basin and global scale. fikation growth is modeled explicitly in global exystem-
circulation models (eg. Moore et al. 2002, Mooral &oney, 2007) as a function of temperature
constraints and phosphate and iron limitation. Apartant factor controlling ] fixation in current
models is the nitrate deficit relative to the Relifiequivalent phosphate concentration, as higtdah
already by earlier box models (Tyrrell 1999, Lentord Watson 2000, Canfield 2006). The 3@
control emerges from the low affinity for phosphated low diazotrophic growth rates as compared to
other phytoplankton. These factors make diazopsagitcessful only in nitrate poor and phosphate
replete environments. Decreased N availability cxqroximate to denitrifying areas where an excess
of P (P*), relative to the Redifield ratio of 16(Redfield 1963) occurs. In these regions, a tiglattial
and temporal coupling between N sources and sskdbserved (Deutsch et al. 2007). Denitrification
and anaerobic ammonium oxidation (Anammox) produatrs low in N@, which in turn are assumed
to favor the growth of diazotrophs. The resultingagen fixation would then enhance organic matter
export and oxygen consumption at depth, furthetirfgedenitrification. In such a tightly coupled
system implicit in many current models, simulategl fiXation can lead to a local run-away feedback
with more N being lost than fixed (Landolfi et 2013). However, these potential N losses strongly
depend on the fate of recently fixed organic N,eé@ample direct or indirect N release into DON i@lu

N losses (Landolfi et al. 2013). The regional disttion of iron deposition is also important for
simulating diazotrophs’ growth (Moore and Doney 20Dutkiewicz et al 2012, Ward et al. 2014) and
can decouple N sources from N sinks (Landolfi et28113). To date the strength of the coupling
between N source and sink is not known. This is tduleoth the sparse observational evidence »f N
fixation, particularly in the South Pacific and tlaek of information on the fate of the recentlyefd
organic matter. Temperature constraints and phdesphad iron control, within state-of-the-art
biogeochemical fully prognostic global 3D models, ot fully capture the high Nfixation rates,
inferred from geochemical evidence (Gruber 2004ndodfi et al. 2008) and direct Nfixation

measurements, in the North Atlantic (eg. Luo et2@l14). This can be related to the generally high
NO3:PO4 surface waters that suppress simulated diazotragttivity. Regional models could reduce

the NO3:PO4 ratio of surface waters by increasing the avaiigbibf POq via preferential P@
remineralization and by allowing for diazotrophi®OP uptake (Coles and Hood, 2006). However,
sensitivitity experiments (Landolfi et al. in prepvith global models suggest that the same process
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would also greatly (and unrealistically) enhancefidation near denitrifying areas in the EasterutBo

Pacific Ocean, where the scarce observational dia¢s not support such elevated N2 fixation rates
(Bonnet et al., 2013b; Luo et al. 2014). In consaqe, the sensitivity of Nfixation to environmental

factors is not currently well represented, makingjgrtions into the future role of marine fixation in
a changing climate problematic (e.g., Boyd and p8602).

Objectives

We here propose to incorporate the advances inunderstanding of diazotrophic physiology and
ecology from the OUTPACE project into a coupled gaiochemical ocean circulation MOM4-
NPZDDDOM model. More specifically, we want to acabtor the insights, based on observations on
role of iron, phosphate and DOP in controlling thstributional gradients of marine N2 fixers, and
asses the sensitivity of global N and C cyclesate bf N2 fixation on decadal to centennial timéssa
From their otherwise unpredictable combined effeete expect to gain insight into the possible
interactions between marineg, fixation, N inventory and biological production a@dcycling and, how

these interactions might affect the ocean’s abibtynitigate climate change.

Methods

The ocean-ice model corresponds to the one us&Fb} referred to as the CM2.1 setup of MOM4 by
Griffies et al. (2005) and Gnanadesikan et al. @00 he longitudional resolution ise land the
latiudional resolution varies between ih the midlatitudes and 143n the Tropics. The model has 50
vertical levels of which 22 are evenly spaced wittihe top 220 m. The model is driven by the
Coordinated Ocean Reference Experiments (CORE}elatehich is based on the work of Large and
Yeager (2004). The embedded ecosystem model, ailDNy¥® model, is a modification of previous
work (Schmittner et al. 2005). The main differenaes the introduction of additional dissolved orngan
nitrogen, dissolved organic phosphorus and a deptiosphorus compartment (NPZDD-DOM) which
allow for differential cycling between phosphorusdanitrogen (Landolfi et al. 2013). The ten
prognostic variables are: dissolved oxygen, nitrgigosphate, (non-nitrogen-fixing) phytoplankton,
nitrogen-fixing phytoplankton (Diazotrophs), zoaoptton and particulate phosphorus detritus,
particulate nitrogen detritus and semi-labile digst organic phos- phorus and nitrogen. Diazoptsoph
are explicitly represented. Their maximum growtte g temperature dependent and is lower than that
of other phytoplankton. Their growth is light angogphate limited, they can take up nitrate anchble

to take up DOP as a source of phosphorus.

After 20 years of integration the circulation moaell be coupled on-line with the ecosystem model
with the default parameterizations of diazotropmaximum growth-rate temperature dependance and
phosphate uptake kinetics of Landolfi et al. (20113)is run will be taken as the reference experimen
against which new (1) phosphorus (2) DOP and (8) parameterizations dependencies will be tested.
Sensitivity of the global N and C cycle to the faferecently fixed N will be carried out in a sdt o
experiments with different zooplankton grazing prehces and DOM dynamics. Assessment of model
output and observational.Nixation data comparison will be carried out. glbbal model experiments
will be carried out over centennial timescales.

Les References bibliographiques sont volontairementises dans cette proposition a nombre de page
limité



C) TABLEAU ET SYNTHESE DU BUDGET OUTPACE

Tableau représentant le budget par année de laacgmamcéanographique OUTPACE. La demande au
programme LEFE est la suivante (2014 : 51 k€, 2@bkE, 2016 : 50 k€).

FUNDINGS Details (and corresponding budget lines in the LEFE document)
Fundings aquired or requested 2014 2015 2016 2017 TOTAL
LEFE 51 51 50 0 152
Laboratory (Action for the South) 17 0 0 0 17
ACI IRD 30 0 0 0 30
GOPS 18,5 0 0 0 185
CNES 5 20 5 0 30
GMMC (Argo) 0 6 0 0 6
ANR 0 216 111 59 386

TOTAL 1227 293" 166 59 639
EXPENSES
Equipment 6 0 0 0 6 Specific irridium bouys equipment for the lagragian strategy (6)
Consummable and analyses 355 54 35 0 125 Natural and unstable isotopes, laboratory consummable, budget for analyses (1,7)
Trip expenses-Meetings 42 8 20 0 70 Pre et post cruise meetings, Airlines tickets, trip expenses (9,10,15,16,17,21)
Material transport 38 15 0 0 53 Transport of scientific material, containers, dangerous goods, of frozen samples (11,12,13,19)

ANR Post-doctorate 0 53,9 53,9 0 107,8 2 years of post-doctorate (32)

Ph-D 0 29,0 29,0 29 87,1 3 years of doctorate (33)
Master 2 student "gratifications" 0 44 0 0 4,4 Gratification of 2 M2 internships (5)
Publications 0 0 0 30 30 Special issue in Biogeosciences and other publications (2,3) 15 papers from french partners
Communications 0 0 18 0 18 Communications and special session dedicated at the Ocean Sciences Meeting (4,24)
French ANR partners expenses (LOV anc 0 64 0 0 64 Consummable, Equipment, travel of french ANR partners (HPLC Analyses and other)
Trip expenses-Meetings for targeted wo 0 0 10 0 10 Meetings targeted workshops (22,23)
Additional analyses 0 34,7 0 0 34,7 Additional analyses (biological, biogeochemical, optical, physical)
Prélévement laboratoire 0 30 0 0 30 15% prélevement du laboratoire

TOTAL 122 293 166 59 639 TOTAL (moins le préléevement de 4% par I'ANR=12,9k€)

This table do not take into account fundings aquired by foreign participants (8,14,18,20,25,26,27,28,29,30,31)

Nous tenons a faire remarquer au CS LEFE que htistale la contribution de 'ANR va servir a
financer un doctorant et un post-doctorant. Ledrdmrtions de LEFE en 2015 et 2016 sont nécessaires
pour gue toutes les analyses prévues dans le dadrette campagne puissent étre réalisées. L'éslsent
des analyses, dont le détail précis a été donng l@dadocument soumis a 'AO 2014 (annexe C du
document complémentaire), est prévu d’étre fingraréle programme LEFE. Si on rapporte le budget
global demandé a LEFE pour les analyses au nongpadicipants francais a terre et en mer, ceta fai
environ 3 k€ par participant pour 3 ans, ce quapglus que raisonnable !



AO INSU 2014
Section « Océan-Atmosphere »

Dossier scientifique

Nom du porteur du projet : Thierry Moutin & Sophie Bonnet

Titre du projet : OUTPACE (Oligotrophy toUITra-oligotrophyPACific Experiment)

Cette soumission constitue umuveau projet visant & soutenir la réalisation d’urampagne
océanographique de 45 jours dans le Pacifique sud@sten 2015 pour profiter de la présence rare de
I'Atalante dans le Pacifique SO I& $emestre 2015 (Cf AO CNFH juin 2014).

Le porteur principal n’a pas obtenu de financem&#®E au cours des 3 derniéres années. Le co-porteur
a obtenu le financement du projet VAHINE pour un#ég de 2 angfin en 2014).Le projet
OUTPACE est un projet océanographique multi-disciplinailendergure. Certains résultats obtenus
lors de I'expérience en milieu contrélé VAHINE (guile mésocosmes), en particulier de modélisation,
seront utile a la réalisation de OUTPACE.

Intérét scientifique et état de l'art

The additional C@in the atmosphere, mainly resulting from fossglfemissions linked with human
activities (anthropogenic Gfj is the main cause of global warming. The oceas dcted as a major
sink of anthropogenic C{(Sabine et al., 2004) preventing a greater accatmounl in the atmosphere
and therefore a greater increase in the earth’peeature. The biological pump (Fig. 1) provides the
main explanation for the vertical gradient of carl§€) in the ocean. Its strength and efficiencyesejs
upon the complex balance between organic mattedustmn in the euphotic zone and its
remineralisation in both the epipelagic and mesagelzones. The biological pump was thought to be
in an equilibrium state with an associated neao-pet exchange of GQvith the atmosphere (Broecker
1991, Murname et al., 1999). Climate alterations laeginning to disrupt this equilibrium and the
expected modification of the biological pump wilropably considerably influence oceanic C
sequestration (and therefore global warming) ovde@adal time scale (Sarmiento and Griber, 2006).
The long term decrease of phosphate availabilitg #me shift from previously nitrogen (N) to
phosphorus (P) limited production associated witlreasing inputs of N by Nixation was one of the
first evidence of the biological pump alterationsetved at the HOT time series station in the north
Pacific gyre (Karl et al., 1997; 2008).

hv

i l Atmosphere

L= - - - . Ocean
DIC — + POC = = - DOC  Photic zone

Nutrient
availability

1 Winter mixed layer
) Uz = no | l(]nlermediate water circulation)
: Deep layer

o v | (Deep water circulation)
DIC Export Production

Fig. 1. Major C fluxes for a biological pump budget. Bicicgl pump: C transfer by biological processes ithite ocean
interior. DIC: Dissolved Inorganic C, POC: Partatae Organic C, DOC: Dissolved Inorganic C. See loet al, (2012)
for a detailed description.

The input of new N to the surface ocean throughobioal Ny fixation represents a major link between
the C and N biogeochemical cycles, i.e betweenufiper ocean nutrient availability and the biologica
pump, i.e between ocean and climate. This link meaently shown to play a central role in previous
natural climate changes over long time scales (@#lbet al., 2013, Dernieres nouvelles de I'INSU
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n°200: Le cycle océanique de I'azote face aux ckaremts climatiques, Jeudi, 25 Juillet 2013). It is
nevertheless clear that expected climate chandlesvéal by anthropogenic atmospheric £hanges
may concern shorter time scales: the increasenmosiheric C@ over the past 200-y is equal to the
increase in atmospheric GOetween glacial to interglacial conditions, whiclok place over several
thousand y (Sarmiento and Gruber, 2006). It isefioee necessary to obtain a precise representation
the N fixation process in global biogeochemical modElgen if considerable scientific progresses have
been made over the last decades (see reviews fotnim @t al., 2011; Zehr, 2011), many questions
remain regarding the impact of this process ondmafemical cycles and C export.

The role of N fixation in the oligotrophic ocean and overview pfevious cruises in the SW Pacific:
The efficiency of oceanic C sequestration depenpsunany factors, among which is the availability
of nutrients to support phytoplankton growth in thteotic zone of the surface ocean (Fig. 1). Large
amounts of N are required for phytoplankton growahjt is an essential component of proteins, mucle
acids and other cellular constituents. Fixed Nha form of nitrate (N®) or ammonium (NH") is
directly usable for growth, but concentrations icefl N are low (<0.1 pmolt) in the oligotrophic
ocean and often growth-limiting in most of the opmean euphotic zone (Falkowski et al., 1998).
Dissolved dinitrogen (B gas in seawater, on the other hand, is very amind the euphotic zone (ca.
450 umol [Y) and could constitute a nearly inexhaustible Nrseufor the marine biota. Some
prokaryotic organisms (Bacteria, Cyanobacteriah&ea) called ‘BHixers’ (or diazotrophs) are able to
use this gaseous N source since they can breakiphe bond between the two N atoms of the N
molecule, and convert it into a usable form (i.&lsNfor assimilation thanks to the nitrogenase enzyme
system (Zehr et al., 1998; 2001). By doing thisvawsion, they release dissolved N in surface waters
At the global scale, they provide 100-2032@ of N to the surface ocean every year (Mahaftesi.e
2005). It is the major external source of N for thmean, significantly larger than atmospheric and
riverine sources (Codispoti et al.,, 2001; Grubed &uarmiento, 2002; Gruber, 2004).-fiking
organisms act thus as ‘natural fertilizers’, andhtdbute to sustain life and potentially C expant i
coastal and oceanic environments.
Most of the ocean (60%, Longhurst et al., 199%pimprised by low-nutrient, low-biomass oligotrophic
ecosystems, which constitute the largest cohetientds on our planet. They support a large part (40%
of the photosynthetic C fixation in the ocean (Anéoet al., 1996). This C fixation is mainly perfued
by pico-plankton (smaller than 2-3 pm in diametbgt are generally thought to represent a negégibl
fraction of the total particulate organic C (POGpert flux due to their small size, slow individual
sinking rates, and tight grazer control that le&olshigh rates of recycling in the euphotic zone.
Consequently, the efficiency of the biological Cnguiin these oligotrophic systems has long been
considered to be low as the greatest proportidixefl C is thought to be recycled in the surfaceeta
and rapidly re-exchanged with the atmosphere.
Recent studies have challenged this view and itelidhat all primary producers, including
picoplanktonic cells, contribute to export from tharface layer of the ocean at rates proportiomal t
their production rates (Richardson & Jackson, 20BXport mechanisms differ compared to larger cells
as picoplanktonic export is mainly due to packagintp larger particles and via grazing and/or
aggregation processes (Jackson et al., 1990; 2Gfifhas et al., 2010). More recently, Close et al.
(2013) pointed out that 40-70% of picoplanktonitiscare small enough to escape detection under the
most common definition of suspended particulatenigmatter (POM). Thanks to a coupling between
lipid profiles, radiocarbon and stable isotopicnsityres of lipids from the North Pacific Subtropica
gyre (Hawaii Ocean Times-series station), they @tbwinat the transfer of submicron POM from the
surface to mesopelagic waters is an important dibor to the global biological pump. Besides
submicron POM export, Karl et al. (2012) have régabran efficient summer export flux of C (3 times
greater than the mean wintertime particle fluxjhet same HOT station thanks to a 13-year sediment
trap experiment. This summer export flux has bdgibated to an increase in biomass and produgtivit
of symbiotic N-fixing cyanobacteria associated with diatoms, Wwhitave high sinking and low
remineralization rates during downward transit. sTkificient POM export was thus not related to
submicron particles but rather to large-size phigioiton that could grow in the oligotrophic watefs
the NPG thanks to new N provided by fikation (Karl et al., 2012)Consequently, the conventional
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view of low POM export in oligotrophic areas shouldbe revised to include 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 thigsfion, as it is considered to be one of the lsighe
areas of global Nfixation (Capone et al., 1997; Sohm et al., 201d exhibits among the highest
abundances, diversity of2Mixing organisms (Moisander et al., 2010) and \afsti (Montoya et al.,
2004; Bonnet et al., 2009) in the world ocean. WhwWerage Mfixation rates range from 50-200 pmol
N.m-2.d? in the tropical North Atlantic (Capone et al., 3)@nd Pacific (Dore et al., 2002 ; Karl et al.,
2011), they reach 126-4000 pmol N2d? (Montoya et al., 2004) and 50-360 pmol Nt (Bonnet

et al.,, 2009) in the SW Pacific, in the Arafura Je# Australia, TRICHONESIA cruise) and the
western warm pool (EUC-Fe cruise), respectivelye Beasonal DIAPALIS cruises (INSU-PROOF
DIAPAZON programme) in the Loyalty channel off Ne®aledonia also reported high rates ranging
from 151 to 703 pmol N.md? (Garcia et al., 2007), the highest being measirealistral summer
which has been directly linked to phosphate avditgl{VVan den Broeck et al., 2004; Moutin et al.,
2005). The seasonal distribution ob Mixation is corroborated byn situ and satellite observations
(TRICHOSAT algorithm, Dupouy et al., 2011) of re@nt largeTrichodesmiunblooms during the
austral summer (October-March) during the 1998-20éflod in the Melanesian archipelagos around
New Caledonia (Vanuatu, Fiji Islands). In additimnTrichodesmiumhigh abundances of unicellular
diazotrophic cyanobacteria have been reportedarSiW Pacific (Campbell et al., 2005; Bonnet et al.,
2009; Hewson et al., 2009; Moisander et al., 200@mpbell et al., (2005, TRICHONESIA cruise)
reported 1.6 1Dcells.mi* of Crocosphaera-like cells (UCYN-B) between Newle@ania and Fiji,
which is on the same order of magnitude S3sechococcuabundance, the most widespread non-
diazotrophic cyanobacterium in the ocean (Parteesligy., 1999). The newly discovered and uncultured
UCYN-A (Zehr et al., 2001; 2008) also displays eriely high abundances f00° nifH copy.I?,
Moisander et al., 2010, KM0703 cruise; Bonnet gtldhpublished, BIFURCATION cruise) in the SW
Pacific (between New Caledonia and Australia), th&y seem to have different ecological niches
compared tdrichodesmiunand UCYN-B (Moisander et al., 2010).

When going eastward towards the South Pacific gyedmn et al., (2011) have reported rates of
12-190 pmol N m d* on the western border of the gyre and Raimbawt@arcia, (2008) and Moutin
et al., (2008) reported rates of 60 + 30 umol N dt in the central gyre during the BIOSOPE cruise
(INSU-LEFE BIOSOPE programme), indicating a dedregagradient of M fixation from W to E and
low N fixation rates relative to other ocean gyre ect&sys. The organisms responsible for these fluxes
are different from common autotrophic diazotrophshsasTrichodesmiunor Crocosphaeraand are
mainly affiliated with heterotrophic proteobacteaad low abundances of UCYN-A (Bonnet et al.,
2008, BIOSOPE cruise; Halm et al., 2011).

The W to E zonal gradient of N fixation and the distinct diversity of Ne-fixing organisms
along this gradient provide a unique opportunity to study how production, mineralisation and
export of organic matter depends upon Rfixation in contrasting nutrient conditions. Comparisons
between different systems along a zonal gradierttapfhic status and Nfixation will provide new
insights for identifying and understanding fundataémteractions between marine biogeochemical C,
N, P, Si, Fe-cycles and oligotrophic ecosystems.

General objectives and associated strategy (detailstrategy in Annexe 1 — Document CNFH)

OBJECTIVE 1: CHARACTERIZATION OF THE BIOGEOCHEMICAL AND BIOLOGICAL DIVERSITY IN THE SW
PACIFIC DURING THE STRONGEST STRATIFIED PERIOD

One of the main objectives of tik’EIJTPACE (Oligotrophy toUITra-oligotrophyPACific Experiment)
cruise is to characterize the biogeochemical pat@®mie@nd biological diversity/function along a W-E
gradient from the North of New Caledonia, an ardahsting high N fixation rates, to the central South
Pacific gyre, which has been characterized as tbst mwligotrophic oceanic area of the world ocean
(Claustre et al., 2008), and exhibiting low fikation rates (e.g. Moutin et al., 2008) (Fig. 2)

11



145°E 155°E 165°E 175°E 140°E 160°E 180° 160°W 140°W

150° 160° 170° 1807 180° 200° 210° 220° 230°

Fig. 2. Transect of the OUTPACE cruise superimpasedseveral maps (A) Absolute geostrophic curréiitan CARS
climatology ref to 1000 m, plus currents 0-200 nduted from Argo floats drift, Kessler and Cravag@l3, JGR, accepted.
Colorbar: zonal currents; Arrows: horizontal cutedn(B) CARS2009 SST climatology (Ridgway and Dug@03) (Dec-
March), and (C) Surface chlorophyll concentratiM©DIS, composite Dec-March 2011-2012).

Objective 1.1: Biogeochemical description

The classic variables temperature, salinity, dissbloxygen concentration, along with alkalinity,
pigments, organic and mineral C and other biogetements (N, P, Si) pools, and trace metals of
biogeochemical importance (Fe, Zn, Cu, Co, Ni)| s measured, as well as other specific variadies
selected depths @Nixation, diazotroph diversity, recycling times fdissolved phosphate...) in 18 short
duration (SD, 8h) stations across the 3000 nm @&ndhe aim is to describe the variations in the
biogeochemical characteristics (nutrient and tnaetals availability in the photic layer, depth bkt
nutricline, ratios of dissolved/particulate andamig/mineral in the biogenic elements pools, drammo
of CO; of anthropogenic origin, phytoplankton biomass atdersity, N fixation rates...). This
biogeochemical description will extend to the gymethe central South Pacific where oligotrophic
conditions are the most extreme (Claustre and btarta, 2003)Our recently acquired techniques
for biogeochemical measurements in ultra-oligotropit waters should enable us to significantly
improve our understanding of the biogeochemistry ofthe SW Pacific We do not have a good
insight into the spatial distribution of certairogeochemical variables, such asfXation, or absolute
nutrients concentrations in surface waters, whiakieha predominant role in controlling planktonic
production. Recent studies infer the importanceligbtrophic areas in the drawdown of anthropogenic
C (e.g. Close et al., 2013t is necessary to quantify the C fluxes in the pper water of the SW

Pacific and their potential links with dinitrogen fixation
Specific question: What is the actual zonal distribution of main Ctrients stocks/fluxes and trace metals in the SW
Pacific?

Objective 1.2. Biological diversity

A major objective will be to produce an overall d@stion of the planktonic community composition in
the SW Pacific pelagic ecosystems, providing a ¢fiamal” structure for specific analysis. A detdile
description of the biological diversity is essehfa it is hypothesised that biodiversity increates
functional redundancy of marine ecosystems. Sucdun@ancy may play an important role in an
ecosystems ability to withstand natural and antbgepic disturbances (Fonseca and Ganade, 2001).
The need to describe a more “operational” funcli@tiaicture should not replace having a “complete”
description of the species composition. Variationspecies composition probably remains the most
effective tool in identifying natural and / or ardpogenic perturbations. A coupling of complementar
techniques will be used along the transect, inclgdiurface continuous flow cytometry (CYTOSUB)
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and discrete flow cytometry for bacteria, pico-noand micro-phytoplankton (Marie et al., 1999),
microscope determination of taxonomy for microphytmicrozooplankton (Hasle et al.,, 1978) and
heterotrophic nanoflagellates, and imagery (zoasdémwcam) for metazooplankton taxonomy
(Grosjean et al., 2006), associated with partidenters (UVP, LISST, LOPC) for spatial distribution
and size-strucure of particules and plankton.. DN will also assess thErichodesmiunspp. colony
abundance in the water column (Guidi et al., 2012).

A special attention will be given to studying the versity of diazotrophs. The scientific community
made intense progress over the last decade thanksetemergence of molecular methods, which
allowed the discovery of an increasing diversityNeffixing organisms (Zehr et al., 2001; 2008), active
in previously unsuspected ecological niches sudi-esh areas (e.g. Short and Zehr, 2007; Needbba e
al., 2007; Moutin et al., 2008; Bonnet et al., 20E&rnandez et al., 2011; Dekaezemacker et al3)201
The filamentous photosynthetic cyanobacteriinchodesmiumspp. has long been considered the
dominant marine diazotroph. Recent molecular studiave challenged this view as new evidence
suggests that photosynthetic unicellular nano-gtamk diazotrophic cyanobacteria (UCYN; belonging
to Group B or C, Zehr et al, 2001), photo-heteqatio unicellular picoplanktonic cyanobacteria from
Group A (Zehr et al., 2008) or heterotrophic badatare widespread in the oceans and capable offixi
N2 (Halm et al., 2012; Riemann et al., 2010; Zehailgt2008; Zehr et al., 1998; Zehr et al., 200he T
discovery of heterotrophic and photo-heterotroghl€YN-A) diazotrophs implies that Nfixation is

not necessarily linked with C fixation in the eupb@one, and Mfixation has recently been reported in
aphotic waters down to 800 m (Hamersley et al.,12®ahav et al., 2013) and 2000 m (Bonnet et al.,
Accepted). However, despite the increasing recagnivf their abundance in the global ocean (Luo et
al., 2012), very few studies have examined in tkethie precise role and regulation of fikation in
photo-heterotrophic and heterotrophic (cyano)b&ciarmarine waters. Their ubiquity has signifidgnt
widened the geographical limits where fikation was supposed to occur and, therefore pihtential
amount of fixed N entering the oceans. The phygwlof these (photo)-heterotrophic diazotrophs as
well as the environmental factors controlling thdistribution, their activity and their relation tiother
organisms in the ocean are still very poorly knoWowever, the little knowledge we have on these
diazotrophs suggests that they are very differerh fTrichodesmiunspp and are regulated in the SE
Pacific by organic C and N availability (Bonnetagt Accepted.). In the North Pacific Subtropicahr&
(NPSG) at station ALOHA, Dore et al. (2008) estieththat the highest integrated fikation rates
occurred during summer while either Trichodesmiym @& diatom blooms (mainly constituted by
Rhizosolenia sp. or Hemiaulus sp. with R. intradalis) were observed.However, the Southern Pacific
exhibits a negative Si* (SIOF-NO3) whereas it is strongly postive in the Northerrciff@a (Sarmiento
and Griber, 2006) and the relative importance afodns in N fixation remains unknown in the
proposed study area. We should not dismiss theofaléazotrophs living in association with diatoass
possible key players in Nixation and C export (Karl et al., 2012), andeoifig a link between the N
and silicon biogeochemical cycléhere is a clear need to study all diazotrophs if & 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 phioktonic biomass identified from satellite data,
providingin situ observations to compare with such satellite-basedysis. It will be used to calibrate
PHYSAT, which allows determining large organismlasses from space (Alvain et al. 2005; 2008),
toward a better representation op Fixing organisms. A comparison with vertical distrtion of
phytoplankton communities based on surface chlorbpletermination (Uitz et al., 2006) will also be
undertaken. Ocean color remote sensing will alsee ga synoptic overview of the chlorophyll
concentration in the South Pacific during the @uis parallel, synoptic observations of satelB®T
and Sea Level anomaly will provide insights abdwg physical context of the upper water column at
basin scale: i.e. variability of ocean stratifioatiand thermocline depth (which can be used axaypr
of the nutricline depth) as well as horizontal aedtical advection from the surrounding watersta t
transect (Wilson and Coles, 2005; Martinez et 2009). These physical observations will also be

compared ton situ measurements to validate the use of this proxy.

Specific questions: What species currently characterize the SW Pasifjgélagic ecosystems during austral summer
conditions? Which species or group is responsiespecific functionsN: fixation, dissolved organic phosphate utilization,
bacterial production, silification rates)?
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OBJECTIVE 2. PRODUCTION AND FATE OF ORGANIC MATTER IN CONTRASTING OLIGOTROPHIC
ENVIRONMENTS WITH PARTICULAR EMPHASIS ON THE PRODUCTION SUSTINED BY N2 FIXATION

The major objective is to study how production, mirralisation and export of organic matter
depends on the Nfixation process in contrasting oligotrophic areas3 long duration (LD: 7 days)
stations. We will quantify the flow of material (biogenic ezhents) through each ecosystem and
particularly focus on the role of-Nixation in the production and fate of organicThe fate of newly
fixed N by diazotrophs in the ocean has been poorktudied so far, despite the fact that Afixation
provides the major external source of N for the glbal ocean In most studies, the input of N brought
to surface waters byNixation is converted using Redfield ratios in @rdo ‘theoretically’ evaluate the
C production potentially sustained by this souréeNo It is not clear whether this N fuels photo-
autrotrophic phytoplankton and can be transfertedgathe trophic chain and rapidly exported outrfro
the euphotic zone, and/or if it fuels heterotropdriowth and thereby contributes to remineralisation
surface waters. In addition, the plankton diversityd its evolution after the development of a
diazotroph bloom (classical food web versus miabluop) have been very poorly studied, mainly due
to the difficulty of observing and monitoring a bha in the natural environment.

Objective 2.1. Physical and biogeochemical characteation of contrasting oligotrophic
environments

A real added value for the project will be to saen@ water masses along the trophic gradient
characterized by different populations of-fikking organisms. We expect to locate the first k@ation

(A) in an area dominated by autotrophic diazotrophishodesmiumspp. and/or UCYN-B, which
appear often spatially associated in the SW Pag¥igisander et al., 2010). The previously developed
algorithms TRICHOSAT (Dupouy et al., 2011) andPHYSAT (Alvain et al. 2005; 2008; the
Trichodesmiunalgorithm is currently being developed in the feamork of the SAVALEFER project,
Pl: C. Menkes) will help to locate Brichodesmiunspp. bloom from space. We expect to locate the
second LD station (B) in an area associated witih mbundances of UCYN-A, probably in the
transition zone between the SW Pacific and the @yedm et al. 2011). Because it will not be possibl
to identify it from space, we will uséiazotroph abundance, diversity and gene expressicssessed
onboard in near real time time using gPCR at each 18 SD stations to decide wimehwill be used
for a process study (LD station). The Third LD istat(C) will be located in the low Nixation region
(gyre), where heterotrophic diazotrophs dominatan(it et al., 2008; Halm et al., 2011).

The physical dynamics of the regions around theD3stations will be first characterized in terms of
large scale general circulation through the anslydi satellite (SST, Ocean color, Altimetry) and
operational model data. These will be automaticediyieved and processed (to derive Eulerian and
Lagrangian diagnostics such as the Okubo-Weissymea and Lagrangian Coherent Structures), and
then transmitted onboard by a dedicated serveand. IThese data will be analysed in near realtime
both on board and on land in order to optimizesti@pling strategy according to the local physica a
ecological characteristics. This approach has @yrdseen successfully implemented by the proposed
team and employed during several previous cruls&FEX (Nencioli et al. 2011), KEOPS2 (d'Ovidio
et al., 2012) and STRASSE. Local meso and submasostynamics within each region (eddy,
filaments and frontal processes and their impactregulating vertical fluxes and structuring the
ecological community) will be first characterizedraugh multisensor MVP 200 mapping at the
beginning and at the end of each survey. This alitiw to accurately identify the homogeneous and
coherent water masses which will be the focus ohe&d station. For this purpose the MVP 200 will
represent an extremely useful instrument to sampéege zone in a short time to preserve synopticit
If not available, a classical strategy with numer@irD casts will be undertaken as during the BOUM
cruise (Moutin et al., 2012). A glider mapping vitta smaller region around the station will intégra
the initial and final LD mappings. This will allovo investigate the impact of high-frequency small-
scale physical phenomena on biomasses and biogaaaidluxes. A recently improved version of the
Lagrangian navigation software developed duringlAEEX project (Doglioli et al., in press) will be
used in order to take into account the translatiotation and deformation of the studied water rasss

3 Bio-Argo floats, specifically equipped with lowvel phycoerythrin sensors will be deployed at each
LD station. In addition to conventional sensorsrfanitoring physical and biogeochemical parameters,
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they will allow to characteriz&richodesmiunspp. blooms in the SW Pacific ocean during ourseru

and on a longer time scale.
Specific questions:How do physical processes structure the planktaoimmunity? How accurately are phytoplanktonic
communities, and speciallyMlxing organisms, represented by remote sensingXa

Objective 2.2. Measurements of nutrient concentratins and/or availabilities 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 matée
thus exerts a strong influence on the species ceitipo of the food web. It is dependent on several
input, recycling and export fluxes. Nutrient conitations in the upper layer represent the equiliri
state between all those fluxes and is the firsicatdr of nutrient availabilityNevertheless, as nutrient
concentrations are very low in marine oligotrophic habitats, these measurements represent a
major observational challenge Nanomolar methods developed by the proposed ta@#irbe used for
nutrient concentrations measurements when necegRanmelin & Moutin, 2005, Rimmelin et al.,
2007, Pascoa et al., 2012).

New nutrient inputs in the upper mixed layer induitlxes induced by ocean dynamics (meso- and
submesoscale pumping; vertical turbulent mixing}efior sources (Nfixation) and surface fluxes
(atmospheric deposition). The dynamics of meso-sarmnesoscale structures is often associated with
strong vertical motion that can induce intense ujwgeof deeper, nutrient-rich waters into the eap
zone (Levy et al., 2012). The impact of those s$tmas in regulating local nutrient availability and
primary production will be investigated through thteservations described in section 2.1.

Vertical turbulent mixing is a key process drivipgysical and biogeochemical fluxes between the
mixed layer and the stratified ocean (Cuypers &04l2) and can strongly impact primary production
(Parad et al., in rev. 2013). While mixing in thexed layer is mostly driven by direct atmospheric
forcing, mixing in the stratified water column isamly driven by internal wave breaking. Internal
waves can be generated from inertial currents atsthrface or tidal forcing at the bottom. The study
area encompasses a large variety of environmeggsdiag the internal waves (Internal tides notably
vary from strong to negligible over the cruise aréas well we expect significant mixing resultingpin
instabilities of the strong currents of the westpamt. Therefore the measurements would provide a
unique data set characterizing turbulent mixing imoorly sampled area and under a variety of iatern
wave dynamical regimes and different current stmas. Microstructure measurements that resolve the
dissipative scales will be performed using a fakan depth un-tethered profiling system, “VMP6000”
(or a SCAMP that samples the first 200m). This ipnfthat can profile down to 6000 m is equipped
with microsensors for temperature and shear thatblertwo independent accurate estimates of the eddy
diffusion coefficient Kz. These two estimates viné used to test the relevance of the differentréadi
methods based on classical CTD and ADCP measuremEnis validation will allow to estimate Kz
also when microstructure measurements are not mpeeth The same strategy has been used by the
proposed team duing the BOUM cruise (Cuypers gRal2).

In addition to the input of nutrients by turbulent mixing, we will quantify the N input through
biological N: fixation, as it may be a major source in the SW Pacific. &eosd net Nfixation rates

will be measured at every station (SD and LD) betw8 and 2000 m depth using both the acetylene
reduction method (Capone, 1993) and ffd, labelling procedure, incubation (24 h) and mass
spectrometry analyses (MIO Marseille) as describédontoya et al., (1996) and Bonnet et al., (2011)
The!®N; enriched seawater method (Mohr et al., 2010; Wilsbal., 2012; Grosskopf et al., 2012) will
be used during the cruise and several method aoi@parisons will be performed between i,
bubble method and theN, seawater enriched method, both performed undee tneetal and DOM-
clean (Bonnet et al., 2009) and non-trace metainceend DOM-clean procedures.

In order to better understand the relationship betw(photo)-heterotrophic diazotrophs and DOM, we
will perform DOM characterization through FT-ICR M@llows the detection of individual DOM
compounds) simultaneously te Rixation measurement and diazotrophs diversity.

Aeolian dust transport represents, on a globalescde dominant source of iron, an essential
micronutrient for phytoplankton growth, to the ocedickells et al., 2005). Some of the melanesian
archipelagos crossed during the transect (Vankgiy exhibit active volcanoes, which have beennsee
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(in the North Pacific) to provide sources of vepluble and bioavailable trace metals such as iron
(Olgun et al., 2011) and potentially N and P. Couosatly, dust inputs could stimulatesitu biological
productivity in oligotrophic ecosystems and altemenunity composition, distribution of nutrients and
finally the net sequestration of atmospheric,C@®e will quantify the input of nutrients by the
atmosphere and study the influence of dust deposits the food web and their potential impact on

N2 fixation, using microcosm experiments.
Specific questions:Is N, fixation a major source of new N for primary pration in the photic layer? Do direct
measurements of eddy diffusion coefficients reasgramree with previous estimations? What couldHhgerole of dust?

Objective 2.3. Organic matter production and foodveb structure

Because of light/energy requirements, marine omyamtter is almost entirely produced in the upper
photic zone of the ocean. Variable primary producfuelled by physical processes acting over a wide
range of scales interacts with predation to deflme species composition of planktonic populations
(Gargett & Marra, 2002). The basic principle of tenceptual food web structure, which has not been
critically challenged since its original descriptiQJohannes, 1965; Thingstad et al. 1999), is tsider
two trophic strategies. Osmotrophy refering to argas that feed by taking up dissolved nutrients an
phagotrophy refering to organisms that feed byngaparticulate matter. Osmotrophs include both
heterotrophic bacteria and autotrophic phytoplamktehile the predatory food chain includes protgzoa
mesozooplankton and higher predators (all hetgobsp

Biogeochemical fluxes in relation to osmotrophiogurction

We will measure fluxes of biogenic elements (inahgdC) and determine parameters that will help to
represent these fluxes (P vs | parametegs,ax affinity constants...). Classical approaches using
stable {°N, 3C) and unstable!{C, *°P, 32Si) isotopes for measuring biogeochemical fluxds lvé used
for bulk measurements, along with new techniquethatsingle-cell level, which address by which
species (or group of species) a specific elemesathe®n taken upNew methods concerning both
dominant species separation as cell sorting by flowytometry developed by the proposed team
(Duhamel et al., 2009, Gregori et al., 2011; Talaret al., 2011pnd low detection limits of chemical
analyses will allow us to define species-specifiptake parameters.The contribution of mixotrophy
and photoheterotrophy to the biogeochemical fluge<C and N will be studied together with the
environmental factors that control mixotrophy aryhbiosis by microbial eukaryote$he methods
proposed will allow us to significantly improve ourunderstanding of the factors controlling the
distribution and activity of different groups of plankton functional types and to link their
phylogenetic and functional diversity.

Regarding N-fixing organisms, recent major development in Si{®8condary lon Mass Spectrometry)
instrumentation (NanoSIMS 50TM) now allows for thieasurement of isotopic ratios with a spatial
resolution better than 100 nm (Guerquin-Kern et2805; Slodzian et al., 1992). The capability wérs
instrument to measure isotopic composition makesiitable to study environmental microbiology at
the single-cell level (Lechene et al., 2006). Mafsthese recently discoverea@-fixing micro-organisms
are uncultured and many unresolved questions reataont their physiology and their importance in
term of input of new N in the ocean. The nanoSIM&hhology associated with cell sorting (Bonnet et
al., In Rev.) or FISH (HISM-SIMS, Thompson et 2012, Krupke et al., 2013) will be applied to asses
the contribution of every diazotrophic group to @lefluxes, and determine organic/inorganic nuttse
controlling their activity. We will focus on the aently described UCYN (Moisander et al. 2010,
Thompson et al. 2012) group whose role in C andydlirrg is not well understood thanks to recent
methods developments realized by the proposed tea@references above).

The silicification process in marine diatoms wik linvestigated at the single-cell level using the
PDMPO labelling technique (Leblanc & Hutchins, 2D05

Phagotroph production (secondary production)

The planktonic food web structure influences the faf primary production in the ocean and has
consequences for the G@ansfer process. It is generally understood Wian small eukaryotes or
prokaryotes dominate the microbial community, tih@zgrs of picoplankton are small protozoa which
do not produce rapidly sinking faecal pell&spite their omnipresence and their pivotal rolen the
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energy flow in marine waters on a global scale, thphysiological ecology of these organisms is
poorly understood. Several grazing steps are necessary to enabt@gyrproduction to be incorporated
into the upper trophic levels. Therefore, most lbé tC fixed by phytoplankton is respired and
remineralised by the microbial community in thefaoe mixed layer and there is little or no net kpta
of CO; from the atmosphere to the sea. In contrast, vidigie phytoplankton cells dominate, they can
either sink to depth or be grazed by copepods #mel mmesozooplankton which produce rapidly sinking
faecal pellets. However, Mesozooplankton, i.e. pops, have recently been coupled to lower trophic
levels in the eastern Mediterranean Sea (Thingstad. 2005) and their contribution to the C cyafe
oligotrophic areas needs to be reconsiderée. upper meso- and macrozooplankton, largely under
sampled by classical techniques, may also signifitily contribute to the vertical transport of
organic matter.

An apparently high contribution of diazotroph N zooplankton directly east of New Caledonia was
recently evidenced (Hunt et al., in press), suppgrsimilar findings in diazotroph rich areas oéth
Atlantic (Hauss et al. 2013). It is possible toc&athe diazotroph signature through the
macrozooplankton to the micronekton component effttod web. These are the first detailed stable
isotope measurements of the pelagic community ptedefor the region. We will now increase the
geographic coverage of zooplankton and stable pgogampling across the SW Pacific diazotroph
gradient,specifically to investigate the relative contributons of diazotrophs to food web N and the
their role in structuring community composition. We will apply bulk stable isotope analysis in
combination with amino acid specific N isotope angbis (CSIA). The latter method provides the
added resolving power of direct estimate of souMcesotope signature for any organism measured
(McClelland et al. 2003)A key question remains what are the pathways thatied N takes to reach
primary consumers (microzooplankton and zooplanktongrazers) and upwards. In part we can
contribute to answering this question by detaileecges level stable isotope analysis of all lowephic
level community components. Additional insightsiveié gained by experimental studies using labelled
N tracers (Loick-Wilde et al. 2012).

Biogeochemical process from optical measurements

Integrated measurements of bio-optical propertied pigments will be made with instruments
measuring hyperspectral radiometry in the UV-Visidbmain, with UV-VIS Trios spectroradiometers
(Murakami and Dupouy, 2013). Two consecutive pesfibf downward irradiance [Ed¢]] will be
conducted at solar noon with a MicroPro free-fabbfiper (Satlantic) that is equipped with pressure,
temperature and tilt sensors and OCR-504 downweadiance sensors for the UVR-B (305 nm), UVR-
A (325, 340 and 380 nm) and PAR (412, 443, 490 %6l nm) spectral domains, according to the
protocol given in Tedetti et al. (2007) and Parale{(2013). Surface (atmospheric) irradiance Jgs(
which is equivalent to the downward irradiance jadtove the sea surface [Ed(0Df, will be
continously measured in the same channels fromsthp deck with other OCR-504 downward
irradiance sensors (surface reference). These mezasnts will be made to account for the variations
cloud conditions that occurred during measuremBatkscattering at the satellite channels will be
obtained with the Hydroscat-6 (Dupouy et al., 202810; Loisel et al., 2011). Hyperspectral light
absorption of particles and CDOM and FDOM charazation (with the identification of markers of
bloom degradation in the surface, above and bel@ietiphotic depth, etc...) in relation with pigment
concentrations (Coble, 1996; Tedetti et al., 2QA012). Additionally, the characterization of optica
properties of dominant species (Dupouy et al., 2@d®8ountered along the transect will be realited.
addition, inorganic aerosol quantification and atpteeric radiance measurements will be continuously
done along the transect, especially around the atanarchipelago. Simulations reveal that in Nonther
Atlantic atmosphere, dusts are able to induce rafgignt decrease of PP due to the attenuatiorgbf |

by about 15-25% for dust optical depth (DOD) lartpem 0.6-0.7 (at 550 nm).

Specific questions:What are the characteristics of the dominant specencerning photosynthesis; fikation, nutrient
uptake, osmotrophy and phagotrophy?

Objective 2.4. Organic matter mineralization and f@d web structure
The study of organic matter degradation will foaus the relationship between mineralization and
bacterial diversityHence, examining the relationship between diversitand functionality within
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the bacterial community (ectoenzymatic activity, upake of specific organic compounds
representative of a chemical family) is a major chigenge for understanding the impact of
prokaryotic heterotrophic processes on mineralizathn of organic matter along the water column
We will also study the factors controlling bactépeoduction and the consequences of such controls
heterotrophic activity, and the hydrolysis ratddigsolved Organic N and P.

The wide geographical and vertical (in the oceawmter column) distribution of heterotrophic
diazotrophs suggests they dreund to have a key role in global N fixation. However, failure to
isolate and maintain these organisms in culturétdimur knowledge on their activity and nutritional
needs (Zehr, 2011). While the genetic informatidntheese organisms reveals their dependence on
organic matter (Riemann et al., 2010; Tripp et 2010), this relationship has not been studiedaso f
We will perform microcosm experiments at LD statido test whether different sources of DOM (C-
enriched, N-enriched or P-enriched commerciallyilaisbe sources, and natunal situ DOM) trigger No
fixation and/or the expression of nifH by differegtoups of heterotrophic diazotrophs. Additional
nutrient amendment experiments will be performeidg$C- and®N-labelled organic molecule and
the HISH-SIMS (Thompson et al., 2012nhethod in order to identify which diazotrophs askite

which organic molecule and in which quantity.

Specific questions:What are the changes in prokaryotic heterotroptitivity and community composition in relation with
horizontal (west-east) and vertical (surface totlig¢mutrient gradients and the composition/labilitf/the dissolved organic
matter?

Objective 2.5. Organic matter export (particulate and dissolved matter)

The structure of pelagic ecosystems influencesittee and type of downward flux of biogenic C in the
sea (Legendre and Rassoulzadegan, 1996). Thisalditix is composed mainly of large particles such
as fecal pellets, hard parts of zooplankton, ammuphaggregates, marine snow (Fowler and Knauer,
1986; Silver and Gowing, 1991), and senescent migtgarticularly in the aftermath of blooms (Billet
et al., 1983). Fecal pellets can sink quickly: Z0-9n d' for copepods (Lorenzen, 1983; Welschmeyer
and Lorenzen, 1985), and up to 2700 ™far large gelatinous zooplankton (Bruland and &\ 981;
Madin and Purcell, 1992). High sinking velocitieendead to the efficient export of biogenic C. The
downward flux of biogenic C can therefore be laygddminated by C of zooplankton origin (Thibault
et al., 1999). We will use the Underwater Visiowfiler (UVP; Picheral et al. 2010) to assess valttic
POC flux from particle size distribution (PSD) (@uiet al. 2008) and vertical distribution of
zooplankton (Stemmann et al., 2008) that are dyrelatked to the vertical flux. We will also
complement the zooplankton distribution by an iedir estimate of zooplankton vertical profiles
through acoustics from the ship borne S-ADCP anddred ADCP on stations as well as from ER 60
(200kHz) echosounder. In addition, using imagesftbe UVP, we will describe vertical, horizontal,
and temporal evolution of thiErichodesmiunspp. colonies similar to what has been done recenthe
North Pacific (Guidi et al. 2012)Trichodesmiumspp. colonies will be spatially and temporally
correlated to vertical particle flux and their potential contribution will be estimated.

We will study the C/N/P/Si stoichiometry of settlig particulate matter because despite its
biogeochemical relevance, there are few direct maagments available(Geider & La Roche, 2002).
We will also examine the role of larger particulateatter responsible for the marine snow rarely
observed in oligotrophic areas and quantify ingtaabus DOC export.

It has been recently reported that bacteria livmthin colonies of the Bfixing cyanobacterium
Trichodesmiumspp. use cell-cell signaling to regulate the degfiad of organic phosphorus
compounds (Van Mooy et al., 2012). In a separatdystit has been found that bacteria living on
sinking particles may also use cell-cell signalingegulate organic matter degradation (Hmelo ¢t al
2011). Finally, rates of Nfixation were also found to be affected by cell-sgnaling (Van Mooy and
Dyhrman, unpublished). We will combine these thiiedings and ask the next questidtow does
cell-cell signaling via acylated homoserine lactone (AHL) and autocest? (Al-2) molecules in

senescentrichodesmiunspp. coloniesffect the export of new organic N in sinking partcles?
Specific questions:What is the ratio of particulate vs dissolved orgamatter export? What is the role of Trichodesmium
spp., and of cell-cell signalling in the export?
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Objective 2.6. Fate of N fixation

Although direct evidence of trophic transfer fromzbtrophs through planktonic food webs is lacking,
studies based on natural abundanc&Nfin suspended particles and zooplankton suggastNtfrom
diazotrophy would support a part of primary andoselary production in the subtropical Atlantic Ocean
(Montoya et al., 2002; Landrum et al., 2011). Idlitidn, a low deltal®N signature of exported material
at the time series station HOT (Karl et al., 192D02; Casciotti et al., 2008), and of nitrate
accumulating in the upper thermocline of the SasgaSea (Knapp et al., 2008) would indicate that
recently fixed N is transferred out of the euphatme. As fragments africhodesmiunspp. are rarely
recovered in sediment traps (Walsby, 1992) andrargtly ungrazed (O’Neil, 1999), transfer of fixed N
is probably done through the dissolved pool (Mubad, 2007). Indeedirichodesmiunspp. has been
seen in the natural environment and in cultureglease up to 50-80% of recently fixed & dissolved
organic N (DON) and ammonium (NH (Capone et al., 1994; Mulholland & Bernhardt, 200
potentially available for surrounding planktonicnomunities. Alternatively, Brandes et al., (1998)
suggested that some material derived frogriRation can be remineralized in surface wateghténing
the isotopic nitrate signal, which may be propadaleng the trophic chain.

This lack of knowledge is essentially due to thek laf techniques which allow us to trace the N dfan
through the different compartments of the food waie. propose here to overcome these difficulties by
using a combination of powerful techniques previpused by the proposed team in the framework of
the VAHINE project (INSU-LEFE — ANR JCJC PI: S. Bwt), including: 1/ high-resolution nanometer
scale secondary ion mass spectrometry (NanoSIM®)led to 2/ flow cytometry cell sorting and 3/
15N isotopic labelling (Bonnet et al., In Rev.).

Previous studies have shown that increased TEPuptiod by Trichodesmiumwas coupled with
caspase activation and programmed Cell Death (PB&man-Frank et al., 2004, 2007). The
concentration of TEP will be correlated to PCD ahzdtrophs using diagnostic genetic markers
currently developed by I. Berman-Frank (Univ. Ban| Israel).

In order to quantify the part of export productitvat has been sustained by fixation, ad'>N budget
will be performed at LD stations, based!dN natural abundance (collaboration with A. Knaplorida
State University)s 1°NOs, § ®DON will be measured along the vertical at LD stasi. Using the PN
sinking flux and PN sinking**N, we will construct a 1-D (vertical) isotope butigehere the water
mass at LD stations is treated as a single boxwiNassume that there are two sources of new th¢o
surface waters, the first of which being total diged N (TDN) (TDN = NQ@+NO>,+DON) mixed up
from subsurface waters, using &N of TDN from the base of the seasonal mixed lagethe5*>N for
this source term. The other source of new N wilebsumed to be N from.Nixation, with as'*N of -
1%o. (Hoering and Ford, 1960; Minagawa and Wada, 198&rpenter et al., 1997). First we will
construct ad*®N budget assuming that the TDN supplied from thlesarface is the only important
source of new N, and assume that the two domingmireterms are represented by 1) the gradient in
[TDN] and TDN&'°N from the surface to subsurface and 2) the PNirsinftux and its3°N. We will
then ask whether th#°N budget can be balanced without fixation, or whether thé°N of sediment
trap material is too low to be explained by the TBMrce alone, and tl&°N budget thus requires an
additional, lows™N source of new N, such as from Fixation (see similar calculations in Altabet,
1988; Karl et al., 1997; Knapp et al., 2005). Usinig 3*°N budget, we will determine what fraction of
export production is supported by Nixation. By multiplying this fraction of export rpduction
supported by Bfixation by the PN sinking flux, we can calculae absolute Mfixation rate for the

duration of the sediment trap deployment and comffeem with direct measurements.

Specific questions:What is the fate of Nixation? Does programmed cell death ((PCD), induced in sofrie dominant
diazotrophs — Trichodesmium) induce enhanced \&réigport as we see from lab experiments? Can emtify changes in
physiological status of the populations using PCarkars (Bar-Zeev et al. 2013)?

OBJECTIVE 3. REPRESENTATION OF MAJOR BIOGEOCHEMICAL FLUXES AND OF THE DYNAMICSOF THE
PLANKTONIC TROPHIC NETWORK

The multidisciplinary field data gathered duringe tOUTPACE cruise will be available to the
international community as soon as possible (CYB##a base) in order to help represent the
interactions between climate, biogeochemical cyale$ marine ecosystem&.multi-scale modelling
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approach is proposed from the beginning of the OUTRCE project. Its objective is to complement
the observations with the analyzed data in orderutwerstand the interactions between the
biogeochemical cycles of the biogenic elements theddynamics of the planktonic trophic network.
Modelling will also be used in interaction with @pgation and measurements at several scales and at
several moments of the project in order to optintieepotential of each of these tools.

Objective 3.1. Process scale studies

We first plan to focus on some physical and biogeatcal processes through (i) the zero-dimensional
(OD) modelling of microcosm and through (ii) thengiified 1D vertical modelling of the physical and
biogeochemical processes at the long durationosttiThese stations will be positioned in regions
where the horizontal variability of the hydrolodiead biogeochemical properties is supposed towe |
over the duration of sampling making it possibledmsider a 1DV modelling approach. Moreover, the
majority of the model's needs, in terms of statealdes and parameters, will be acquired through in
situ measurements or by controlled activitiessampling and microcosms during the cruises.
Microcosm experiments and modelling (OD) are imatrtfor several reasons, the main one being that
they provide a vision of the biogeochemical andphio web functioning deconvoluted from
hydrodynamic aspects. This is a crucial step toséné understanding of the ecosystem. Microcosms
are also useful to acquire certain model paramefeharacteristics of nutrient assimilation,
photosynthetic parameters, respiration rates, ralisation...) and to test or develop new matherahti
formulations for processes where current formutaret validated or represented. It is also impartan
that these microcosm experiments are undertakaengdtive cruises (or field studies) with in situ @t
samples in order to obtain parameters which aneseptative of the studied ecosystem.

In practice, a biogeochemical model relevant for B¥¢ific waters and developed during the VAHINE
project will be used to model the OD experimerttss based on a previous version of a biogeochdmica
model developed for the Mediterranean sea whicluded 6 functional types, namely bacteria, two
phytoplankton size-classes, HNF, ciliates and mesgoizankton and which was already implemented in
the Eco3M modelling tool. In this model, organishave flexible stoichiometry and are represented in
terms of C, N, P biomasses as well as in abundam&sng the VAHINE project, the diazotroph
Trichodesmiunspp. has been added and the introduction of athieellular diazotrophs will be done in
near future (Post Doc ANR JCJC VAHINE). This moaa! be validated in the frame of the VAHINE
project but it can already be used as an a priodehto help in designing the microcosm experiments
that will be held on board. The measurements witlirn be useful to refine the a priori model.

In terms of processes, this model gives a mecharestsemi-mechanistic representation of the key
processes of plankton dynamics (photosynthesistopholimation, nutrient absorption, DOM release,
respiration, grazing, mineralization, excretiop,.The majority of these processes have been vatida
using microcosm and mesocosm experiments (Bakéwl., 2006b, Baklouti et al., 2011, Alekseenko
et al., subm.). Among the processes that spedificaled to be worked on, the diazotrophy process is
certainly the main one. FoFrichodesmiumspp., the mechanistic model of Stephens et al03R0
adapted to Trichodesmium spp. by Rabouille et 2006) has been used and adapted to our model.
However, for unicellular diazotrophs, existing misdi®r diazotrophy are scarce and rely on empirical
laws deduced from macroscopic observations. Inrotdeimprove such models, the underlying
mechanisms of diazotrophy need to be understoquicesdly the interaction betweern, Nxation and
nutrient uptake of other N sources, phosphatejrand

Objective 3.2. In situ experiments at long duratiorstation (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 ahe organic C produced (Re-mineralisation,
export). The use of a flexible stoichiometry model (non fRddian) will potentially make it possible to
illustrate the decoupling of the biogenic elemeytles in the oligotrophic ocean. The objectiveads t
understand the production and fate of organic maitéhe oligotrophic food web, and their role et
global C cycle. To achieve this, we will proceedHe extraction of those criteria which appear etsale

in providing a satisfactory representation of tharime pelagic ecosystem and biogenic element fluxes
The complexity of the trophic relationships will anplified by focusing on the groups of species
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having similar biogeochemical functions (i.e. fuanal groups). The relevance of the 1DV modelling
will depend on in situ measurements carried otsh@tlong duration stations. Indeed, a certain numbe
of parameters which will be measured are essemtiachieving a realistic representation of the
dynamics of the pelagic ecosystem and thus a grezstimate of the C budget. These parameters
include all the parameters related to phytoplankphrtosynthesis and to nutrient uptake by the
plankton. In coupled physical-biogeochemical modile parameterization of turbulence is frequeatly
source of error, because it is based on empiraves,| and because these laws are not then re-catibra
for each studied site (typical values found inlitexature are used to parameterize these lawsk, Hte
will be possible to use realistic vertical profililesthe hydrodynamic 1DV model to accurately estana
the coefficients of turbulent vertical diffusiorkz- (cf obj 2.1). The use of such realistic prdilis an
essential step in representing the mixing processee surface layer and the nutrient fluxes atlibse

of the euphotic layer. However, a simplified 1Dsien could be achieved instead if the 1DV model is
too difficult to parametrize. This simplified modsbuld consider that the water column is dividedin
number of boxes that would receive different ligitensities according to the vertical profile of RA
and which would exchange matter only through timkisg of detritical matter. The biogeochemical
model that will be used for the 1DV configuratianthe same as the OD one except that it will benefi
from the refining that will have been done thanidhte microcosm experiments. This type of model
enables us to obtain a representation of the bagsoical cycles of the principal biogenic elemdfts

N, P) as well as representing organisms ("functiogeoups) that play a key role in the dynamics of
organic C production and transfer. The whole datecsllected from the long duration stations, amd i
particular the data obtained in a quasi continunasner such as nitrate fluxes and stocks, willrdfie
possibility of validating the coupled model whigp to this point has never been carried out dubeo

strong mismatch between experiments and modelling.
Specific questions:Is it possible to reproduce, with only one uniqustyuctured model, the principal physical and
biogeochemical characteristics of the differengotrophic areas studied?

Liens avec les programmes nationaux et internationa : Annexe A(dossier CNFH, p. 4).
Résultats attendus plus détaillés Annexe A(dossier CNFH, p. 5).

Calendrier :

Février 2014: Réunion pré-campagne avec tous ktgipants (Marseille, France)

Septembre 2014: Réunion pré-campagne du comitdisagaur (Marseille, France)
Octobre2014-Février 2015: Préparation de la campagmvoi du matériel sur I’Atalante & Nouméa
Février-Mars 2015: Mission dans le Pacifique SGs¢dption détaillée dans I'annexe 1)
Décembre 2015: Réunion post-campagne avec topsitsipants (Marseille, France)
Février-Mars 2016: Atelier de travail focalisé sphysique (~10 personnes)

Mai-Juin 2016: Atelier de travail focalisé sur ladggochimie (~10 personnes)

2016: Demande pour une session spéciale a 'OSM,20duvelle Orléans, Louisiane (USA)
2016-2017: Publication des résultats scientifiqlesue spéciale, Journal a déterminer)

Valorisation des travaux antérieurs :Annexe A(dossier CNFH, p. 30-31).

Reéférences Annexe A(CNFH) p. 25-30 pour la communauté OUTPACE é1p53 pour les autres
Lettres de soutien :IMBER (Annexe A dossier CNFH, p. 54) et B. Van Mooy (dossier CNpHB5).
Annexe A(p. 1-55): dossier CNFH simplifiéynnexe B(p. 56): Tableau budget (postes de dépenses),
Annexe C(p. 57-58): Colts analytiquegnnexe D(p. 59): devis transport personnéhnexe E(p. 60-

61): devis transport matériéinnexe Hp. 62): demande cellule piege.

Remarque : une contribution aux réseaux ARGO et Bio-ARGO est souhaité dans cette campagne.
La demande sera réalisée en temps voulu. Le lardadge flotteurs Bio-ARGO a chaque station de
longue durée a déja été discuté avec Hervé Cladstte®V. |l est envisagé notamment si ces flotteurs
peuvent étre équipés de capteurs de fluorescepeblea de détecter certains diazotrophes : I'éate
en cours.
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Ressources nécessaires a la réalisation du prof@f Annexe 4 pour Tableau correspondances N° deegpslB : ce tableau inclue uné® année
(2017) qui ne figure pas sur le site INSU et exg@itp différentiel des postes ‘fonctionnementsatdires’ par rapport au tableau INSU.

N° POSTE DE DEPENSE (Cf Tab. Annexe 2) 2014 2015 2016 2017| TOTAUX TOTAL ACQUIS (Or salaires perm.) | TOTAL DEMANDE LEFE | TOTAL DEMANDE ANR
FONCTIONNEMENT Total --> 16000 10240 22740 12500 61480 FONCTIONNEMENT
1 16000 0 0 0
2 0 0 7500 7500
3 0 0 5000 5000
4 0 2500 2500 0
5 0 7740 7740 0 0 [ 16000 45480
PETIT EQUIPEMENT (<15K€) Total --> 6000 0 0 0 6000 PETIT EQUIPEMENT
6 6000 0 0 0 non évalué ici mais > 1M€ | 6000 0
ANALYSES (incluant consommables) Total --> 113760 Br60 45880 0 273400 ANALYSES
7 43760 43760 21880 0 |
8 70000 70000 24000 0 [ 164000 43760 43760
MISSIONS + TRANSPORT DE MATERIEL Total --> 121760 53%0 35200 0 210800 MISSIONS
9 8800 0 0 0
10 2780 0 0 0
11 12660 14320 0 0
12 5520 8320 0 0
13 8000 0 0 0
14 25000 0 0 0
15 42000 0 0 0
16 0 1800 0 0
17 0 8000 0 0
18 17000 0 0 0
19 0 4000 0 0
20 0 6000 0 0
21 0 11400 0 0
22 0 0 4100 0
23 0 0 4100 0
24 0 0 27000 0 72000 85600 35200
SALAIRES NON PERMANENTS Total --> 49949 152497 88598 558 323612 SALAIRES
25 18677 0 0 0
26 7004 7004 4669
27 4669 4669 0 0
28 9338 28015 0 0
29 0 9770 0 0
30 3257 9770 0 0
31 7004 14009 4669 0
32 0 46692 46692 0
33 0 32568 32568 32568 132524 0 191088
TOTAUX 598938 650434 362096 77636 TOTAUX 368524 151360 315528
TOTAL ACQUIS 185949 149237 33338 0 368524
TOTAL DEMANDE A LEFE 81640 69720 0 0 151360
TOTAL DEMANDE A L'ANR 0 111380 159080 45068 315528
TOTAL DEMANDE ACI IRD 18000 0 0 0 18000
COUT GLOBAL (4 ans) 285589 330337 192418 45068 8534112
COUT GLOBAL France (4 ans) 135581 228655 159080 9013p B52
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Co-financements acquis ou soumis (hors INSULe tableau ci-dessus dresse la liste des besaiardiers pour le projet OUPACE. En vert figurert ¢@-financements acquis, en
bleu, le co-financement demandé a LEBEn de réduire au minimum le budget demandé a LEFEdes co-financements (en rouge) ont été acqui®puétre demandés par ailleurs
(cf section 4. Liens avec les programmes natiorgurternationaux doc CNFH en Annex€p-financements acquisL’'ensemble des couts humains/missions/équipe metyses
afférents a la participation des 9 universitésnéféaes est pris en charge par nos partenairegétsarPour la partie francaise, 2 doctorants eissdoctorants impliqués dans ce projet
sont déja financés (bourses MRT, Postdoc MarieecCUABEX CORAIL). Une demande ‘Banque Sud’ MIO auteur de 24 K€ est acquise sur le principe (corfbement missions).
Co-financements demandésJne ACI IRD est demandée en septembre a hauteliB &&€ dans la mesure ou ce projet implique plud@ecientifiques de I''RD de 5 unités IRD
(MIO, LEGOS, LOCEAN, EIO). Une demande ANR seraak#e le 23/10/2013 (Cf Annexe CNFE).

Total demande INSU (préciser I'action concernée en

co(t total Cofinancements (préciser la source pour chaque case concernée) . -
cas de projet multi-actions)
Acquis Acquis Acquis Demandés Demandés Demandés demande INSU demande INSU demande INSU
année 1 année 2 année 3 Année 1 année 2 année 3 année 1 année 2 année 3
Moyens nétlonaux (rempli 1170000 1170090
automatiquement sur le (Atalante) 0 0 0 0 (Cf dossier 0 0 0 0
formulaire informatisé) CNFH)
Personnel permanent
li aut ti t
(rempli automatiguemen 1107743 205466 507358 394919 0 0 0 0 0 0
sur le formulaire
informatisé)
Personnel temporaire
(rempli automatiquement 291044 49949 73237 9338 0 79260 79260 0 0 0
sur le formulaire
informatisé)
Fonctionnement
-_P(;cbi:sé?qrzirgzr?::zt 517300 136000 76000 99640 101840 79820
e
- Missions Analyses (MIOeri';rang (étrangers) 24000 (LEFE + IRD) | (LEFE + ANR) (ANR) 81640 69720 0
Publications
- Gratifications de stage
Equipement > 15 k€ 0 0 0 0 0 0 0 0 0 0

(joindre devis)

Récapitulatif (doivent correspondre aux cases du tdeau du formulaire informatisé)

Total cofinancements acquis : 368 524 euro (hdesrea permanents)
Total cofinancements demandés : 310 340 euro (348Guro avec demande Atalante)
Total demande INSU : 151 360 euro
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