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Abstract

In the framework of the VAHINE project, we invagdied the spectral characteristics
and the variability of dissolved and particulateacthophoric materials throughout a 23-day
mesocosm experiment conducted in the South Wedid atcthe exit of the New Caledonian
coral lagoon (22°29.073 S - 166°26.905 E) from adayd3th to February 4th 2013. Samples
were collected in a mesocosm fertilized with ph@dplat 1, 6 and 12 m depth and in the
surrounding waters. Light absorption coefficientsloromophoric dissolved organic matter
(CDOM) [ag(A)] and particulate mattegf(r)] were determined using a point-source
integrating-cavity absorption meter (PSICAM), whilgorescent DOM (FDOM) components
were determined from excitation-emission matri¢eSNIs) combined with parallel factor
analysis (PARAFAC). The evolutions af(1) anday(1) in the mesocosm were similar to
those of total chlorophyl concentrationSynechococcus spp. and picoeukaryote abundances,
bacterial production, particulate organic nitrogel total organic carbon concentrations,
with roughly a decrease from the beginning of tkgegiment to days 9-10, and an increase
from days 9-10 to the end of the experiment. Insilmeounding waters, the same trend was
observed but the increase was much less pronouecgthasizing the effect of the phosphate
fertilization on the mesocosm’s plankton commun@grrelations suggested that both
Synechococcus cyanobacteria and heterotrophic bacteria wer@glyanvolved in the
production of CDOM and absorption of particulatettera The increase in phytoplankton
biomass during the second part of the experimehtde higher contribution of particulate
material in the absorption budget at 442 nm. TheetiDOM components identified
(tryptophan-, tyrosine- and UVC humic-like fluoraphs) did not follow the evolution of
CDOM and particulate matter, suggesting they weireed by different

production/degradation processes. Finally, theltesfithis work support the idea there is
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indirect coupling between the dynamics gffitation and that of chromophoric matenah

the stimulation oBynechococcus bloom.

Key words: South West Pacific, mesocosm, CDOM, FDOM, parti@u&bsorption,

cyanobacteria.
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1. Introduction

Besides water itself, light absorption in the marenvironment is due to three main
biogeochemical constituents: 1) chromophoric disssblorganic matter (CDOM), also known
as gelbstoff, gilvin and yellow substances, anactaphoric particulate matter, subdivided
into 2) phytoplankton (photoautotrophic microorgams), composed of both prokaryotic
(cyanobacteria) and eukaryotic species (diatonmgfidigellates, coccolithophores,...), and 3)
non algal particles (NAP), comprising organic anderogenic detritus, and heterotrophic
organisms. Absorption spectra of CDOM, phytoplankiod NAP have been extensively
studied over the last two decades in various ocgaavinces including coastal waters and
open ocean (Blough and Del Vecchio, 2002; Babiad.e2003; Bricaud et al., 2010;
Matsuoka et al., 2014). Indeed, in addition tortkey role in the oceanic carbon cycle, these
three constituents strongly influence the undermlagbt field and the apparent optical
properties of seawater. The knowledge of their giigm spectra is thus essential for bio-
optical modeling and remote sensing applicationsho be used as well to investigate
biological processes in the ocean.

Absorption coefficients of CDOMa(1)] and NAP BnadA)] typically decrease
monotonically (exponentially) from ultraviolet (U\X280-400 nm) to visible (400-700 nm)
wavelengths (Nelson et al., 1998; Swan et al., 2008tone et al., 2012). Even though
CDOM absorption spectra are usually featurelesagstshoulders” have been observed
sporadically in the UV and visible spectral domaansl attributed to the presence of
dissolved absorbing pigments released by phytopdangells: mycosporine-like amino acids
(MAAs) at 310-320 nm or at 330-360 nm, and phaeawopigts or non-chlorin metal-free
porphyrins at 410-420 nm (Whitehead and Vernetp2&®ttgers and Koch, 2012; Organelli

et al., 2014, Pavlov et al., 2014). In contrassaaption coefficients of phytoplanktoay[A)]
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determined from natural samples commonly displayvain peaks in the visible range,
around 435-450 and 675 nm, attributable to itseainin total chlorophyla (TChla = mono
Chla + divinyl Chla) (Lutz et al., 1996; Dupouy et al., 1997; Bricaidl., 2004), but may
also reveal other peaks or shoulders resulting tft@presence of other pigments: MAAs at
325 nm (Bricaud et al., 2010), TGl TChlc and photoprotective carotenoids at 460-470 nm,
photosynthetic carotenoids and photoprotective-katotenoids at 490 nm (Carreto, 1985;
Stuart et al., 1998; Wozniak et al., 1999; Lohrehal., 2003) as well as phycoerythrin at 550
nm (Morel, 1997). Hence, while chromophoric detniteatter (CDM = CDOM + NAP) is the
major contributor to total absorption in the UV daim(~ 60-95 %), in the blue region (440-
490 nm), the contributions of CDM and phytoplanktend to be equivalent (~ 40-50 %),
while CDOM alone is accounting for ~ 80-95 % of CDivthe UV and blue ranges (Siegel et
al., 2002; 2005; Tedetti et al., 2010; Nelson amgj&, 2013).

In “Case 1 waters” (Morel and Prieur, 1977), whach generally - but not necessarily -
open ocean clear waters, optical properties areratad by phytoplankton and all its derived
material, and TChé concentration may be utilized as an index of @pfcoperties thanks to
its covariation withay(X), ag(), anadr) and particulate backscattering coefficiemg(\)]
(Antoine et al., 2014). Due to the covariation vagi) in Case 1 waters, CDOM is
considered as being a by-product of phytoplanktpnicluction. Nonetheless, recent studies
have highlighted some degree of de-phasing bettfeedynamics in phytoplankton and that
of CDOM at the global, regional or seasonal scaledel et al., 2002; Morel et al., 2010;
Xing et al., 2014). Whilst photobleaching is nowsmered as a major degradation process of
CDOM in surface waters (Del Vecchio and Blough, 208elms et al., 2008; Bracchini et al.,
2010; Swan et al., 2012), the main source of CD@Mgen ocean is still a matter of debate,
particularly for its “humic-like” component, whidbsorbs light over a broad range of UV

and visible wavelengths and fluoresces in the kasilomain (Andrew et al., 2013). Some
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works suggest that this humic-like CDOM is in paremainder of terrestrial matter that has
been diluted and transformed during transit toaitdin the ocean (Blough and Del Vecchio,
2002; Hernes and Benner, 2006; Murphy et al., 2008rew et al., 2013). Conversely, other
studies put forward its autochthonous marine soanckits production from phytoplankton,
including green algal, diatoms, dinoflagellatesrf\a&¢ and Whitehead, 1996; Romera-Castillo
et al., 2010; 2011; Chari et al., 2013), the diexgatic (N>-fixing) cyanobacteria
Trichodesmium spp. (Subramaniam et al., 1999; Steinberg e2@04) and the non-
diazotrophic picocyanobacter@nechococcus spp. andProchlorococcus spp. (Romera-
Castillo et al., 2011), from zooplankton (Steinbet@l., 2004; Ortega-Retuerta et al., 2009),
or from the bacterial degradation (mineralizatiohphytoplankton-derived organic matter
(Nelson et al., 1998; 2010; Swan et al., 2009).

The New Caledonian coral lagoon, located in thetls@Vest Pacific, is a tropical,
oligotrophic Low Nutrient Low Chlorophyll (LNLC) exsystem in which diazotrophs such as
cyanobacteridrichodesmium spp. (Dupouy et al., 1988; 2008; Masotti et @02 Rodier
and Le Borgne, 2010) and diazotrophic picocyanaac{Biegala and Raimbault, 2008) but
also non-diazotrophic picocyanobacteria sucByaschococcus spp. andProchlorococcus
spp. (Biegala and Raimbault, 2008; Neveux et 8092 play a significant role. Although the
biogeochemical conditions in the New Caledoniamlclagoon are well documented for
several years (see review by Grenz et al., 20b8)dynamics of CDOM remains poorly
known in this environment. In the framework of ¥ariability of vertical and tropHlIc
transfer of fixed Nin the south wEst Pacific (VAHINE) mesocosm expet, the
objectives of the present study were 1) to as$essgectral characteristics and the variability
of dissolved and particulate chromophoric matetimlsughout a 23-day mesocosm
experiment, and 2) to tentatively identify the mbiageochemical contributors (diazotrophic

and non-diazotrophic primary producers, heterdtiopacteria) driving changes in
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chromophoric material over the course of the expent. Chromophoric parameters we
examined here were absorption coefficients of CD[@j{h)] and particulate mattegf(r) =
ay(L) +anad))], determined over the spectral domain 370-720thespectral slope of
CDOM (&), computed over the range 370-500 nm, as weluasdscent DOM (FDOM)
components, determined from excitation-emissiorriced (EEMs) combined with parallel

factor analysis (PARAFAC).

2. Material and methods

2.1. The mesocosm experiment

Study site and mesocosm description. The VAHINE mesocosm experiment was
conducted from January 13th to February 4th, 261Be South West Pacific at an exit of the
New Caledonian coral lagoon, 28 km off the coadtieiv Caledonia (22°29.073 S -
166°26.905 E) (Fig. 1). At the deployment site weter depth was 25 m and the bottom was
sandy. The site was protected by land from the dantitrade winds (SE sector) and
characterized by high influence of oceanic oligphic waters coming from outside the
lagoon through the Boulari passage (Ouillon et2l10). Three large mesocosms (hereafter
called M1, M2 and M3), of 50 frvolume each, were deployed (Fig. 2). All details
concerning the mesocosm design and deploymenivae mp Bonnet et al. (2015). In brief,
the mesocosms consisted in large cylindrical bagdenof one polyethylene film and one
ethylene vinyl acetate (EVA, 19 %) film, each 508 thick, with nylon meshing in between
to allow maximum resistance and light penetratidrey were 2.3 m in diameter, 15 m in
depth and were equipped with removable sedimeps @dowing collection of sinking
material. The top of the bags were maintained bavea the surface with floats to prevent

inflow of external water. Their straightness wasntaned by weights at the bottom of the
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mesocosms. Before starting sampling, the mesoco&resleft opened from the bottom for
24 h to insure a total homogeneity of the wateucol.

Nutrient fertilization. To prevent phosphate limitation, the mesocosme Wegtilized in
the evening of day 4 with dissolved inorganic phlmsps (DIP) to a final concentration of 0.8
UM (see details of the fertilization procedure ionBet et al., 2015). This phosphate
fertilization aimed at stimulating the diazotropttiaty.

Sampling and in situ measurements. During the 23 days of the experiment, seawater
sampling was performed every morning from a*floating platform at three depths (1, 6
and 12 m) in each mesocosm and in the surroundatgra/close to the mesocosms (“OUT”)
using a compressed air-driven, metal-free pumpilPAise ™) connected to a polyethylene
tubing. Samples were filled into 50-L polypropylezsgboys and immediately transported for
subsampling and sample treatments onboard theARgy/moored 1 nautical mile away from
the mesocosm site. Along with discrete samplingjced profiles of temperature, salinity,
Chlafluorescence, turbidity and light intensity wetdaned daily (at 7 a.m. local time) in
each mesocosm and in the surrounding waters u€id@us conductivity temperature depth
(CTD) profiler (Sea-Bird Electronics, Inc.). Forrapecific parameters, i.e. dissolved and
particulate chromophoric materials, we only sampledmesocosm M1 at 1, 6 and 12 m
depth and the surrounding waters at 1 m depth.

Filtration. Onboard R/\VAlis, samples for CDOM absorption and fluorescence
measurements were immediately filtered under loguuan (< 50 mm Hg) through 0.2 pm
polycarbonate filters (25 mm diameter, Nuclepogha small, pre-combusted (450 °C, 6 h)
glass filtration systems. Prior to sample filtratithe Nuclepore filters were cleaned by first
soaking them for several minutes in 1 M HCI, themlirapure water, and processing them by
filtering through and discarding 300 mL of ultrapwrater and lastly 50 mL of sample. Then,

1 L of sample was filtered and the 0.2 pm filtrasmsferred into pre-combusted Scfiott
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glass bottles for analyses. Powder-free dispoggibiees were worn during sampling,
filtration and analyses to avoid sample contamamatAll absorption coefficient
measurements(A) andag:y(A)] were performed directly onboard (see sectior), 2vhile
samples for fluorescence measurements were stodetCain the dark for several days until
analyses.

The two phases of the experiment. In the results presented below, the 23-day mesocos
experiment was separated into two periods: P1, ftayn5 to day 14, and P2, from day 15 to
day 23. P1 and P2 denote the two phases of theiegre when the diazotrophic community
was dominated by diatom-diazotroph associationsA&Pmore specifically heterocyst-
forming Richelia associated witRRhizosolenia, and unicellular cyanobacteria group C

(UCYN-C), respectively (Berthelot et al., 2015; K#ubo et al., 2015).

2.2. Absorption of CDOM and particulate matter

Measurement. Absorption coefficients of CDOM and CDOM + pariiaie matter
[ag(X) andag:x(1)] were determined by measuring absorption of Gr2filtered and unfiltered
samples using a point-source integrating-cavitygiigon meter (PSICAM) instrument as
described by Rottgers et al. (2007) and RéttgedsCaoerffer (2007). The cavity of the
PSICAM was filled with purified water (Milli-Q watg, air bubbles were removed from the
cavity wall and the central light sphere by gestiaking, and a reference intensity spectrum
was recorded between 370 and 726 nm. Afterwardspleawater was poured into the cavity
in the same way, and a sample intensity spectrusre@orded. The cavity was rinsed and
filled with purified water again, and a second refece intensity spectrum was recorded. The
two reference spectra were used to calculate trem$missions” (sample/reference) and,
further, two absorption coefficient spectra. Theamef these two spectra was taken as the

real absorption coefficient spectrum. The caliloranf the PSICAM consisted of
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determinations of the total cavity reflectivity sp@im by using solutions of the dye nigrosine
(Certistair?, Merck) with maximum absorption between 1 and™3 Absorption spectra were
corrected for salinity and temperature differenoetsveen sample and reference water
according to Réttgers and Doerffer (2007). The nacision of the PSICAM within the
range 370-700 nm is + 0.0008'mwhereas its accuracy here is + 2 %, even forrakisa
values < 0.1 .

Particulate absorption and CDOM spectral slope determination. Absorption
coefficients of particulate mattea,[1)] were determined by subtractiag(}) from ag:,(A)
over the range 370-720 nm. Spectral slopay0f), S (in nm?), was computed by applying a
nonlinear (exponential), leasguares fit to they(1) values between 370 and 500 nm in
accordance with the following formula:

ag(N) = ag(A0) x &=

The fit was conducted on raw (i.e. not{wmgnsformed) data according to the
recommendations by Twardowski et al. (2004). Therage correlation coefficient)(of the
exponential leassquares fits was 1.00 € 72). The spectral range used here for the slope
determination (370-500 nm) was close to that engaldg previous studies for different
oceanic waters (i.e. 350-500 nm) (Babin et al. 2®bttgers and Doerffer, 2007; Bricaud et

al., 2010; Para et al., 2010; Organelli et al., 201

2.3. Fluorescence of DOM

Measurements. FDOM measurements were performed on 0.2-um fdteemples using
a Hitachi F-7000 spectrofluorometer. The correcbbspectra for instrumental response was
conducted from 200 to 600 nm according to the pioerecommended by the manufacturer
(Hitachi F-7000 Instruction Manual) and fully debed in Tedetti et al. (2012). The

excitation (Ex) and emission (Em) correction curwese applied internally by the instrument

10
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to correct each fluorescence measurement acquirgignal over reference ratio mode. The
samples were allowed to reach room temperatuteeinlark and transferred into a 1-cm
pathlength far-UV transparent silica quartz cuvéri®-2600 nm; LEADER LAB). The
sample in the cuvette was kept at 20 °C insiden$ieument using a circulating water bath
connected to the cell holder. The cuvette was eléavith 1 M HCI and ultrapure water, and
triple rinsed with the sample before use. EEMs vgemrerated ovetex between 200 and 500
nm in 5-nm intervals, anktky, between 280 and 550 nm in 2-nm intervals, withbstit
widths on both Ex and Em sides, a scan speed &f A20min’, a time response of 0.5 s and
a PMT voltage of 700 V. Blanks (ultrapure water) @olutions of 0.1 to 10 pug'Lquinine
sulphate dihydrate (Fluka, purum for fluorescenc&).05 M sulphuric acid were run with
each set of samples. Two replicates were run fon sample.

Fluorescence data processing. Different processing steps were carried out on the
fluorescence data: 1) all the fluorescence dat& wermalized to the intensity of the
ultrapure water Raman scatter peakgf\em of 275/303 nm, measured daily as an internal
standard (Coble, 1996). This value varied by 4% R0). 2) The mean, normalized EEM of
ultrapure water was subtracted from normalized $afgMs to eliminate the water Raman
scatter signal. 3) These blank-corrected sample £&bfe converted into quinine sulphate
unit (QSU), where 1 QSU corresponded to the fluzerse of 1 pg t quinine sulphate at
AexfAem Of 350/450 nm (5-nm slit widths) (Coble, 1996; My et al., 2008). The conversion
in QSU was made by dividing each EEM fluorescerata 8y the mean slope of a linear
regression of fluorescenes. concentration for the different quinine sulphsaéutions (i.e.
8.4 arbitrary fluorescence intensity units/QStNalues of these linear regressions were on
average 0.99 and the detection and quantificatioitsl of the fluorescence measurements
were 0.19 and 0.63 QSU, respectively. The waterdRescatter peak was integrated frogm

380 to 426 nm atgx of 350 nm for ultrapure water samples. The medmevaas used to

11
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establish a conversion factor between QSU and RamiaRU, nn), based on the Raman-
area normalized slope of the quinine sulphate tinegression. The conversion factor was
0.025 RU per QSU. Considering the lay(™) values, samples were not corrected for inner

filter effects (Stedmon and Bro, 2008).

2.4. Parallel factor analysis (PARAFAC)

In this work, a PARAFAC model was created anddatkd for 130 calibrated EEMs
according to the method by Stedmon et al. (2008¢. EEM wavelength ranges used were
210-500 and 280-550 nm for Ex and Em, respectieEBMs were merged into a three-
dimensional data array of the form: 130 sample8 X5 % 136Aen. The PARAFAC program
was executed using the DOMFluor toolbox v1.6 (Stexmnd Bro, 2008) running under
MATLAB ® 7.10.0 (R2010a). The full analysis showed thabuitiers were present in the
dataset. The validation of the PARAFAC model (rungnivith the non-negativity constraint)
and the determination of the correct number of comepts (from 2 to 6 components tested)
were achieved through the examination of 1) thegreage of explained variance, 2) the
shape of residuals, 3) the split half analysis@nithe random initialization using the Tucker
Congruence Coefficients (Tedetti et al., 2012). iherescence intensities of each
component found are given in QSU. The fluorescememsities in QSU provided for each

sample is the mean of the two replicates with dfiooent of variance (CV) < 10 %.

2.5. Biogeochemical and biological analyses

Filters for the determination of the TGhtoncentration were collected by filtering 550
mL of sample water onto a GF/F filter (Whatman)eTiiters were directly shock-frozen and
stored in liquid N. TChla was extracted in methanol and measured by fluatryn(iee

Bouteiller et al., 1992). The precision of the meament was + 0.005 ug'L
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For the determination of phycoerythrin concentratwater samples (3-4 L) were
filtered onto 0.4-um Nucleopore polycarbonate fdtand immediately frozen in liquidaN
until analysis. Phycoerythrin was extracted inraldglycerol-phosphate mixture (50/50)
according to Neveux et al. (2009) after vigorousksaig for resuspension of particles
(Wyman, 1992), and then quantified by fluorometsing a Perkin Elmer LS55
spectrofluorometeng,: 450-580 nm atem of 605 nm) (Lantoine and Neveux, 1997). The
measurement precision was ~ 16 %.

Pico- and nano-phytoplankton abundances were zetlyy flow cytometry. Samples
(1.8 mL) were collected from the mesocosm everyday 1, 6 and 12 m depth in cryotubes,
fixed with 200 uL of paraformaldehyde (4 % finahcentration), left 15 min at ambient
temperature, flash frozen in liquid: ldnd stored at -80 °C until analysis on a FACSQalib
(BD Biosciences) flow cytometer as described iniblat al. (1999). Before analysis, samples
were thawed at ambient temperature in the dark p@06f each sample were mixed and
homogenized with 25 pL of TrueCount beads and 10f@ um diameter beads
(Fluoresbryté”, Polysciences) used as a reference for size dis@tion between pico- and
nano-phytoplankton. Phytoplankton communities vedustered a®rochlorococcus spp. cell
like, Synechococcus spp. cell like, nanoeukaryotes cell like and pidayotes cell like
according to their optical properties (light scagtband fluorescence emission by the cells)
(Marie et al., 1999).

For the determination of microphytoplankton comimtyioomposition (diatoms), water
samples (250 mL) were taken every day by pumpimgpraserved with formalin. In the
laboratory, samples were sedimented and microplan&mn species were identified and
enumerated under inverted microscope.

Bacterial production (BP) was estimated using’téeucine incorporation technique

(Kirchman et al., 1985), adapted to the centrifiggatethod (Smith and Azam, 1992).
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Radioactivity was counted using a Liquid Scintithat Analyzer Packard 2100 TR and e
counting efficiency was corrected for quenching.vi2 calculated from leucine
incorporation rates using the conversion factat.6fkg C mof leucine, and is shown here in
ng C L*h™.

Samples for total organic carbon (TOC) concerdratiwere collected in duplicate in
precombusted (4 h, 450 °C), 12-mL sealed glassflask, acidified with orthophosphoric
acid and stored in dark at 4 °C until analysis. flaswere analyzed by using a TOC-5000
total carbon analyzer (Sohrin and Sempére, 200%).average TOC concentrations in the
Deep Atlantic Water and low carbon water referestaadards were 45 + 2 uM €= 24 and
1+ 0.3 uM Ch = 24, respectively. The analytical precision @& grocedure was 2 %.

Dissolved organic nitrogen (DON) concentrationsenealculated from total nitrogen
(TN) concentrations subtracted by particulate oigaiirogen (PON) and dissolved inorganic
nitrogen (DIN) concentrations. Samples were codlédh 50 mL glass bottles and stored at
-20 °C until analysis. The samples were dividedia parts after a rapid thaw for analysis of
both organic and inorganic concentrations. TN catraéion was determined according to the
wet oxidation procedure described in Pujo-Pay aaitnBault (1994). Samples for PON
concentrations were collected by filtering 1 L adter on GF/F filters and analyzed according
to the wet oxidation protocol (Pujo-Pay and Rainihdi994) with a precision of 0.06 uM.
DIN concentration was determined according to Arhanad Kérouel (2007). Measurements
were conducted using a segmented flow auto-ana{psgoAnalyzer AA3 HR, SEAL

Analytical).

2.6. Statistics
Linear regression analyses and one-way analyseariaince (ANOVA) were

performed with StatView 5.0 and the statistics paekprovided in Microsoft Excel 11.0.
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ANOVA was used to compare the means of indeperahatgroups (normally distributed).

For the different analyses and tests, the sigmiieghreshold was setak 0.05.

3. Results

3.1. Evolution of the core parameters in the mesocosm

The detailed description of temperature, saliaitg nutrient concentrations in the three
mesocosms is provided in Bonnet et al. (2015).fBrievater temperature progressively
increased inside and outside the mesocosms frofnt@26.2 °C over the course of the 23-
day experiment. Salinity also progressively incegbfsom 35.1 to 35.5 but this increase was
less pronounced in the surrounding waters witmigas of 35.4 at day 23. Temperature and
salinity were homogeneous over depth in the mesosothe water column having been well
mixed throughout the experiment. In the mesocoswer,age concentrations of NG NO,
were < 0.04M before the DIP fertilization (day 4) and decrehg®e0.01uM at the end of
the experiment. In contrast, NHconcentrations were ~ 0.0M up to day 18, and then
increased up to 0.06M at day 23. DIP concentrations increased from-Q.0%uM before
the fertilization to 0.8M just after, and decreased gradually over timestorn to their initial
concentrations at day 23 (0.02-0409). In the surrounding waters, NOemained < 0.20
uM and DIP was 0.0aM all over the experiment (Berthelot et al., 20B5nnet et al., 2015).

For all the parameters described below, inclu@igpdM and FDOM data, no
significant difference was found with depth, exceptTChla and PON whose
concentrations were higher at 12 m depth thaneaidl6 m depths (ANOVA) = 20-22p =
0.003-0.04). Therefore, in the following paragraghe parameter descriptors are generally

given in term of depth-averaged values.
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375 3.2. Evolution of phytoplankton biomass, bacterial production and organic
376 N and C pools in the mesocosm

377 TChla, PON concentrations and BP in the mesocosm M1lratttei surrounding waters
378  (OUT) generally increased throughout the experimeith a decrease from day 4 to day 9
379 and then an increase from day 9 to the end ofxperament (Fig. 3a,d,f). This increase was
380 more pronounced in M1, where TGhHIPON concentrations and BP varying from 0.12 to
381 0.55 ug [} 0.65t0 1.31 pM and 85 to 681 ng C k™, respectively. TChé, PON

382  concentrations and BP were significantly higherdesvi1l during P2 (day 15 to day 23) than
383 inside M1 during P1 (day 5 to day 14), and tharsidgtduring P1 and P2 (ANOVA,= 25-
384 30,p<0.0001-0.004) (Table 1). Phycoerythrin concditnadecreased from day 4 (0.36 ug
385 L) today9 (0.05 ugt), increased towards day 16 (0.34 it nd then oscillated to

386  return to the value of 0.34 pg'lat day 23 (Fig. 3b). In contrast, in OUT, phycdkerin

387 concentration increased from day 9 to the end@gttperiment, showing a strong raise at day
388 21 (0.85 ug IY). Thus, during P2, phycoerythrin concentration sigsificantly higher

389 outside M1 than inside (ANOVA) = 9,p = 0.004) (Table 1). The TOC concentration

390 decreased from day 4 (70 uM) to day 11 (64 uM)ianckased from day 11 to day 22 (81
391 pM) (Fig. 3c). This increase in the second pathefexperiment was not observed in OUT.
392  Although the TOC concentration was significantlgher during P2 than during P1 in M1
393  (ANOVA, n=9,p =0.03), there was no difference between M1 and @uring P2

394 (ANOVA, n=7-9,p=0.2) (Table 1). The DON concentration was ratieerstant and only
395 tended to decrease during P2 (Fig. 3e). No sigmifidifference in DON concentrations was
396 found between M1 and OUT (ANOVA,= 22-29,p = 0.07-0.7) (Table 1).

397 The abundance of diazotrophs DDAs inside M1 ireeddrom day 3 (77 x $@ifH

398  copies 1) to day 9 (190 x 1nifH copies %), decreased from day 9 to day 15 (5.4 % 10

399 nifH copies [*) and finally increased from day 15 to day 23 (7B0%nifH copies [%). In
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OUT a quite similar pattern was observed despitigla value of 450 x TnifH copies L[* at
day 18 (Fig. 4a). No significant difference in tdmundance of DDAs was observed in M1
between P1 and P2, and between M1 and OUT (ANOQMA3-6,p = 0.05-0.8) (Table 1). On
the other hand, the abundance of diazotrophic Gt@@N-C strongly increased from day 9
(0.54 x 18 nifH copies %) to day 23 (110 x TifH copies %) in M1, while it increased
much more slowly in OUT from day 10 (0.32 x*10fH copies L) to day 22 (4.8 x TnifH
copies %) (Fig. 4b). Hence, the abundance of UCYN-C washrhigher in M1 during P2
than in M1 during P1 (14 times higher) and tha®WT during P1 and P2 (22-53 times
higher) (ANOVA,n = 3-6,p < 0.0001) (Table 1). It should be noticed thatdbandances of
DDAs and UCYN-C are reported B8H (gene) copies Lrather than cells t because there
is currently little information about the numbermiffiH copies per genome in these diazotroph
targets (Turk-Kubo et al., 2015). Total diatom#/h decreased from day 2 (47 x*x@ll L)
to day 9 (6 x 1dcell L") and then oscillated to reach 41 ¥ tell L™ at the end of the
experiment, with a maximum value of 120 * t@ll L™ at day 15 (Fig. 4c). This was
essentially due to the large diat@wlindrotheca closterium (data not shown). No difference
in abundance of total diatoms was observed betwéesnd P2 (ANOVAn =5,p = 0.2).

The abundances &nechococcus spp.,Prochlorococcus spp., picoeukaryotes and
nanoeukaryotes decreased from day 4 (~ 43, 1&2iD.9 x 18cell mL?, respectively) to
day 9 (~ 18, 5, 0.8 and 0.6 x*1kll mL™, respectively) (Fig. 4d-g). From day 9 to the efid
the experiment, the abundanceSghechococcus spp. and picoeukaryotes noticeably
increased to reach ~ 90 and 3.4 % d€ll mL* at day 23 respectively, whereas the increase in
Prochlorococcus spp. and nanoeukaryotes was much less (to ~ 20.8nd 16 cell mL™ at
day 23, respectively). The abundanc&gfechococcus spp., picoeukaryotes and

nanoeukaryotes was significantly higher in P2 timaRl (ANOVA,n = 23-24,p < 0.0001-
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0.002), while that oProchlorococcus spp. was not different (ANOVA) = 23-24,p = 0.07)

(Table 1).

3.3. Absorption spectra of CDOM and particulate matter

CDOM absorption spectra of samples collected inavid OUT were quite similar,
displaying an exponential decreaseg(\.) without any significant shoulder (Fig. Z)(})
spectra, which reflect the absorption by both ppigokton and NAP, were characterized by
two main Chla peaks, one between 432 and 442 nm (at 436 nmeyage) and one between
672 and 682 nm (at 676 nm on average), while skskboallders also emerged at 376, 416,
464, 490 and 550 nm (Fig. 5). Hereaftg(}) is presented at 370 and 442 nm, whj@.) is
given at 442 and 676 nm, the two latter wavelengthieesponding to the absorption maxima

of Chla.

3.4. Evolution of absorption coefficients, spectral slope in the mesocosm

In M1, absorption coefficients decreased from dag day 9 and then increased from
day 9 to the end of the experiment (day 23), leattinvariations in the ranges 0.041-0.067 m
! for a4(370), 0.011-0.020 thfor ay(442), 0.009-0.025 thfor a,(442) and 0.003-0.012 M
for ap(676) (Fig. 6a,b,d,e). In OUT, these parameters ialsreased from day 9 or 10 to day
23 but with lower amplitude. Inside M1, all thedmsarption coefficients were significantly
higher during P2 than during P1 (ANOVA= 27-30,p < 0.0001). However, onlg,(370)
anday(442) were significantly higher in M1 than outsdigring P2 (ANOVA,n = 9-27,p =
0.004-0.02) (Table 1), inside and outside M1, ranging from 0.0148 to 8®ani*, did not

display any clear pattern throughout the experinfeigt. 6¢).

3.5. Spectral characteristics and identification of FDOM components
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Three FDOM components (C1-C3) were identifiedisyy PARAFAC model validated
on 130 EEM samples from M1 and OUT. The spectratatteristics of C1-C3 are reported
in Fig. 7. These components exhibited one or twartaxima and one Em maximum. C1,
with a maximum akg/Aem 0f 230/476 nm, corresponded to the category of W@ic-like
fluorophores, referred to as peak A (Coble, 199872 Ishii and Boyer, 2012). C2 and C3
had two maxima each, located\ats, Aexo/hem Of 225, 280/344 nm and 225, 275/304 nm,
respectively (Fig. 7). They belonged to the grotiprotein-like fluorophores, C2 being
analogous to tryptophan-like fluorophore (peaksiig C3 being analogous to tyrosine-like

fluorophore (peaks B) (Coble, 1996; 2007).

3.6. Evolution of FDOM components in the mesocosm M1

Inside M1, the fluorescence intensity of humicelikuorophore decreased from day 2 (~
5.3 QSU) to day 8 (~ 2.7 QSU), increased from day @&y 14 (~ 4.8 QSU) and dropped
down to ~ 2.5 QSU at day 15. Then, it increase@ach ~ 5.6 QSU at day 20 (Fig. 8a). The
fluorescence intensity of tryptophan-like fluoropbaecreased from day 3 (~ 9.1 QSU) to
day 8 (~ 5.3 QSU) (Fig. 8b). At day 9, it increasgdto ~ 8.3 QSU and remained relatively
stable up to day 14 (~ 8.4 QSU). After a reductibday 15 (~ 5.9 QSU), the fluorescence
intensity increased up to the end of the experinrerdiD.4 QSU at day 20). The fluorescence
intensity of tyrosine-like fluorophore decreaseahirday 5 (~ 8.2 QSU) to day 15 (~ 3.9
QSU) and then slowly increased to day 20 (~ 6.2 J&lg. 8c). While for humic- and
tryptophan-like fluorophores no differences in tHkiorescence intensity were observed
between P1 and P2 (ANOVA,= 18-30,p = 0.4-0.9), the fluorescence intensity of tyrosine
like fluorophore was significantly lower during BRNOVA, n =18-28,p = 0.002) (Table 1).

Overall, the FDOM pool was dominated by proteirelikaterial: the combined fluorescence
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473  of tryptophan and tyrosine fluorophores ranged ffbinto 22.3 QSU, while the fluorescence
474  of humic fluorophore ranged from 1.9 to 6.2 QSU.

475

476 3.7. Relationships between the chromophoric and the

477  biogeochemical/biological parameters

478 Table 2 presentsvalues of linear regressions between the chrommaphad the

479  biogeochemical/biological parameters for the samptdlected in M1 from day 5 to day 20.
480 Here we consider that only the correlations thatvary highly significantg < 0.0001) reflect
481  relevant linear relationshipag(370, 442) andy(442, 676) were not that much correlated to
482  each otherr(= 0.52-0.62n = 36,p < 0.0001-0.002)S, was not correlated tay(370, 442) ( =
483  0.15-0.22n = 36,p = 0.06-0.9). Even though humic- and tryptophae-fikiorophores were
484  very highly correlatedr(= 0.67,n = 36,p < 0.0001), they did not show any coupling with
485  tyrosine-like fluorophorer(= 0.20-0.48n = 36,p = 0.005-0.2). Moreover, none of these three
486  fluorophores was very highly correlated to the apson coefficients and spectral slope(
487  0.09-0.42n = 36,p > 0.5-0.05) (Table 2). These correlations empleatsie decoupling

488  between the CDOM and FDOM materials during the expant.

489 All absorption coefficients were very highly pasdly correlated tdynechococcus spp.
490 abundancer(= 0.76-0.83), BPr(= 0.72-0.78), TCh& concentrationr(= 0.60-0.88), PON

491  concentrationr(= 0.58-0.75) and picoeukaryote abundamce §.52-0.71) 1 = 36,p <

492  0.0001). Linear relationships betwem(370) ora,(442) andSynechococcus spp. abundance
493  are presented in Fig. § as well as the three FDOM fluorophores did nosene¢ any highly
494  significant correlation with the biogeochemicallbgical constituents. Phycoerythrin, TOC,
495 DDAs, UCYN-C and total diatoms did not display argyy highly significant correlations
496  with the chromophoric parameters although somaues were quite high [for instance 0.90

497  between UCYN-C and,(442)]. This is because these correlations wereraened for a
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lower number of samples (8-15). Nonetheless, atimivery highly significant, these
relationships highlighted interesting trends suglpasitive (negative) relationships between
absorption coefficients (tyrosine-like fluorophoesjd UCYN-C abundance, and negative
(positive) relationships between absorption cogffits (tyrosine-like fluorophore) and DDA

abundance (Table 2).

4. Discussion

4.1. General characteristics of chromophoric material

CDOM absorption. CDOM absorption spectra from samples inside ansidelthe
mesocosm did not display any significant shouldeghe range 370-720 nm (Fig. 5). In the
same way, using the PSICAM, Rottgers and Koch (R@inot observe any specific feature
in the CDOM absorption spectra from 380 to 700 rirsamples collected in the surface
waters of the tropical Atlantic Ocean and of thetNdast and South West Pacific, including
our study area inside the barrier reef of New Cahéal

ayg(370) andag(442)measured inside and outside the mesocosm (0.086-artd 0.011-
0.022 n, respectively; Fig. 6a,b) were within the rangehmise measured in surface waters
of the Atlantic Ocean and at 80-200 m depth inSbath West Pacific (offshore of New
Caledonia) (0.021-0.118 and 0.004-0.039 nespectively) (Réttgers and Doerffer, 2007;
Rottgers and Koch, 2012; Dupouy et al., 2014).dditzon, our g(370) and g442) values
were slightly lower than those measured in therspiital North Pacific and the
Mediterranean Sea (0.050-0.090 and 0.018-0.035respectively) (Yamashita et al., 2013;
Organelli et al., 2014) but higher than those olesgin the center of the gyre of the South

East Pacific (> 0.010-0.035 and 0.005-0.015 nespectively) (Bricaud et al., 2010).
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Our § values determined over the range 370-500 nm vaegdeen 0.015 and 0.019
nm* inside and outside the mesocosm (Fig. 6c). They teesome extent lower th&y
values determined between 350 and 500 nm of suwaters of the Mediterranean Sea,
Atlantic Ocean and South East Pacific (0.015-0.0®8) (Réttgers and Doerffer, 2007;
Bricaud et al., 2010; Para et al., 2010; Orgameldl., 2014). In fact, ok, values did not
reach the maximal values encountered in oligotmphgas (0.020-0.025 rthdespite the
potentially important CDOM photobleaching processbgh would have occurred in the
surface waters of the mesocosm. This is explaigdtdodifferent spectral ranges used for the
S determination (370-500 nms 350-500 nm). Indeed,, which strongly depends on the
chosen wavelength interval, is generally higheiriggrvals in the short wavelengths (Nelson
and Siegel, 2013; Sempére et al., 2015), and dpresent a constant spectral slope but rather
steeper slopes towards the short UV wavelengthdeflieet al., 2007; Sempére et al., 2015).
Hence, this difference of 20 nm in the wavelengtenval may influence th&, values, the
latter decreasing when considering the range 3T0aB@ It is worth noting that no
correlation was found betweeag(370) orag(442) andS; (Table 2). This was probably
attributable to the low ranges and the low valudsoth ag(A) andS; reported here.

FDOM. The three FDOM components identified in this wadee UVC humic-,
tryptophan- and tyrosine-like fluorophores (Fig. Thus, FDOM was dominated by protein-
like material, i.e. compounds containing nitrogehjle humic-like material was less
represented. Of these protein-like compounds, aptdn- and tyrosine-like fluorophores
have been reported in many aquatic ecosystemsegiesvs by Coble, 2007; Fellman et al.,
2010). They represent compounds of low moleculaghtet the state of free amino acids or
amino acids bound in peptides or proteins. Theykaosvn to be released by autochthonous
(marine) phytoplankton activity and serve as frast labile bioavailable products for

heterotrophic bacteria (Yamashita and Tanoue, 2R@p-Cid et al., 2006; Davis and
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Benner, 2007; Romera-Castillo et al., 2010; Tedstsl., 2012). Moreover, they can be
directly associated to humic substances (StedmdrCany, 2014). Generally, they do not
show any conservative behaviour in the salinitydgmat (Kowalczuk et al., 2009). UVC
humic-like fluorophore (“peak A”) corresponds tonggonent 1 Xex/Aem: < 230-260/400-500
nm) in the review paper by Ishii and Boyer (2012) & one of the most widespread humic-
like components in the aquatic environment (Kowakcet al., 2009; 2013). This fluorophore,
which absorbs light at very short wavelengths (280 and fluoresce in long visible
wavelengths (476 nm) resulting in a high Stoke# §246 nm), would be of relatively low
molecular weight (< 1 kDa) compared to other flsoent humic-like materials (Ishii and
Boyer, 2012). Present in higher quantities in thetjg zone and shallow surface waters, this
humic-like component is recognized as a photodegi@u product of marine organic matter
(Yamashita et al., 2008; Ishii and Boyer, 2012) appears to be resistant to biodegradation
(Balcarczyk et al., 2009; Fellman et al., 2010; heny et al., 2015).

Particulate absorption. Particulate absorption coefficient spectra were idated by
phytoplankton absorptiof()] with the presence of the two main peaks of £dt 436 and
672 nm), whereas the influence of detrital matghsAP), characterized by an exponential
decrease of absorption with wavelength, was ndiyreaible upon these spectra (Fig. 5).
Besides these two main peaks, several shouldeesfaend between 376 and 550 nm.
Actually, the shoulders at 376 and 416 nm mightdieted to Chh (Stuart et al., 1998;
Lohrenz et al., 2003). The shoulders at 464 and®0@eflected the occurrence of
photosynthetic carotenoids and/or non photosyrtl{ptiotoprotective) carotenoids (Dupouy
et al., 1997; 2003; Stuart et al., 1998; Wozniaklt1999; Lohrenz et al., 2003; Bricaud et
al., 2004). In addition, the shoulder at 490 nm rnayelated to the presence of phycourobilin
(PUB). PUB, which absorbs light around 490 nm,rieWn to be contained in phycoerythrin

of cyanobacteria, such &nechococcus spp., living in the open ocean. PUB is indeed
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considered as a chromatic adaptation to blue iadiathich penetrates deeper than other
wavelengths in the water column (Neveux et al..9)98lIso, the small shoulder at 550 nm
could be the sign of phycoerythrobilin (PEB), atemtained in phycoerythrin. PEB,
absorbing light around 550-565 nm, is present gihé&i amount irBynechococcus spp. of
coastal environments (Neveux et al., 1999). Prooedishoulders or peaks at 550 nm are
observed only for exception&ynechococcus spp. concentrations (> 3 x1€ell mLY) with
TChla>1 pg L* (Morel, 1997) or more commonly for large filamemacyanobacteria in
tropical waters (Dupouy et al., 2008). An attriloatiof the shoulders at 490 and 550 nm to
PUB and PEB, respectively appears reasonable riegdit fact that PUB and PEB signals
were detected in the phycoerythrin fluorescencesoreanents (M. Rodier, pers. comm.).
Such a proportion d®rochlorococcus spp. andSynechococcus spp. counts reported in this
work are typical of the New Caledonia lagoon (Nevetial., 2009) compared to the
equatorial upwelling area where this is inversedg@uy et al., 2003).

Absorption coefficients of particulate matter 424and 676 nmg},(442) anda,(676)]
measured inside and outside the mesocosm at thefélke New Caledonian coral lagoon
(0.006-0.031 and 0.0013-0.013"ntespectively; Fig. 6d,e) were slightly lower titanse
measured with the same instrument in the surfatcersvavithin the New Caledonian lagoon
(0.008-0.040 and 0.0030-0.018"ntespectively) (Réttgers et al., 2014; Dupouylet214),
the latter values being linked to an exceptionataase in total phytoplankton biomass during
the 2008 Valhybio cruise in response ticeaNina heavy rain episode (Dupouy et al., 2009;

Fuchs et al., 2012).

4.2. Coupling between the dynamics of chromophoric material and that of

N fixation in the mesocosm
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596 Link between absorption and Synechococcus spp. Several observations suggest the
597 observed change in particulate matter absorptg(i)] during the experiment was mainly
598  driven bySynechococcus spp. Several observations may support this hygahEirstly,

599  Synechococcus spp. was the most abundant group among (non-dagetot) pico-, nano- and
600  micro-phytoplankton communities in the mesocosny.(&c-g). For instance, the

601  concentration ofynechococcus spp. (88 + 14 x 10cell mL* in P2) was higher by a factor ~
602 1000 relative to that of total diatoms (44 + 37(% gell L in P2) (Table 1)Synechococcus
603  spp. abundance cannot in first approach be compardse of diazotrophs (givenmifH

604  copies [*). However, assuming that there was a minimum efrifitd gene copy per cell, the
605 number ofnifH (gene) copies t may reflect the upper limit of the number of c&ll§ though
606 DNA and RNA extractions were probably < 100% (Fosteal., 2009). In this sense, the
607 concentration oSynechococcus spp. was higher by a factor ~ 1000 relative to ¢tidJCY N-
608 C (64 + 24 x 18nifH copies L}, given a maximum &4 + 24 x 18 cell Lt in P2) (Table 1).
609  Thus, we conclude th&nechococcus spp. was very likely the most important group agion
610 non-diazotrophic and diazotrophic communities i ilesocosm. SecondIgynechococcus
611  spp. is known to have significant absorption prapsrin the visible domain, highlighted in
612  culture experiments (Bidigare et al., 1989; Motehle 1993; Stramski and Mobley, 1997;
613  Lutz et al., 2001) but also in natural samples @1at997). Absorption properties of

614  Synechococcus spp. have been compared to thosBrathlorococcus spp. and

615 nanoplanktonic diatoms. The efficiency factor fosarption (given for a cell), which depends
616 on both the size and the internal pigment concBairawvas on average two times higher for
617  Prochlorococcus spp. and three times higher for nanoplanktonitodia than for

618  Synechococcus spp. over the visible domain (Morel et al., 1988amski and Mobley, 1997).
619  Considering than the number of cellsSphechococcus spp. was on average 6 times higher

620 than that ofProchlorococcus spp. and ~ 1000 times higher than that of totatiosns during
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P2, we may put forward th&mnechococcus spp was the main contributor to visible
absorption in the mesocosm. Finaly(442) anda,(676) showed the highest positive
correlation withSynechococcus spp. abundance (Table 2; Fig. 9) with a very singlvolution
during P1 and P2 (Fig. 4d, 6d,e).

The absorption of CDOM also presented the higfpextitive) coupling with
Synechococcus spp. abundance and BP (Fig. 3f, 4d, 6a,b; Tabfeg2;9), thereby suggesting
CDOM was produced by heterotrophic bacteria frogirtassimilation of labile organic
compounds released Bynechococcus spp. Indeed, the latter has been shown to release
DOM (Bronk, 1999; Becker et al., 2014) that maydivectly used to support heterotrophic
activity (Nagata, 2000; Lefort and Gasol, 2014)e3dé (non-colored) labile organic substrates
issued fromSynechococcus spp. would be converted into chromophoric, mofeaotory
compounds by heterotrophic bacteria (Nelson efl8B8; Rochelle-Newall and Fisher, 2002;
Nelson and Siegel, 2013). Currently, the coupliatpeen phytoplankton and heterotrophic
bacteria seems to be recognized as a major pattow#tye formation of CDOM in the ocean
(Rochelle-Newall and Fisher, 2002; Nelson and 3j&§4 3; Organelli et al., 2014).
Interestingly, Biers et al. (2007) highlighted tiode of DON, specifically amino sugars and
aromatic amino acids, in the microbial productié!lC®OM and FDOM while Bronk et al.
(1999) reported the production of DON 8ynechococcus spp. Consequently, the works by
Biers et al. (2007) and Bronk et al. (1999) suppogtassumption of the CDOM production
by heterotrophic bacteria consecutive to theiraailon of labile DOM (that would be in part
in the form of DON) released [8§ynechococcus spp. cyanobacteria. CDOM could be also
produced directly fron®ynechococcus spp., as mentioned by Romera-Castillo et al. (2011
Also, we cannot exclude the participation of othemary producers, such as diatoms, to the
CDOM production through a direct release of colareterial (Romera-Castillo et al., 2010;

Chari et al., 2013) or through the bacterial rekirgg. For example, from culture
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experiments, Chari et al. (2013) reported the pctda of CDOM byCylindrotheca
closterium, one of the most important diatom species in teeonosm. Regarding the
respective abundances®nechococcus spp. and diatoms and their evolution all over the
experiment, it seems however tiSghechococcus spp. was a greater contributor to CDOM
than diatoms. Consequently, even though it seeffisulli here to discriminate the respective
contributions of cyanobacterial primary producé&gméchococcus spp.) and heterotrophic
bacteria in the production of CDOM, unambiguously toupling between both plays a key
role in the absorption of particulate and dissolgecbmophoric material in the mesocosm.
Link between absorption, Synechococcus spp. and N fixation. During the first part of
the experiment (P1), the diazotrophic community d@asinated by diatoms-diazotrophs
associations (DDAs) (Fig. 4a), more specificallyenecyst-formingRichelia associated with
Rhizosolenia (Turk-Kubo et al., 2015). The decrease observaihytoplankton biomass
(including diatomsgynechococcus spp.,Prochlorococcus spp., pico- and nano-eukaryotes),
BP and organic C/N pools from day 4 to day 9-13.(Ba-d,f; Fig. 4c-g) was attributable to a
N limitation. In fact, during the first days, phplankton would have consumed the small
stock of nitrates remaining in the water columnhwiit new inputs. In addition, DDAs would
not have been a significant source of N for its@unding environment becauBehelia
would have given the major part of the N that thag fixed to their host diatoms (Berthelot
et al., 2015). This decreaseSynechococcus spp. and BP led to the decrease in CDOM and
particulate matter absorption (Fig. 6a,b,d,e). BgiP1, the total amount of N issued from the
N> fixation was equivalent to the total amount of P&ported, suggesting there is a rapid
and possibly direct export of the recently fixegldly DDAs (Berthelot et al., 2015). In the
second part of the experiment (P2), unicellulamoyeacteria Group C (UCYN-C) became the
dominant diazotrophs (Fig. 4b). The UCYN-C bloomswaduced by the phosphate

fertilization and increasing temperatures (Turk-Kw al., 2015). Consequently; fikation
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rates were higher during P2 than during P1 (Beottedlal., 2015). From these authors, the N
released by UCYN-C (in the form of DON and/or NHallowed for supporting non-
diazotrophic cyanobacterial and heterotrophic badtgrowths. This would have in turn
stimulated the production of dissolved and paréiteichromophoric materials [increase in
TChla, PON, TOC, BPSynechococcus spp.,a4(370, 442) an@,(442, 676) from day 9-11 to
day 21-23; Fig. 3a,c,d,f; Fig. 4d; Fig. 6a,b,dJd¢je enhancement &nechococcus spp.via

the release of N by diazotrophs has been alreadgraoored by Agawin et al. (2007). This N
release could also explain the strong increasetomis (mainlyCylindrotheca closterium) at
day 15 (Fig. 4c). In P2, bothyNixation and DON consumption were significant Nusmes

for primary production and might explain the PONquction (Berthelot et al., 2015). It is
worth noting that a perfect temporal synchronizatiecurred between the variations of
Synechococcus spp./BP and the variations of CDOM and particuhatgter absorption. This
implies rapidity in the production mechanisms @& thhromophoric material inside the
mesocosm. The variations &f (Fig. 6¢) [no correlation witly(370, 442); Table 2]
suggested that CDOM absorption was not only infteeinby production processes but was
also probably affected by photo- and microbial-déelgtion processes. It is very likely that
these degradation processes were not intense etmeghnterbalance the production of
CDOM by the couplé&ynechococcus spp./heterotrophic bacteria.

Absorption budget. Also, the contribution of CDOMag) to the total absorptiorag.p)
remained high in the UV domain (370 nm), rangiragfr72 to 96 %, while it decreased from
the beginning (50-66 %) to the end of the experinté®-48 %) in the visible domain (442
nm). These percentages in the UV and visible dosnaie in line with those reported in the
literature for the open ocean (Siegel et al., 2@0B5; Tedetti et al., 2010), the higher

contribution of particulate material in the absarptbudget at 442 nm during the second part
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of the experiment being explained by the bloomyainobacterial primary producers
(Synechococcus spp.).

FDOM decoupling. FDOM did neither follow the evolution of CDOM ndre
evolution of heterotrophic bacteria aBghechococcus spp. (Fig. 8; Table 2). The evolution of
tyrosine-like fluorophore, whose fluorescence istgnwas higher in P1 than in P2 (Table 1),
tended to be close to that of DDAs (Fig. 4a, 8d)lé&). Therefore, we may hypothesize a
role of these diatoms-diazotrophs associationsarptoduction of the tyrosine-like material.
The tyrosine-like fluorophore released by phytogtan could then be consumed by
heterotrophic bacteria as labile substrates. UVRAibtlike fluorophore displayed an
evolution close to that of tryptophan material witlo important decreases at days 7-8 and
15. This observation supports the hypothesis bgirSt& and Cory (2014) of an association
between humic substances and tryptophan fluoroph@eawater. This revealed that the
humic-like component was also subjected to produgétiegradation processes in the
mesocosm that cannot be precisely identified hire.fact that CDOM which absorbs light
at 370 nm was not fluorescent (no fluorophores &ittpeak at 370 nm) strengthened the
assumption thatyé870) and the three fluorophores represented intkgre chromophoric
materials that were driven by different processéso, these fluorophores could be not major
components of the CDOM. Consequently, they woukb#di but not strongly enough to
significantly affect the CDOM variability. Tryptopin- and tyrosine-like fluorophores
belonged to the DON pool. Nonetheless, they shadiféelent patterns in the mesocosm:
while DON decreased during P2 (both the DON congiom@nd the Nfixation supported
the PON production during P2; Berthelot et al.,201he two fluorophores tended to
increase. This suggested that tryptophan- andihgdie materials were probably not

involved in the PON production.
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5. Conclusion

Studies dealing with the CDOM dynamics in the feaofi mesocosm experiments
remain limited so far and have been conducted yaraloastal-temperate or polar
ecosystems (Rochelle-Newall et al., 1999; 2004|d?aet al., 2014). This work highlights the
spectral characteristics and the variability ofdigsed and particulate chromophoric materials
throughout a 23-day mesocosm experiment in a tabpatigotrophic LNLC ecosystem in
which N, fixers and picophytoplankton play an essentia.réllthough CDOM did not
display any specific shoulders in its absorptioectfa, those of particulate chromophoric
material were dominated by Calfingerprint with small signatures of carotenoids,
phycourobilin and phycoerythrobilin, which could teated tdSynechococcus spp., the most
abundant cyanobacterial group in the mesocosmdyhamics of CDOM and particulate
matter were strongly coupled with thoseSgiiechococcus spp. and bacterial production.
Indeed, in the second part of the experiment, thel®dased in the surrounding environment,
very likely by UCYN-C diazotrophs, allowed for suggfing cyanobacterial and heterotrophic
bacterial growths and subsequently stimulatingptfoeluction of dissolved and particulate
chromophoric materials. The increase in phytoplamktiomass during the second part of the
experiment led to a higher contribution of partatelmaterial in the absorption budget at 442
nm. FDOM, composed by (N-containing) protein-likeofophores and UVC humic-like
(photoproduct) fluorophore, did not follow the ewtobn of CDOM and particulate matter,
and was thus subjected to different production/aggpion processes in the mesocosm.
Finally, this study strongly supports the ideawifradirect link between the dynamics of the

N fixation and that of chromophoric material in theuth West Pacific.
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Figure captions

Figure 1. Location of the site of the VAHINE mesocosm expemt at the exit of the New
Caledonian coral lagoon, 28 km off the coast of Neadedonia, in the South West Pacific
(Ocean Data View software version 4.6.5, Schlit®er http://odv.awi.de, 2014, and Google

Earth).

Figure 2. Pictures of the VAHINE mesocosms deployed at #iead the New Caledonian

coral lagoon.

Figure 3. Evolution of a) total chlorophyk (TChla) and b) phycoerythrin concentrations
(kg LY, c) total organic carbon (TOC), d) particulatgaic nitrogen (PON) and e)

dissolved organic nitrogen (DON) concentrations jjakid f) bacterial production (BP) (ng C
L™* h!) in the mesocosm M1 and in the surrounding wgt@tsT) at 1, 6 and 12 m depths
(except phycoerythrin and TOC concentrations, datexd only at 6 m depth) over the course
of the 23-day experiment. Dots are mean values stihdard deviation from duplicate
measurements, except for phycoerythrin. For T&;standard deviations are comprised
within dots. Black line represents the depth-avedagplues. P1: first part of the experiment,

from day 5 to day 14; P2: second part of the expeni, from day 15 to day 23.

Figure 4. Evolution of the abundance of a) diatoms-diazdisoassociations (DDAs) and b)
unicellular diazotrophic cyanobacteria Group C (MGE€) (x 10 nifH copies L) in the
mesocosm M1 and in the surrounding waters (OUT),Griotal diatoms (x Tocell LY, d)
Synechoccocus spp., e)Prochloroccocus spp., f) picoeukaryotes and g) nanoeukaryote©{x 1

cell mLY) in the mesocosm M1 only, over the course of hel@y experiment.
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Synechoccocus spp.,Prochloroccocus spp., picoeukaryotes and nanoeukaryotes were
determined at 1, 6 and 12 m depths, while DDAs, NE&Y and total diatoms were

determined solely at 6 m depth. For DDAs and UCYN}@ls are mean values with standard
deviation from duplicate measurements. Black le@esents the depth-averaged values. P1:
first part of the experiment, from day 5 to day P2; second part of the experiment, from day
15 to day 23. Detailed data about diazotrophs (DBA¢ UCYN-C) are found in Turk-Kubo

et al. (2015).

Figure 5. Absorption spectra of chromophoric dissolved orgamatter (CDOM) and
particulate matter over the ranges 370-720 nm moijpées collected in the mesocosm M1 at 1,
6 and 12 m depths and in the surrounding watetsvatlepth. Black lines represent the
average of all spectra and shaded areas reprégemetasured minimal and maximal values.

Peaks and shoulders are reported for particulateema

Figure 6. Evolution of a) absorption coefficient of CDOM3#0 nm py(370) in m'], b)
absorption coefficient of CDOM at 442 n@y,({442) in mY], c) spectral slope of CDOM
absorption in the range 370-500 ng i nm 1, d) absorption coefficient of particulate
matter at 442 nmaf,(442) in m'] and e) absorption coefficient of particulate reatit 676 nm
[ax(676) in m'] in the mesocosm M1 at 1, 6 and 12 m depths atiekisurrounding waters
(OUT) at 1 m depth over the course of the 23-dgpearment. Dots are mean values with
standard deviation from duplicate measurements@xXorS;. Black line represents the
depth-averaged values. P1: first part of the expent, from day 5 to day 14; P2: second part

of the experiment, from day 15 to day 23.

47



1147

1148

1149

1150

1151

1152

1153

1154

1155

1156

1157

1158

1159

1160

1161

1162

1163

1164

1165

1166

1167

1168

Figure 7. Spectral characteristics of the three FDOM compts@C1-C3) validated by the
PARAFAC model for 130 EEMs of samples collecteth@ mesocosm M1 at 1, 6 and 12 m
depths and in the surrounding waters at 1 m degghthe course of the 23-day experiment.
Both contour (left column) and line (right colunwipts are depicted. The line plots show the
excitation (left side) and emission (right sidejoitescence spectra. The dotted grey lines
correspond to split half validation results. Theitation and emission maximag{ andigy)

of each component are given.

Figure 8. Evolution of the fluorescence intensities (QSUjha three FDOM components: a)
humic-like, b) tryptophan-like and c) tyrosine-likeorophores in the mesocosm M1 at 1, 6
and 12 m depths over the course of the 23-day ewpet (actually up to day 20 and not to
day 23). Dots are mean values with standard devidtom duplicate measurements. Black
line represents the depth-averaged values. Pipfrs of the experiment, from day 5 to day
14; P2: second part of the experiment, from datolday 23. Fluorescence intensities in the
surrounding waters (OUT) at 1 m depth were detezchion only few samples at the

beginning and the end of the experiment and are ibtipresented here.

Figure 9. Linear relationships between absorption coeffic@drCDOM at 370 nmdy(370)

in m™] or absorption coefficient of particulate matte#d2 nm Bp(442) in m'] and
Synechoccocus spp. abundance (x 16ell mL™) for samples collected in the mesocosm M1
from day 5 to day 20, i.e. from the day after tissdlved inorganic phosphorus fertilization

to almost the end of the experiment (P1 + P2 86).
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Table 1.Mean values and associated standard deviatiotisromophoric, biogeochemical and biological pararsesf samples

collected in the mesocosm M1 and in the surroundiatprs (OUT) during the first part of the expemtye.e. from day 5 to day

14 (P1), and during the second part of the experime. from day 15 to day 23 (P2). The means whive different letters(
b, c ord) are significantly different (ANOVAp < 0.05). M1-P2 values in bold are significantl{felient from M1-P1, OUT-P1

and OUT-P2 values.

M1-P1 ) M1-P2 ) OUT-P1 () OUT-P2 ()
TChla (ug L) 0.19 + 0.08(28) 0.42 +0.14 (27) 0.21 +0.03(25) 0.30 + 0.07(25)
Phycoerythrin (ug ) 0.17 £ 0.09(9) 0.24 +0.09(9) 0.19 + 0.08 (10) 0.42 +0.18(9)
TOC (uM) 66.5+2.1(9) 69.7 + 4.3(9) 66.6 + 2.8 (9) 67.7 + 1.8°(7)
PON (1M) 0.81 + 0.1%3(30) 1.10 + 0.2 (27) 0.71 + 0.06 (30) 0.87 +0.18(27)
DON (uM) 5.5+ 1.4(29) 4.8 +0.8(22) 5.0 + 0.4 (29) 5.3+1.8(23)
BP (ng C [* h'%) 157 + 49 (30) 348 + 1423 (27) 135 + 24 (30) 256 + 66 (27)
DDAs (x 10 nifH copies %) 120 + 48" (5) 54 + 3T (6) 227 +189° (5) 200 + 226° (3)
UCYN-C (x 1@ nifH copies L) 45+7.6(4) 64 + 24 (6) 1.2 +0.8 (5) 29+1.7(3)
Total diatoms (x 1bcell L) 17 + 9 (5) 44 + 37 (5) nd nd
Synechococcus (x 1C cell mL?Y) 41 + 26 (24) 88 + 14 (23) nd nd
Prochlorococcus (x 10 cell mLY) 12 + 6 (24) 15 + 3 (23) nd nd
Picoeukaryotes (x £@ell mL?) 1.5+ 0.8 (24) 2.4 +0.6(23) nd nd
Nanoeukaryotes (x f@ell mL™) 0.9 + 0.4 (24) 1.5 + 0.4 (23) nd nd

ay(370) (M)

ay(442) (m')

S (nm?)

ap(442) (M)

a,(676) (")
Humic-like (QSU)
Tryptophan-like (QSU)
Tyrosine-like (QSU)

0.046 + 0.00%(30)
0.013 + 0.001(30)
0.0172 + 0.00%" (30)
0.014 + 0.00%(30)
0.005 + 0.002(30)
4.47 + 0.7530)
7.68 +1.1730)
6.57 + 1.2128)

0.058 + 0.009(27)
0.016 + 0.00%3(27)
0.0174 + 0.001(27)
0.022 + 0.002(27)
0.009 + 0.002(27)

4.45 + 1.09(18)
8.07 + 2.07(18)
5.49 + 0.88(18)

0.049 + 0.005 (9)
0.015 + 0.0G% (9)
0.0169 + 0.001(9)
0.015 + 0.002(9)
0.005 + 0.007(9)

0.052 + 0.006(9)
0.015 + 0.00%° (9)
0.0169 + 0.001(9)
0.018 + 0.002(9)
0.008 + 0.00%(9)
nd

nd

nd

nd: not determined; TCH: total chlorophylla concentration; TOC: total organic carbon conceiuna PON and DON: particulate and dissolved organi
nitrogen concentrations; BP: bacterial productidBAs: diatoms-diazotrophs associations; UCYN-Ccefiular diazotrophic cyanobacteria Group C;
ay(370) andag(442): absorption coefficients of CDOM at 370 ad@ 4m;S;: spectral slope of CDOMi,(442) anday(676): absorption coefficients of
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1186

particulate matter at 442 and 676 nm; Humic-likgptiophan-like and tyrosine-like: fluorescence msi¢y of humic-like, tryptophan-like and tyrosirikd
FDOM fluorophores. Detailed data about diazotrof@BAs and UCYN-C) are found in Turk-Kubo et al. (%).
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1187 Table 2.Pearson’s correlation coefficient3 6f linear regressions between the chromophorictha biogeochemical/biological
1188  parametersf samples collected in the mesocosm M1 from dayday 20, i.e. from the day after the dissolveatganic phosphorus
1189 fertilization to almost the end of the experimddt (+ P2) § = 36).

ay(370) ay(442) S an(442) a,(676) Humic Trypto. Tyrosine
ay(442) 0.90
S 0.22 -0.15
a,(442) 0.61 0.52 0.23
a,(676) 0.62 0.53 0.30 0.93
Humic 0.42 0.36 0.13 0.22 0.10
Trypto. 0.28 0.24 0.28 0.17 0.16 0.67
Tyrosine -0.09 -0.25 0.11 -0.28 -0.39 0.48 0.20
TChla 0.68 0.60 0.32 0.86 0.88 0.22 0.21 -0.33
Phyco.* 0.45 0.42 0.11 0.74 0.73 0.05 0.00 -0.35
TOC* 0.35 0.16 0.63 0.57 0.59 0.52 0.43 0.28
PON 0.71 0.58 0.29 0.75 0.70 0.43 0.29 0.04
DON -0.30 -0.23 -0.13 -0.14 -0.04 -0.26 -0.10 -0.14
BP 0.75 0.72 0.10 0.78 0.72 0.43 0.32 -0.12
DDAs* -0.44 -0.38 -0.52 -0.85 -0.78 0.20 0.05 0.60
UCYN-C* 0.73 0.67 0.55 0.90 0.85 0.15 0.23 -0.47
Diatoms*  -0.07 -0.08 0.40 0.49 0.47 -0.85 -0.74 -0.88
Synecho. 0.76 0.76 0.08 0.83 0.76 0.35 0.29 -0.27
Prochlo. 0.42 0.47 0.08 0.57 0.50 0.13 0.03 0.00
Picoeuka. 0.52 0.62 -0.07 0.71 0.58 0.40 0.34 -0.25
Nanoeuka. 0.48 0.45 0.01 0.65 0.58 0.11 0.01 -0.35

1190 Correlation coefficientsr{ in bold are very highly significanp(< 0.0001). * Correlations determined on a lowember of samplesj: 15 for Phyco. and TOC, 10 for
1191 DDAs, 9 for UCYN-C and 8 for diatomag(370) anday(442): absorption coefficients of CDOM at 370 ad@ 4m (m"); S: spectral slope of CDOM,(442) and
1192 a,(676): absorption coefficients of particulate matte442 and 676 nm (M Humic: fluorescence intensity of humic-like fhaphore (QSU); Trypto.: fluorescence
1193 intensity of tryptophan-like fluorophore (QSU); Bgine: fluorescence intensity of tyrosine-like flaphore (QSU); TChé: total chlorophylla concentration (ugt);
1194 Phyco.: phycoerythrin concentration (ud)LTOC: total organic carbon concentration (uM);NP@nd DON: particulate and dissolved organic nigrogoncentrations
1195 (LM); BP: bacterial production (ng C'th™); DDAs: diatoms-diazotrophs associationgHl copies [*); UCYN-C: unicellular diazotrophic cyanobacterieo@p C 6ifH
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