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Abstract

Despite an increasing number of experiments, neemsus has emerged on the effect of
ocean acidification on plankton communities andboar flow. During two experiments,
performed in the Bay of Calvi (France, Corsica; swan 2012) and the Bay of Villefranche
(France; winter 2013), nine off-shore mesocosm$ (9 were deployed among which three
served as controls and six were enriched withh @Oreach partial pressure of ¢@CO,)
levels from 450 to 135@atm and 350 to 125Q0atm in the Bay of Calvi and the Bay of
Villefranche, respectively. In each mesocosm, inaig*°C was added in order to follow
carbon transfer from inorganic via bulk particulateganic carbon and phytoplankton to
bacteria by means of biomarkers as well as to zmigpbdn and settling particles. Despite very
low plankton biomasses, labelled carbon was cledrgnsferred through plankton
communities. Incorporation rates in the variousnplan compartments suggested a slow-
growing community based on regenerated producticdhe Bay of Calvi while in the Bay of
Villefranche, fast-growing species were clearly dwating community production at the start
with a shift toward slow-growing species during #eeriment due to nutrient limitation.
Both bulk and group-specific productions rates wad respond to increasin@CO, levels.
These experiments were the first conducted in tleglitdrranean Sea under low nutrient
concentrations and phytoplankton biomasses andestidhjat ocean acidification may not

significantly impact plankton carbon flows in lowtnient low chlorophyll (LNLC) areas.



1. Introduction

The ocean is the largest active reservoir of cadioiarth, absorbs about 2.6 £ 0.5 Pg C
yr! (Le Quéré et al., 2014) and has a key role inlatimg carbon flow on Earth. Carbon
dioxide (CQ) fluxes from the atmosphere to the ocean are ypadhtrolled by primary
production, community respiration and organic nmrat@M) export to the deep-sea, the so-
called biological pump. Primary production rates ihe surface layer depend on
environmental conditions such as temperature, watleimn structure (mixegs. stratified),
irradiance levels and nutrient availability. Thedhnly produced OM can be consumed by
zooplankton or exported to the deep-sea but a l&ayion is respired and degraded by
heterotrophic bacteria in the upper layer producl®@ as well as recycled inorganic
nutrients brought back in the ecosystem (Rivkin Aadendre, 2001). The G@quilibrium
between atmosphere and ocean is then dependehé arophic status and metabolic state of
surface plankton communities.

Over the last century, GOconcentration in the atmosphere has increasednat a
unprecedented rate in the Earth’s history due tmdwu activities, warming the lower
atmosphere and the ocean. Furthermore, 26% ofrthiged CQ dissolves in seawater (Le
Quéré et al., 2014) causing an acidification of doean with potential effects on plankton
metabolic rates in the upper layer (Riebesell andell, 2011). Dissolved COis the main
substrate for photosynthesis but the activity efRuBisCO, the enzyme necessary for carbon
fixation, is suboptimal at COconcentrations present in ocean surface watersf@Rer,
2011). Therefore, primary production rates miglest@éase under elevated ¢levels resulting
in carbon overconsumption relative to other nutsefRiebesell et al., 2007). This could
further alter phytoplankton-derived dissolved oligamatter (DOM) production and
composition (Engel et al., 2004; Riebesell et 2007), and consequently increase bacterial

carbon consumption as DOM is the main substratéhfar growth (Grossart et al., 2006). In



parallel, the formation of C-rich aggregates caailsb increase carbon export and therefore
the efficiency of the biological pump (Engel et &004). Furthermore, due to differences in
carbon fixation pathways between phytoplankton iggeacarbon export capacities of the
surface ocean could be altered due to modificatiohgphytoplankton community size
structure and sinking capacities (Klaas and Arct2502). An significant number of
experiments have assessed the effects of oceafficatidn on plankton composition and
functioning. These studies provided variable andetames conflicting results, preventing the
development of a general concept on the effectecebin acidification (see Riebesell and
Tortell 2011 for review). For instance, in somedsdg, ocean acidification has been shown to
modify the community structure towards more diatdisrtell et al., 2008; 2002) or towards
smaller species (Brussaard et al., 2013). In athaties, no changes were found (Nielsen et
al., 2010; 2012).

As the functioning of plankton communities deperms many ecological interactions
between biotic and abiotic compartments, theresg@ng need to study natural assemblages
rather than individual species or strains. Cardow fwithin natural plankton communities
has been studied using stable isotopes labellingled with biomarkers (Middelburg et al.,
2000; van den Meersche et al., 2011). The additfoffC dissolved inorganic carbon and
subsequent transfer to phytoplankton, heterotrofaicteria as well as zooplankton and
sinking particles, allows following carbon transfhrough plankton communities. The
estimation of carbon incorporation in various taxemc groups can be performed through the
analysis of-°C enrichment in phospholipids derived fatty acilsRA) biomarkers. PLFA are
cell membrane components, produced by phytoplanktuh heterotrophic bacteria, which
occur in relatively fixed proportion in cells andlosv distinguishing among groups of
organisms (Middelburg, 2014). As PLFA degrade rgpmfter cell death, they therefore

largely reflect the activity of living cells (Boskér and Middelburg, 2002). The combination



of 13C stable isotope labelling with biomarkers analyaed particulate organic carbon has
been used to determine production rates at taxecHgp (Dijkman et al., 2009) and
community level (Van den Meersche et al., 2004,12@ke Kluijver et al., 2010; 2013).

To date, two experiments have focused on the effectean acidification on the flow of
carbon within plankton communities through the aB&C stable isotope labelling combined
with biomarkers analyses. The first experiment pagormed in the frame of the PeECE llI
project (Riebesell et al., 2008) in land-based roesms following initial nutrient additions
(N and P). Group specific primary production rategeased with elevatgaCO, during the
post-bloom period, while no effects were found drytpplankton-bacteria coupling nor on
export rates (De Kluijver et al., 2010). The secerperiment was performed in Arctic waters
using large offshore mesocosms (Riebesell et @ll3R Heterotrophic bacteria and two
phytoplankton groups were distinguished based eir iLFA composition: mixotroph and
autotrophic phytoplankton (De Kluijver et al., 2018Vhile no effects of C®on particulate
organic carbon (POC) production rates were detedietbre nutrient addition, POC
production rates decreased with increasing papiabsure of C@ (pCO,) after nutrient
addition. In contrast, no CCeffects on bacterial production were highlighteathbunder
nutrient-depleted or -replete conditions. Dependingthe experimental period considered,
positive or negative effects of GObn phytoplankton and mixotroph production rates,
zooplankton grazing and export of detritus werehlginted. The effects of ocean
acidification during this experiment were subtlel alifferent for each phase (before and after
nutrient addition).

Most of the experiments conducted at community llef@cluding mesocosm
experiments) have been performed during a naturartficial phytoplankton bloom that
only occurs during a restricted period of the yaaat may not reflect the physiological state of

plankton community and ecosystem trophic statenfost of the year. There is therefore a



strong lack of data for warm, low nutrient and proility regions although these areas
represent a vast majority of the surface ocean0®,8.onghurst et al., 1995). However, a

recent study in the Northwestern Mediterraneanhssashown a substantial effect of ocean
acidification on plankton communities (phytoplank@bundances and bacterial activities and
abundances) under very low nutrient concentrat{@ada et al., 2015) in 200 L laboratory

mesocosms (controlled temperature, light interemy light-dark cycles).

The Mediterranean Sea is oligotrophic for most bk tyear although several
biogeographical provinces have been identified (@E6zio and D’Alcala, 2009). The pH
decrease in this region has been estimated totb&5pH units since the industrial revolution
(Touratier and Goyet, 2009) and an additional desgeof 0.3 to 0.4 units is foreseen for the
end of the century (Geri et al.,, 2014). The effe€tocean acidification on plankton
communities has been investigated based on mesoesxg@riments conducted in two
different sites of the Northwestern Mediterraneaa 85azeau et al., sbm a, this issue). This
manuscript reports on the firSC labelling study on Mediterranean plankton comriesiin

the frame of a mesocosm experiment focused on caadification.



2. Material and Methods

2.1 Study sites, experimental set-up and sampling

Two mesocosm experiments were carried out: onbarBay of Calvi (BC; Corsica,
France) in June-July 2012 and the other in the@ayillefranche (BV; France) in February-
March 2013. The experimental set-up and mesocoswacteristics are described in Gazeau
et al. (sbm a, this issue). In brief, for each expent, nine mesocosms of ca. 56 (2.5 m in
diameter and 12 m maximum depth) were deployed2fbrand 11 days in BC and BV,
respectively. Once the bottom of the mesocosmsclesed, acidification of the mesocosms
was performed over 4 days by homogenous additiomadgbus volumes of C&saturated
seawater to obtain @C0O, gradient from ambient levels to an intended 12&0r with three
control mesocosms (C1, C2 and C3) and six mesocustsncreasingpCO, (P1 to P6). In
BC, the six targeted elevate€O, levels were P1: 550, P2: 650, P3: 750, P4: 8501880
and P6: 125@atm. In BV, the levels were P1: 450, P2: 550, P8, P4: 850, P5: 1000 and
P6: 1250uatm. Mesocosms were grouped in clusters of 3 watthecluster containing a
control, a medium and a highCO, level (cluster 1. C1, P1, P4; cluster 2: C2, P2,aRd
cluster 3: C3, P3, P6). During the last day of,G@turated seawater additidiC sodium
bicarbonate (NaHCO;; 99%) was added to each mesocosm to increasesthepic level
(8™3C signature) of the dissolved inorganic carbon &biC-DIC) to ca. 200%. in BC and
100%o in BV. In BC, on day 11, a second additionNafH*CO; was performed to better
constrain production rates and this resulted inréhér enrichment of the DIC pool to ca.
270%o.

Every morning, depth-integrated samplings (0-10 weye performed using 5 L
Hydro-Bios integrated water samplers and samplesvater was used for various analyses
such as dissolved inorganic carbon and total adkwlthat were used to compute integrated

pH andpCQO; levels (Gazeau et al., sbm a, this issue), pdatiewrganic matter measured on



an elemental analyzer (Gazeau et al., sbm a, ghige), nitrate+nitrite (N and phosphate
(PO*) measured at nanomolar level by Liquid Waveguiagillary Cell (Louis et al., sbm,
this issue), ammonium concentrations measured wmingutoanalyser (Skalar) in BC and
using a manual fluorometric method in BV (see Gazetal., sbm a, this issue, for more
details), microbial abundances by flow cytometrel(Gsi et al., in press, this issue) and
pigment concentrations measured by high performlgoel chromatography (Gazeau et al.,
sbm b, this issue). Daily samples ffC-DIC, §**C-particulate organic carbod'tC-POC)
and&'3C-phospholipid derived fatty acidg'{C-PLFA) were taken at the beginning (day 0 to
15 in BC and day 0 to 4 in BV) and every secondtdayard the end of the experiments. The
sediment traps were emptied every day in BC oryee#iner day in BV and samples were
immediately preserved with pH buffered formaldehyldeBC, a single zooplankton net haul
(200 um mesh size) was performed in each mesocb#ime and of the experiment so as not
disturb the mesocosms during the experiment. Umfaitely, in BV, a storm caused an
unintended opening of the mesocosms on day 13 @Bazteal. sbm a, this issue, for details)
and no zooplankton net haul could be done durirggetkperiment.

For **C-DIC analyses, 20 mL of sampled seawater was gérthsferred to glass
vials avoiding bubbles and vials were sealed dféeng poisoned with 1QL saturated HgGl
and stored upside-down at room temperature in #rk gending analysis. Fa&'’C-POC,
sampled seawater (0.5 to 1 L) was immediatelyrétieon pre-weighed and pre-combusted 25
mm GF/F. Filters were dried at 60 °C and stored dry place pending analysis. Samples for
8*C-PLFA analyses (~4 L) were filtered through 47 mpra-combusted GF/F filters, which
were subsequently stored at -80 °C. Zooplanktonpgzsnof the final net haul were
transferred to 0.2 pum filtered seawater for 30 tiempty their guts. One to ten individuals
of the two speciedParacalanus spp. andOncaea spp., that were found in nearly all

mesocosms, were transferred to pre-combusted pis @nd were stored at -80 °C for organic



8'*C analyses. For sediment trap samples, swimmegsrldhan 1 mm were removed (and
discarded) and the remaining material was rinsedtrduged and freeze-dried. In BC, as a
consequence of low amounts of material especidllyha end of the experiment, daily
sediment traps samples were pooled as follows: &ays 8-10, 11-14 and 15-19. Total
particulate matter was weighed for flux determioatand subsamples were used for POC and
8'°C-POC measurements.
2.2 Laboratory analyses

Sample preparations and measurementsstd€ analyses were performed at the
Netherlands Institute of Sea Research (NIOZ-Yersekke Netherlands) except for
measurements of sediment traid§C-POC in BV that were performed at the Laboratoire
d’Océanographie de Villefranche (LOV; France). AOX-Yerseke 3°C-POC samples were
analyzed on an elemental analyzer (EA; Thermo EacdElash 1112) coupled to a Delta V
isotope ratio mass spectrometer (IRMS). At LG¥’C-POC samples were analyzed on an
elemental analyzer (Elementar Vario Pyrocube) cedipd an Isoprime 100 IRMS. FaFC-
DIC analyses, a helium headspace (3 mL) was creatde vials and samples were acidified
with 2 pL of phosphoric acid @PQ,, 99%) to transfer all DIC to gaseous L£@fter
equilibration, the C@ concentration in the headspace and its isotopmpeosition were
measured on an EA-IRMS. PLFA were extracted usingadlified Bligh & Dyer method
(Middelburg et al., 2000). In brief, after extractiof total lipids in a methanol:chloroform
mix, lipids were separated into different polaritlasses on a column separation using
previously heat activated silica. After elution lwithloroform and acetone, the methanol
fraction was collected and PLFA were derivatizedatby acid methyl esters (FAME). The
standards 12:0 and 19:0 were used as internal atsdConcentrations anéf>C of
individual PLFA were measured using gas chromafadgraombustion isotope ratio mass

spectrometry (GC-c-IRMS). In BC, due to very lowncentrations, daily PLFA samples were



pooled by two days after the extraction step.
2.3 Data analyses

Carbon isotope data are expressed in the deltéiom{@d) relative to Vienna Pee Dee
Belemnite (VPDB) standard and are presented asifispenrichment A5'°C) and *C
incorporation (Middelburg, 2014). The specific ehrnentAs'*C was calculated &8 °Csample
—5"%ChackgrounaWith 8 *Chackgroundbeing the isotope ratio under natural conditiorefaie °C
addition). The carbon isotope ratio was calcula@gRampie= (3" °Csampid1000+1) X Rippe,
with Ryppg = 0.011237. Thé®C fraction was calculated aSF = **C/(**C+°C) = R/(R+1).
The excess°C was obtained aaF = “*Feampie - “Foackground INCOrporation was then
calculated as®C-incorporation =A™*F x C (umol**C L™*; De Kluijver et al., 2010) with C
being POC or PLFA concentrations in umol C.ln order to directly compare values
between mesocosms, data were corrected for theretiff initial3**C-DIC using a correction
factor calculated as the ratio betweéfC-DIC in each mesocosm to the avera§€-DIC in
all mesocosms at day 0. This ratio varied from @®2.21 in BC and from 0.72 to 1.22 in
BV. §'3C-DIC data were corrected for air-sea gas exchangiesy the method described in
Czerny et al. (2013).

Different PLFA were detected depending on the drpamt and higher PLFA
concentrations and more diversity were measured8Mrthan in BC. Only a few PLFA are
taxon specific with many PLFA shared by severaugso(Dalsgaard et al., 2003) and in the
same taxon there are strain specific differencesPiFA composition (Dijkman and
Kromkamp, 2006). Therefore, an approach combingwgial indicators is recommended to
infer the plankton composition (Dalsgaard et @03). Two specific PLFA, detected in both
experiments (ail5:0 and i15:0), were used to iflehieterotrophic bacteria (Kaneda, 1991).
For phytoplankton, identification at the speciegadon level was too complex, and only two

phytoplankton groups were distinguished by comigninformation on PLFA ratios and
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PLFA biomarker attribution based on the literaturea first step, for both experiments, the
ratios 16:17/16:0 <1 as well as 20iB/22:603 <1 indicated a low living biomass and the
presence of aggregates from senescent and/or degrdiitoms as well as dominance of
dinoflagellates and flagellates over diatoms (Talesal., 2004; Balzano et al., 2011). These
ratios allow inferring that C16 and 2@3 are not specifically attributed to diatoms but to
other phytoplankton groups sharing the same PLERG, PLFA that showed a delay&dC
incorporation (18:9c, 20:m3 and 22:®3) likely representing heterotrophic dinoflageltate
and flagellates as well as some haptophytes (Daldgat al., 2003; Brinis et al., 2004;
Dijkman and Kromkamp, 2006; Rossi, 2006), were geal Their weighted'°C ratio and
sum of concentrations were used to describe a geskw-growing phytoplankton group
termed Phyto2. The PLFA that showed a comparatiVaty incorporation were 162,
18:403 and 18:33 and their weighted'’C ratio was used to characterize fast-growing
phytoplankton (Phytol) comprising cyanophytes, pbytes (prasinophyceae and
chlorophyceae) and other haptophytes (Viso and yar993; Dalsgaard et al., 2003;
Dijkman and Kromkamp, 2006). In BV, a slow-growimhytoplankton group Phyto2
containing 16:43, 20:33 and 22:#3 was considered and comprised heterotrophic
dinoflagellates, some haptophytes and some diatdims.fast incorporating group Phytol
contained the following PLFA: 1664, 18:206c, 18:33, 18:403, 18:%3(12-15) and
18:5m3(12-16), and comprised cryptophytes, some haptephghlorophytes and autotrophic
dinoflagellates (Viso and Marty, 1993; Dalsgaardakt 2003; Dijkman and Kromkamp,
2006; Adolf et al.,, 2007; Taipale et al., 2013, 200The sum of characteristic PLFA
concentrations were converted to total carbon aunagons using conversion factors of 0.01,
0.06 and 0.05 pg C PLFA / pg C for heterotrophictér@a, fast-growing Phytol and slow-
growing Phyto2, respectively (Van Den Meersche let 2004; Dijkman et al., 2009; De

Kluijver et al., 2013).
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Primary production rates were calculated basetf@rncorporation in POC as well as
in PLFA characteristic of each phytoplankton graamd for each time interval using the
equation:

PP = A(“Foiomass' Chiomasy/At —*Fmean:biomas§AC biomasd At)] / [**Frmean:pic—"Fmean:biomads(1)

in pmol C L d* with, *Fuiomassthe *C fraction in the considered biomass (PLFA fastd an
slow-growing phytoplankton or POC)igmassthe concentration of the considered biomass in
pumol C L%, At is the time interval in days FreanbiomasdS the averageéC fraction in the
considered biomass (PLFA or POC) for the time irgband *Freanpicis the averagé®C
fraction in DIC for the considered time intervals.

By the end of the experiment, stable isotope padtapproached steady state and the
ratio of the enrichment in consumets$¥Ccond to the enrichment of the substraté’tCsuss)
can then be used to quantify the dependency ofuceeis on the resource (Van Oevelen et
al., 2006; Middelburg, 2014).

2.4 Model description

Having isotope enrichment datas{*C) at multiple time steps allows using a simple
sink-source isotope ratio model based on that ohikan et al. (2004) in which the isotopic
composition of a consumer is altered by the uptakthe source compartments minus any
losses. This model is based on two assumptions:ldballed DIC concentration is known
within the mesocosm at each time point and thabtbmass of consumers is at steady state
with time. This model allows estimating the turnovate of phytoplankton and heterotrophic
bacterial groupsr( d?). Here we apply a phytoplankton-bacteria-detritusdel, with two
phytoplankton types (Phytol and Phyto2 for the fastl slow incorporation groups,
respectively), to model tHeC data of this study:
d A 8°Conytor / d t = ppyior (A 8°Cpic - A 8 °Cphyror) (2)

d A 8"Cpytoz / d t = phytoz (A 8 °Cpic - A 8" Cpyto2) (3)

12



d A 8°Cpact / d t = Fact (A 5" "Chhyton - A 8" °Cpacy) (4)
d A 8" Cuet / d t = pnyior (A 8 °Conytor - A §"°Caa) + pnytoz (A 8 °Conytoz - A §"°Cuet) + 'pact (A
5" %Chact - A 5"°Cue) (5)
This model was implemented in the R software (Redeam 2013), using the R-packages
packages deSolve (Soetaert et al., 2010) and fitetthe data using the R-package FME
(Soetaert and Petzoldt, 2010). It was applied ¢oetkperimental periods of 20 and 9 days in
BC and BV, respectively. More details and earligplecations of the model can be obtained
in Van Oevelen et al. (2006) and De Kluijver et(@010). This simple modeling approach
allows derivation of model parameters with unceitai
2.5. Statistics

In order to identify differences betwe@@€O, treatments, stepwise multiple linear
regression analyses were performed to establigtiorthips between estimated parameters
and processes and environmental/experimental ¢onslit including pCO,. Other
environmental conditions that have been considere@ temperature, salinity and nutrients
(NO,, NH;" and PQ®). Integrated levels of temperature and salinityen@cquired through
daily CTD casts performed in each mesocosm. Furtbes, cumulative productions were
calculated as the sum of production rates caladlftem equation (1) for the available
experimental period and were related to increap€®, levels (averages during the
experiments) using linear regression. All regrassivere performed using the R software
(version 3.1; www.r-project.org) and were considesggnificant at a probability < 0.01 and

marginally significant at a probabilify< 0.05.
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3. Reaults

3.1 Environmental and experimental conditions during both experiments

AmbientpCQO; levels were higher in BC in summer as compare@\tan winter (~450
vs. 350 patm respectively; Fig. S1). WhileCO, levels slightly decreased in BC after the
acidification phase during the course of the expent, especially for high GOnesocosms
(P5 and P6), drops pCO, levels were much more important in BV due to sfrannds (see
Gazeau et al. sbm a, this issue for more detaii) mesocosms P1 to P4 showing very
similar levels by the end of the experiment. In B{O, and PQ* were very low: NQ always
remained below 150 nmol'Lwhile PO4" average was 9 + 4 nmol'l(data not shown; Louis
et al., sbm, this issue). Ammonium levels avera@&¥ + 0.18 umol I (data not shown)
without specific time evolution. This N/P co-limiitan likely prevented the development of a
phytoplankton bloom as shown by a mean chloropngbncentration of 70 + 10 ng'i(Fig.
S1). Haptophytes and cyanophytes were dominatiagpklytoplankton community (data not
shown; Gazeau et al., sbm b, this issue).

In BV, nutrient levels were initially higher than BC but NQ and PQ* were rapidly
consumed during the acidification period leadin@tounusual, at this period of the year, N
and P co-limitation when the experiment startedad#t shown; Louis et al., sbm, this
issue). Ammonium concentrations were lower thaBGnaveraged 0.05 + 0.01 umot (data
not shown) and tended to decrease during the ewpeti The average chlorophydl
concentration was however much higher (987 + 141 fgthan in BC (Fig. S1) and the
community was dominated by cryptophytes and haptigsh(data not shown; Gazeau et al.,
sbm b, this issue).

Chlorophylla was not affected by CQduring both experiments (Gazeau et al., sbm b,
this issue) and displayed a stationary trend owee in BC while slightly decreasing during

the experiment in BV (Fig. S1). Nutrient concentias were also not impacted by €O
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during both experiments (Louis et al., sbm, th&sieg. Heterotrophic bacteria abundances did
not respond to increap€ O, (Celussi et al., in press, this issue).

3.2 Carbon flow in the Bay of Calvi

3.2.1. Labdlingresults: DIC and POC

The addition of NatfCOs led to an increase af5'°C-DIC in all mesocosms to an
average (x SD) of 224 + 16%. that steadily decreasedminimum of 194 + 12%. at day 10
before the second addition was performed. Thigddttrther increaseds™>C-DIC to 270 +
13%o (Figure 1a). Thé®C-DIC concentration varied during the whole expeital period
from 7.3 to 4.2 umot®C L, accounted for 0.19 to 0.30% of total DIC concatitn and
followed the same temporal pattern as describech86fC-DIC. The decrease itC-DIC
concentrations occurred in all mesocosms indeperafgrCO, level. Losses through air-sea
exchange were negligible (< 0.79€-DIC; data not shown).

Incorporation into POC was rapid and a first platstarting at day 9 was reached with
an average (+ SDMS™C-POC in all mesocosms of 86 + 8%.. The second wmadiof
NaHCO; on day 11 led to a further increaseA&™C-POC until day 15 when a second
plateau was reached (average + SD of all mesocdk®@s+ 18%o; Figure 1a). THEC-POC
concentration varied, following the same tempogdtern as fond™*C-POC, from 3.6 to 58.2
10* umol **C L. The ratio ofAs**C-POC /A$'3C-DIC reached a maximum of 0.54 + 0.04
(average + SD of all mesocosms) at the end of tigeranent and differences among
mesocosms were not relatedp©O, levels (Table 1). Ratios remained below 1 indigata
large inert (non-reacting) detritus pool.

3.2.2. Phytoplankton and bacteria dynamics: labelling and biomass

The averageds*C-Phyto2 steadily increased to an average betwienesocosms

(+ SD) of 123 + 16%. and the second N&EO; addition on day 11 allowed an additional

increase to 167 + 27%o (Figure l1a). The fast-growphgtoplankton (Phytol) incorporated
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3C much faster and on day 6 a first saturation plateas reached at an average (+ SD)
between all mesocosms of 170 + 12%.. After the seédsaH°’CO; addition, As**C-Phytol
increased again until the end of the experimerit80 + 27%. (average of all mesocosms +
SD; Figure 1a). TheAs™C-bacteria steadily increased to reach a final ay@r(z SD)
maximum of 136 + 17%o. (Figure 1a).

The final ratios ofA8**C-Phytol /A$'°C-DIC andA&**C-Phyto2 /A5*°C-DIC reached
an averaged (+ SD) maximum of 0.82 + 0.07 and &.2306, respectively. The rati®**C-
bacteria /A8**C-all phytoplankton averaged 0.80 + 0.15 at the@frttie experiment and were
independent opCO; levels (Table 1). Heterotrophic bacteria growttsweased on Phytol or
Phyto2 products as bacteria isotope ratids {C) were below isotope ratios of fast and slow
growing phytoplankton. ThEC content of Phytol, Phyto2 and heterotrophic bigtased to
estimate production rates, increased during therxent (Figure 2a, b and c) until day 15
after which labelling reached a plateau.

Biomass of Phytol was very low and increased fronawerage (+ SD) between all
mesocosms of 0.013 + 0.003 to 0.03 + 0.01 pmol'GRigure 3a), reflecting the increase in
chlorophylla until day 12 (Figure S1). The estimated biomasPlofto2 tended to increase
over the experimental period from an average (+ B&)veen all mesocosms of 0.06 + 0.01
to 0.12 + 0.04 pmol CL (Figure 3a). Heterotrophic bacterial biomass base8LFA varied
from an average (+ SD) between all mesocosms &10:00.007 to 0.06 + 0.03 pmol C'L
(Figure 3a) and tended to increase during the @xpet although this was not evidenced
based on flow cytometry data (Celussi et al., iespr see Figure S1). No relationships
betweenpCQO, and biomasses of the different compartments wawed using the stepwise
multiple regression analysis approach (Table 2) with nutrient concentrations and

temperature.
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3.2.3. Primary production based on POC and PLFA

Based on POC labelling, net community productidasgNCPC) globally averaged
0.15 + 0.01 umol C t d* with large variations between mesocosms and samulays.
Stepwise analyses reveal no effect of increapl@@, and no significant relationships with
any other environmental parameters (Table 2). Médaycumulative productions ranged
from 1.12 to 2.29 pmol C twith no significant trend with increasimO; (Figure 4a; n =
9, r=-0.51p > 0.05). Both phytoplankton groups did not show particular temporal trend
and the Phyto2 group was more productive with eineekt cumulative production in P6 (0.02
pumol C L) and the highest in P2 (0.19 umol C)LNo linear trend with increasinaCO>
levels was observed for both phytoplankton groupsumulative productions (Figure 4b; n =
9, r=-049p>005and n =9, r =-0.35 > 0.05, for Phytol and Phyto2, respectively).
Stepwise analyses reveal no effect of increapl@@, and no significant relationships with
any other environmental parameter for the primaydpction of Phyto2 (Table 2) while
Phytol production rates followed the same trend teenperature (Table 2).
3.2.4. Zooplankton and sediment traps

Specimens of the copepddaracalanus spp. were present in samples from all
mesocosms except P1 and P2 and specimebracaka spp. were found in all samples except
for mesocosm PFaracalanus showed a higher specific enrichmens{’C; average 108 +
10%o; Figure 5) that©ncaea (average 60 + 10%o). Both species were less labatid®6 but
there was no significant effect qiCO, on zooplankton'®C enrichment (Figure 5;
Paracalanus: n =7, r=-0.73p > 0.05;0ncaea: n =8, r =- 0.31p > 0.05).

Transfer of°C to sediment traps was fast, as after 2 days@rase in sediment-trap
13C-POC was measured amtC-POC of settlings particles increased with timig@Fe 2d).
The stepwise multiple regression analysis reveatecelationship betwegnCO, and labelled

settling particles but a significant relationshighatemperature, as both parameters increased
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during the experimental period, and a marginalti@iahip with NQ (Table 2). Cumulative
13C labelling in settling particles was also indepamdof pCO; (linear regression on daily
cumulative labelled materials: n =9, r = 0.g3; 0.05).
3.3 Carbon flow in the Bay of Villefranche
3.3.1. Labdlingresults: DIC and POC

The addition of NatfCO; led to an increase ind**C-DIC to 92 + 15%. (average +
SD between all mesocosms) that steadily decreasadtinimum of 41 £ 12%. until day 9
(Figure 1b). Thé*C-DIC concentration varied during the whole experital period between
an average between all mesocosms of 0.6 and 2.9 Jiéb™ and followed the same pattern
as described fond'*C-DIC. Losses by air-sea exchange calculated dutiegexperiment
were more important than in BC and were dependerthe considered mesocosm. Control
mesocosms presented similar negative air-sea fluk@e perturbed mesocosms (P1 to P6)
presented positive fluxes withaC outgassing up to 3% JfC-DIC in the most acidified
mesocosms (P5 and P6; data not shown), explairgrttygthe decrease iHC-DIC observed
during the experiment.

Incorporation into POC was rapid and on day 6 @epla was reached withd™*C-
POC (average + SD of 35 + 7%o; Figure 1b) and wiftnal value on day 9 of 33 + 7%c-C-
POC concentrations varied, following the same pattes forAs'*C-POC, from 1.3 to 48.8
10 umol **C L. The ratio ofAs**C-POC /A8**C-DIC reached a average (+ SD) maximum
of 0.83 + 0.11 at the end of the experiment whearlgeall the particulate material had been
labelled and was independentp@O; levels (Table 1).
3.3.2. Phytoplankton and bacteria dynamics. biomass and labelling

The AsC-Phyto2 steadily increased until day 9 to 38 + ¥hile AS**C-Phytol
reached 46 + 10%.. Th&5'*C of heterotrophic bacteria was similarA8C-Phyto2 with an

average between all mesocosms (+ SD) of 36 + 5%bay6 (Figure 1b) and to 42 £ 11%. on
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day 9, however only values for C1 and C3 are abkiléor the last day. After that days™3C-
DIC, POC and PLFA were at isotopic equilibrium aralother Na¥CO; addition could be
done to stimulate furthéfC incorporation into particulate matter (Figure tje to a storm
event (see Material and Methods).

Ratio of AS*C-Phytol /A8 C-DIC and A8*C-Phyto2 /A8*C-DIC reached an
averaged (+ SD) maximum of 1.1 + 0.1 and 1.0 + fedpectively meaning that afiC was
incorporated into particulate phytoplankton biomé&Bable 1). Final ratioA§**C-bacteria /
A8"C-all phytoplankton on day 6 averaged (+ SD) 0.6®.87. All final ratios were
independent ogpCO; levels (Table 1).

The *C-biomasses showed more variability between mesesahan during the
experiment in BC (Figure 6a, b and c) and hetepbii® bacteria were very difficult to
identify based on PLFA especially at the end of ¢éxperiment. Fast- and slow-growing
phytoplankton*C-biomasses increased during the experiment (Figard and c) until days
6 and decreased between day 6 and 9.

Biomasses estimated using PLFA for the two phytdftan groups were higher than
in BC (Figure 3b) and biomasses tended to decreasethe course of the experiment (9
days) with a large variability between mesocosmsala® observed with chlorophyf
concentrations (Figure S1). During this experiméast- and slow-growing phytoplankton
showed similar concentrations. Biomass of Phyto4 eraaverage (x SD) 1.7 + 0.3 and 0.8 £
0.5 pmol C * on day -1 and 9 while biomass of Phyto2 was omames(+ SD) 1.7 + 0.3 and
1.0 £ 0.7 pmol C I on day -1 and 9, respectively. Heterotrophic bi#miteiomass based on
PLFA was higher than in BC with an average (+ Sty the experiment 0.15 + 0.02 pmol
C L*, and showed no clear temporal trend (Figure 3cpintrast to flow cytometry data that
showed an increase in heterotrophic bacteria dalindances during the course of the

experiment (Figure S1). Stepwise multiple regressitalyses did not reveap&0O, effect on
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any of the estimated biomasses but a marginalioakitip between Phytol and WHTable
2.).
3.3.3. Primary production based on POC and PLFA

Net community production based on the incorporaén>C into POC (NCP<C)
decreased during the experiment from an averageD(tbetween all mesocosms of 1.03 +
0.24 to -0.09 + 0.41 pmol CLd® As *C-POC was equilibrated already witfC-DIC on
day 6, no estimate of NCBE could be obtained for the rest of the experim&tepwise
multiple regression analysis did not reveal a0, effect on this process (Table 2) but with
salinity, temperature and NOCumulative productions from day O to 6 variedrd.1 to 5.9
pumol C L' in P4 and P1 respectively and were not correlaigaCO, levels (Figure 4c; n =
9, r = -0.08,p > 0.05). In contrast to what has been observeHGn the two considered
phytoplankton groups presented a clear temporaldtigased on their production rates.
Production rates of slow-growing phytoplankton (i), were rather constant during the
first four days of the experiment but further desed with final cumulative productions
ranging from 0.53 to 1.05 pmol C*'L(Figure 4d). Phytol presented higher cumulative
production rates (Figure 4d) although they decrkaseer the course of the experiment.
Cumulative productions did not correlate with iras|egpCO; levels (Figure 4d; Phytol: n =
9, r =-0.45,p > 0.05; Phyto2: n = 9, r = -0.1p, > 0.05). Stepwise multiple regression
analysis did not reveal relationship WiiCO, levels (Table 2) but as for NCPE with
salinity, temperature, NA and NQ.
3.3.4. Zooplankton and sediment traps

As mentioned in the Material and Methods sectiom,samples were available for

zooplankton. As in BC, transfer biC to sediment traps was fast and on day 1 an iseriea
sediment-trag®C-POC was already measureétC-POC of settlings particles increased with

time (Figure 6d). The stepwise multiple regressamalysis did show a negative effect of
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increasingpCQO, (Table 2;p < 0.001) as well as relationships with most of theeted
parameters. In contrast, cumulatiic-POC of settling particles varied independently of
pCQO;, levels (linear regression on daily cumulative llgk material: n = 9, r = -0.53 >
0.05).
3.4 Mode results

Modeling was performed on biomass dn@ labelling for both experiments. Due to
the initial high**C-DIC labelling, the label in the DIC remained talaly constant, and
global biomass did not significantly change in ti(mariability between replicates was much
higher than through time) thus the model coulddegaately applied. All compartments were
well fitted except for*C-POC in BC suggesting that one phytoplankton grisumissing to
correctly model POC labelling. Growth rates aresprded in Table 3 and were not

significantly affected by elevatgaCO, levels.
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4. Discussion

The labelling studies showed *&C incorporation into pelagic particulate organic
matter and different phytoplankton groups and sgibset transfer to heterotrophic bacteria
and zooplankton as well as export to sediment tdgspite environmental and sampling
constrains. The'*C incorporations in all compartments of the inwgstied plankton
communities allowed for a qualitative and quantreatdescription of the dynamics of these
communities and their potential dependence on. CO
4.1 Environmental conditions and dynamics

The 3C transfer from dissolved inorganic carbon to pplaakton was evident for
bulk organic matter, phytoplankton groups and lmtephic bacteria in which significant
labelling was measured after 1 or 2 days. Labellag effective despite the low to extremely
low phytoplankton biomasses, obtained with PLFAnokers (< 0.2 pmol Ctin BC and
< 3 pmol C ! in BV). This is consistent with chlorophydl concentrations that were low at
both sites (< 0.11 ug chlL™ in BC and < 1.3 pg cld L™ in BV; see Gazeau et al., sbm b,
this issue). In BC, the biomass of the phytoplankgwoup considered as slow-growing
presented higher abundances than the fast-grownogpgwhile in BV, both groups
contributed equally to phytoplankton biomass. Altgl heterotrophic bacterial abundances
as estimated based on PLFA concentrations wereudiffo obtain in BV, abundances during
this winter experiment were higher than in summeBC, consistently with flow cytometry
cell counts (see Figure S1; Celussi et al., inQréss issue). Modeled heterotrophic bacterial
growth rates were also much higher in BV than BGthWespect to production rates, net
community production based on bdfic incorporation (NCP2C) was higher in winter and
decreased during the time of this experiment.

The plankton community in BC was characteristicsammer communities under

nutrient-limited stratified conditions with a doraimce of slow-growing phytoplankton, and
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based on regenerated production. This is suppdugekigher bacterial enzymatic activities
measured in BC in summer than during the winteregrgent (Celussi et al., in press, this
issue). In contrast, in winter, the fast-growingyfaplankton group presented higher
production rates than the slow-growing group atdtast of the experiment, suggesting that
the ecosystem was more at an autotrophic stateaffbwhe end of the experiment, the
community tended to become more based on regedevateecondary production as shown
by the increase in regenerated nutrients (Lou&.esbm, this issue) and decrease in the fast-
growing phytoplankton group. During this winter eximnent, theoretically conducted during
the productive period in the Bay of Villefrancheitments were rapidly consumed during the
first few days of deployment, leading to an unexge@d and P co-limitation at this period of
the year and a shift from autotrophic to heterdtiopconditions. FinalAs-*C ratios
suggested that, during the summer experimentge laert organic compartment was present
while in BV nearly all POC was ultimately labelledfinal As-*°C bacteria /A8-°C
phytoplankton ratios was slightly higher in BC tharBV suggesting a stronger dependency
of heterotrophic bacteria on phytoplankton derieadoon in summer and a fast turnover as
compared to winter conditions. To summarize, wheitzironmental and trophic conditions
observed during the experiment in BC are fully espntative of stratified unproductive
conditions as observed in the Mediterranean Seaummer, in winter, a fast nutrient
consumption led to heterotrophic conditions tha aot representative of this productive
period. As such, extrapolation of results obtaidedng this deployment must be done with
caution.
4.2 Methodological considerations

Although PLFA are useful to understand the fundtignof a community or an
ecosystem, particularly when combined with stabtgéape analyses (Middelburg, 2014), the

low daily sampling volume (~ 4 L due to necessampgling restrictions) under these low
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nutrient concentrations and phytoplankton biomasseade the determination and
guantification of PLFA rather difficult. Neverthelg despite these methodological
difficulties, **C incorporation was successfully traced througfedéht phytoplankton groups
and heterotrophic bacteria, showing an active catlkansfer between these compartments. It
must be stressed that, in order to draw a full budd carbon transfer in these communities,
13C labelling of dissolved organic carbon (DOC) wohke provided important information
in these oligotrophic areas. HowevE(C-DOC in seawater remains very difficult to measure
under high-labelled DIC concentrations. Furthermaiéhough PLFA are good taxonomic
markers, most are shared by several phytoplanktmnpg and the PLFA composition of each
species present in the studied community shoulkhbg/n to avoid misinterpretation (Zelles,
1999). In the Mediterranean Sea, few studies haea loonducted on the attribution of PLFA
to specific phytoplankton groups, therefore a coreteve approach using a few broad
phytoplankton groups, selected on incorporationepas, was used to obtain group-specific
information. The conversion factors, used to esemzarbon biomass from the measured
PLFA concentrations, were based on data from plamdgon strains sampled from estuaries,
productive areas or nutrient-replete cultures. Hais certainly introduced uncertainties in our
estimates of biomass and production, but converfgotors are inevitable to quantitatively
decipher carbon fluxes. Complementary laboratoungiss should be performed to improve
PLFA attribution to relevant phytoplankton grouggiee Mediterranean Sea and to estimate
proper conversion factors. Nevertheless, as id@ntonversion factors were used among
mesocosms, this implies that they could not bearsiple for the absence of @@ffects in
our studies (see thereatfter).

Finally, although mesocosms are often considereceiperimental ecosystem closest
to the “real world” (Riebesell et al., 2013), thene not exempt of complications due to local

heterogeneity of plankton populations. While in suen in BC, starting conditions were
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rather homogeneous among mesocosms (see Figuie |&jge variability between rates
estimated in the three control mesocosms was obdeturing the more productive period in
winter (see Figure 6), most likely due to a strangeterogeneity of plankton populations at
that period of the year. This supports the choitéaving several control treatments to
characterize this natural variability. Finally, akeady mentioned previously, during this
experiment in winter, nutrients were rapidly congainfeading to unrepresentative conditions
in mesocosms as observed to ambient conditiomsolit of the scope of this paper to discuss
further these experimental uncertainties relatedh& use of mesocosms in dynamics and
heterogeneous plankton communities.
4.3 Ocean acidification effect on carbon transfer

Net community production and phytoplankton groupesfic production rates,
biomasses based on PLFA as well as dependenciesnsiimers on resources obtained
during the two experiments did not show any sigatffit relationship with increasingCO,
levels. This is consistent with the other measurem®f community production through
bottle incubations (®light-dark and'®0, C labelling; see Maugendre et al., in press, this
issue). The absence pCO, effect on biomasses based on PLFA concentrationsalso
consistent with the resilience of plankton commesibased on pigment and flow cytometry
analyses (Gazeau et al., sbm b, this issue; Cadussi, in press, this issue). The zooplankton
isotopic signature at the end of the experimerB@did not show a significamdCO, effect
although the highest GQevels tended to have lowas*>C for both species collected. This
tentatively suggests a reduced or delayed trawnsfexcently fixed carbon up the food web at
the highest C®levels (> 1000 patm), which is not foreseen uthtd end of the century.
Freshly exported particulate matter was not sesesith increased CQevels in BC. This is
coherent with the fact that no effect was measuwadcommunity and group-specific

production rates. In contrast, labelling of setfliparticles in the Bay of Villefranche showed
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a significant decrease with increasipGO,. Considering that none of the other considered
processes was significantly affected by an increag€0O, and that cumulative labelling at
the end of the experiment was not &d@pendent, a clear explanation of the nature isf th
negative effect over the course of the experimentccnot be provided and has to be taken
with caution.

To date, only one mesocosm experiment, conductédgimlatitude waters, followed
the same™C enrichment protocol (De Kluijver et al., 2013)urihg this experiment in the
Arctic (hereafter referred to as Svalbard), thee@# of ocean acidification on production
rates and carbon fluxes were subtle and dependdideogrowth phase considered (before or
after nutrient addition; De Kluijver et al., 20IBanaka et al., 2013). During the first 12 days
of the experiment (before nutrient addition), neriti (nitrogen as nitrate and nitrite as well as
phosphate) concentrations were close to or belotectien limits of the conventional
methods. This suggests very low levels and a dammaf slow-growing phytoplankton as
during our summer experiment. Although chloroplaytioncentrations were similar between
the experiments in BV and in Svalbard, POC conegintis were 2 to 3 times higher in
Svalbard (~ 20-30 pmolt; Schulz et al., 2013) than in BV (~10 pmot;LGazeau et al.,
sbm b, this issue). In all three experiments (B&,a8d Svalbard; Schulz et al., 2013; Gazeau
et al., sbm b, this issue), phytoplankton commasitwvere composed of small species such as
haptophytes but communities differed by the preseont other small species such as
cyanobacteria (mostligynechococcus spp.) in BC and pelagophytes in BV that were absen
not reported as such in Svalbard where nano- awd-ghytoplankton were reported
(Brussaard et al., 2013). In Svalbard, although N&Pdid not change with increasipgO,,
group-specific production rates of fast-growing atow-growing phytoplankton tended to
respectively increase and decreasep@€, increased under nutrient-limited conditions

(before nutrient addition). Therefore, despite &amichlorophyll a concentrations, the
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plankton community in Svalbard was more affected dbgvatedpCO, than during our
experiments. It must be stressed that nutrienttditioins were much stronger during our
experiments, especially regarding £Qhat remained 3 to 10 lower than levels measuted i
Svalbard at the start of this experiment.

While it appears evident that the response of pankcommunities to ocean
acidification depends on environmental conditioagy.( nutrient levels), a recent study has
highlighted the preponderant role of the commurstyucture (Eggers et al., 2014).
Phytoplankton species have several carbon contemtranechanisms (CCMs) that are
species-dependent (e.g. Rost et al.,, 2008, ReerfelD11). The initial ratio of diatoms,
dinoflagellates and cyanobacteria could thus beomsible for large differences in the
response to ocean acidification (Eggers et al.420h contrast to laboratory results (Sala et
al.,, 2015) on plankton communities from the Nortkteen Mediterranean Sea, our
experiments suggest that production and biomassnatfiral assemblages with large
proportion of haptophytes, cyanobacteria (mos$iyechococcus spp.) and other small
phytoplankton species will most likely be insengtto ocean acidification.

The fact that no effect of ocean acidification wdetected, in two experiments
performed at two locations and seasons in the Madtern Mediterranean Sea, for the great
majority of measured parameters and processeseris aoherent considering the strong
nutrient limitations observed during these expentse As far as mesocosms can be
considered as representative of natural conditioms; findings suggest that ocean
acidification would have a limited effect on plaokt communities structure and carbon
transfer within pelagic compartments in oligotrapareas fopCQO, level expected by the end
of the century. In addition, the different respansaebtained between the two oceanic
provinces that have been compared (AresidViediterranean Sea) shows the need to consider

a regional approach while studying the biologiedponse to climate change (Hader et al.,
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2014). In fact, temperature, nutrient availabilfpyankton community composition and other
unidentified parameters are major environmentallaobbgical aspects that control the effect
of human-induced perturbations such as ocean matidn. Finally, although some
methodological improvements are still necessarpe@slly in oligotrophic unproductive
areas, the use 61C enrichment combined with PLFA identification rénsaa very attractive

method to estimate group-specific production rates carbon transfer in mesocosms.
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Figure 1: AverageAd™®C (+ SD) in the nine mesocosms deployed in a) thg & Calvi in
summer 2012 and b) the Bay of Villefranche in wir2613, for dissolved inorganic carbon
(DIC; black points), particulate organic carbontie water column (POC; black squares),
fast-growing phytoplankton (Phytol; light green aams), slow-growing phytoplankton
(Phyto2; dark green points) and heterotrophic vec{erange squares).

Figure 2: **C-biomass (umot°C LY) in the nine mesocosms (C1 to P6) deployed irBine
of Calvi in summer 2012 for a) fast-growing phytmkton (Phytol), b) slow-growing
phytoplankton (Phyto2), c) heterotrophic bacterid d) settling particles.

Figure 3. Average biomass concentration in all nine mesosodeployed in the a) Bay of
Calvi (summer 2012) and b) and c) in the Bay oflefiianche (winter 2013) based on
phospholipids derived fatty acids (PLFA) concentrad for fast- and slow-growing
phytoplankton (Phytol and 2, respectively) androétephic bacteria.

Figure 4: Cumulative production based on bulk organic car{BiCP-C; top) and
phytoplankton group-specific production (bottomlj frircles: fast-growing phytoplankton or
Phytol, empty triangles: slow-growing phytoplankton Phyto2) as a function of mean
partial pressure of CQevels (meapCQO,) in each mesocosm over the experimental period in
the Bay of Calvi (left panels) and Villefranchegfrt panels).

Figure 5: Final isotopic signature\6**C in %o) of the zooplankton speciPsracalanus spp.
and Oncaea spp. as a function of average partial pressur€®©f (pCO,) levels in each
mesocosm over the experimental period, during xipe@ment conducted in the Bay of Calvi
iIn summer 2012.

Figure 6: *C-biomass (umot°C LY in the nine mesocosms (C1 to P6) deployed irBte
of Villefranche in winter 2013 for a) fast-growimpytoplankton (Phytol), b) slow-growing

phytoplankton (Phyto2), c) heterotrophic bactend d) settling particles.



Table 1: Final ratio ofA8**C enrichment and results of linear regression éndifferent particulate organic compartments inBag of Calvi (at
day 20) and Villefranche (at day 9, except for r@tephic bacteria: at day 6). Bulk particulate amig carbon (POC), fast- and slow-growing
phytoplankton groups (Phytol and 2, respectivetyJ heterotrophic bacteria (bact), relative to fifi@ enrichment of dissolved inorganic

carbon (DIC) or all phytoplankton (Phytol + Phytd2]p: not determined.

cCi C2 C3 P1L P2 P3 P4 P5 P6 praue

Bay of Calvi

AS'C-POC A3*C-DIC 0.48 0.54 0.49 0.55 0.56 0.58 0.55 0.61 0.51 0.36,0.16
AS'*C-Phytol /AS**C-DIC 0.90 0.77 0.82 0.85 0.88 0.75 0.70 0.89 0.81 -0.15,0.35
A8 C-Phyto2 /AS™*C-DIC 0.77 0.60 0.75 0.74 0.80 0.72 0.72 0.75 0.71 0.05,0.45

A8™C-bact As*“C-all phytoplankton 1.07 0.70 0.95 0.63 0.80 0.66 0.72 ND 0.84 -0.21,0.31

Bay of Villefranche

AS™C-POC AS™C-DIC 0.68 0.94 0.77 0.73 0.93 0.84 1.04 0.82 0.78 -0.01,0.49
A8*C-Phytol /A*°C-DIC 1.11 1.26 1.06 1.03 1.27 1.13 1.31 1.09 0.98 -0.40,0.14
A8 C-Phyto2 /A*°C-DIC 0.95 1.08 0.87 0.79 1.10 0.92 1.12 0.92 0.77 -0.39,0.15

A8™C-bact As*“C-all phytoplankton 0.65 0.71 0.70 0.89 ND 0.89 ND 0.75 0.83 0.45,0.16




Table 2: Stepwise multiple regression analysis betweemestid parameters/processes and environmental parardering both experiments.
Estimated parameters/processes were biomassest ahfh slow-growing phytoplankton (Phytol and 2pesetively) and heterotrophic bacteria,
3¢ content of settlings particleSC-sed) and production rates based on particulg@nic carbon labelling (NCPC) as well as group-specific
(fast-growing phytoplankton: PP-Phytol and slowwgrm phytoplankton: PP-Phyto2) production ratesxggphospholipids derived fatty acids
(PLFA) biomarkers. Environmental variables: salini®), temperature (T), dissolved inorganic nitrogad phosphorus (nitrate+nitrite: NO

ammonium: NH" and phosphate: R®), and partial pressure of GQPCO,) (p < 0.05 *;p < 0.01 **; NS non significant).

Bay of Calvi Bay of Villefranche
F Adj¥ dF Overall Variables Sign p-value| F Adjr* dF Overall Variables Sign p-value
p-value p-value
Phytol 21.19 0.29 96 <0.001 T** + <0.001L3.47 0.17 23 0.048 NP + 0.033
NO** + 0.004
Phyto2 484 0.49 96 <0.001 T** + < 0.00INS
NQ** + <0.001
NH," - 0.012
Bacteria 16.1 025 88 <0.001 N& + 0.004 NS
T** + <0.001
C-sed 228.2 0.85 77 <0.001 T* +  <0.00129.22 0.81 27 <0.001pCOM* - <0.001
NO* + 0.034 NH" - 0.019
PG> - 0.0021
S** + <0.001
NCP-C 12.02 0.13 141 <0.001 S - 0.07 24.530.58 49 < 0.001 NO** - <0.001
T - 0.10 T** + 0.004
S** - <0.001




PP-Phytol 7.15 0.12 85 0.00135T** 0.0003 | 40.29 0.80 35 < 0.001 NO** <0.001
PQ** 0.12 T* 0.0017

NH* 0.0014

i < 0.001

PP-Phyto2 4.4 0.10 85 0.0065 T** 0.001| 13.3D.55 36 <0.001 NO** < 0.001
i 0.010 T* 0.019

PQ* 0.041 SH* < 0.001




Table 3: Modelled growth rates {iJ for the two phytoplankton groups (fast- and signewing phytoplankton groups, Phytol and 2,

respectively) and heterotrophic bacteria, in thg 8aCalvi (summer 2012) and in the Bay of Villeiche (winter 2013).

Growth rate Mean = SD

Bay of Calvi

Phytol 0.38 0.03
Phyto2 0.16 0.01

Bacteria 0.14 0.01

Bay of Villefranche
Phytol 0.37 0.04
Phyto2 0.14 0.01

Bacteria 0.65 0.01
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