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Abstract

There is a growing international interest in stadyihe effects of ocean acidification
on plankton communities that play a major roleha global carbon cycle and in the
consumption of atmospheric G@a the so-called biological pump. Recently, saler
mesocosm experiments reported on the effect ofroaeification on marine plankton
communities, although the majority were performeeutrophic conditions or following
nutrient addition. The objective of the presentgtwas to perform two mesocosm
experiments in the oligo- to meso-trophic NorthwestMediterranean Sea during two
seasons with contrasting environmental conditionsummer 2012 in the Bay of Calvi
(Corsica, France) and in winter 2013 in the Bayidefranche (France). This paper describes
the objectives of these experiments, the studg,dite experimental set-up and the
environmental and experimental conditions durirgttho experiments. The 20-day
experiment in the Bay of Calvi was undoubtedly espntative of summer conditions in the
Northwestern Mediterranean Sea with low nutrierdt @morophylla concentrations, warm
waters and high surface solar irradiance. In cehtthe winter experiment, which was
reduced to 12 days because of bad weather corglifimited to reproduce the mesotrophic
conditions typical of the wintertime in this aréadeed, a rapid increase in phytoplankton
biomass during the acidification phase led to angtrdecrease in nitrate concentrations and
an unrealistic N and P co-limitation at this peraddhe year. An overview of the 11 papers

related to this study and published in this spasgle is provided.



1. Introduction

1.1. Context and objectives

During the last 150 years, human activities, thiotige combustion of fossil fuels (oill,
gas and coal) and land use change, have led taortant release of carbon dioxide (§O
to the atmosphere. With an average annual uptakegithe period 2003 to 2012, of 2.5 +
0.5 GtC (~26.3% of anthropogenic emissions; Le @e¢al., 2014), the oceans substantially
contribute towards slowing down the increase incsjpheric CQ concentrations, and
therefore towards slowing global warming. Howeveis massive C®input induces global
changes in seawater chemistry referred to as "oaewlification” because increased £0
lowers seawater pH (i.e., increases its acidity) a@erage, the pH in ocean surface waters
has already decreased by 0.1 since the beginnitiggandustrial era, equivalent to an
increased acidity of 26% (Ciais et al., 2013). Adaag to recent projections, an additional
decrease is expected by 2100, ranging from 0.063®, equivalent to an increased acidity of
15 to 110%, depending on the considered €Mission scenario (Ciais et al., 2013).

Over the past two decades, there has been a rapailing interest in the potential
effects of ocean acidification and associated nicattibns of the carbonate chemistry on
marine pelagic and benthic organisms (Kroeker.e28ll3). Early laboratory experiments
mostly focused on the response of single speciesdan acidification (see Riebesell and
Tortell, 2011 for a comprehensive review), therefoeglecting the influence of competitive
and trophic interactions on single species respgorskas become more and more evident
that experimentations at the community level aeeesal if we are to understand how ocean
acidification will impact diversity and functioningf marine ecosystems. Natural high-CO
environments can provide crucial information on¢fffects on ocean acidification on trophic

and competitive interactions. However, the numbeuch sites is limited and does not allow



testing for the effects of ocean acidification diarge variety of communities and
ecosystems. Moreover, because of high spatialeangddral variability in pH in those
peculiar environments, it is difficult to determiaeeliable dose-response relationship, and
eventually identify thresholds or tipping pointgadly, while these natural laboratories have
provided very important insights on the sensitivfypenthic communities to ocean
acidification (e.g., Hall-Spencer et al., 2008)etal advection prevents using these sites to
study plankton communities. During the last decadeje ocean acidification experiments
have been performed at the community level by me&pslagic mesocosms. Mesocosms are
defined as experimental enclosures from 1 thoutasdveral thousands of litres that allow
the maintenance of natural communities under dosetural conditions (Riebesell et al.,
2013a). They have been increasingly used in bathtagand terrestrial ecology, especially in
the framework of research on anthropogenic disnobsa (Stewart et al., 2013).

Regarding ocean acidification research, the firss@meosm experiment was conducted
in 2001 as part of the Pelagic Ecosystem E@richment (PeECE; Engel et al., 2005).
During this experiment, thrggC O, levels (glacial: 180, present: 370 and year-2Y00:
patm) were tested in the coastal North Sea (Befgenyay), and a coccolithophore bloom
was initiated by addition of nitrate and phosph&tain outcomes from this study were (1)
resilience of net community production and decredset community calcification and
organic matter export with increasipgO. (Delille et al., 2005) and (2) changes in the
uptake stoichiometry and cell-specific growth rgtesgel et al., 2005). This experiment was
repeated in 2003 (PeECE II; see Grossart et d@6)28nd in 2005 (PeECE lll; see Riebesell
et al., 2008), generally proving the suitabilitytbése mesocosm techniques to study the
effect of ocean acidification on plankton commuestibut also highlighting some
discrepancies between the responses observed deitigree experiments (e.g., no effect on

net community production during PeECE I: Delilleaét 2005; increase in carbon drawdown



during PeECE lll: Riebesell et al., 2007). Otheperkments using small mesocosms (3,000
L; Kim et al., 2008) were conducted in coastal \natd Korea, to test for the effect of ocean
acidification whether in isolation (Kim et al., 280or in combination with ocean warming
(Kim et al., 2013; Kim et al., 2011). Kim et al0O@6) showed, over a 14 days experiment
with nutrient addition on day 8, no significant ensement of organic carbon (dissolved and
particulate) production between the Q@atments although two diatom species increased i
growth rate during the nutrient replete phasephmg 2009, six large mesocosms were
deployed in the coastal Western Baltic Sea and emriehed with nitrate and phosphate at
the start of the experiment (Engel et al., 20142010, a similar experiment was conducted
in the framework of the European project on Oceaitlification (EPOCA,

http://www.epoca-project.eu) when nine large frieating mesocosms (ca. 5¢;nRiebesell

et al., 2013a) were used to study the effects ean@cidification, following a gradient
approach, on plankton communities in coastal watktise Arctic (Spitzbergen). Results
showed significant sensitivity of this plankton amemity to ocean acidification with
increased particulate and dissolved organic cappoduction and autotrophic biomass,
especially after nutrient addition, approximateiftway through during the experiment
(Riebesell et al., 2013b).

All experiments presented above were performedirophic conditions or with
nutrient addition at the start or during the expemt, resulting in nitrate concentrations
usually above fimol L™ and phosphate concentrations arouncufnbl L. However, there
Is an important diversity of oceanic provinces (gbuarst et al., 1995), from the less
productive areas (ultra-oligotrophic) to very protive areas (eutrophic). About 50% of
primary production on Earth takes place in the n@though more than 60% of surface is
associated with low productivity, termed oligotraphareas. A decreased nutrient availability

and expansion of low productivity regions are petgd in a high C@world, as enhanced



thermal stratification is expected to lead to steftayer nutrient depletion (Irwin and Oliver,
2009; Polovina et al., 2008). As nutrient availiyils suspected to also have strong effects
on the community response to ocean acidificatiog. (&lare et al., 2007), there is a need to
evaluate the sensitivity of oligotrophic marine eomments to this anthropogenic pressure.
Recently, based on these considerations, a mesaaqsenment has been conducted in the
summer Baltic Sea (Paul et al., 2015). This expemninshowed significant positive effects of
increased C@concentrations on the biomass of small phytoplamkpecies without
concomitant increased sedimentation rates butratkhift of carbon partitioning towards
more dissolved organic carbon.

The Mediterranean Sea is generally considered asiguotrophic area but actually
exhibits a gradient from mesotrophic-oligotrophidhe western basin to ultra-oligotrophic in
the eastern basin (The Mermex group, 2011). lbmsilered a small-scale ocean with high
environmental variability and steep physicochemggaldients within a restricted region
(Bethoux et al., 1999). However, it presents higiainity and total alkalinity levels than the
open ocean, potentially allowing the absorptiomefe anthropogenic G@han in this latter
(CIESM, 2008). Based on satellite observationis, éstimated that the Mediterranean Sea, as
a whole, acted as a small sink of O®the 2000s (9 Mt C ¥, with the western basin acting
as a sink (11.5 Mt C ¥ and the eastern basin as a source (2.5 Mt'CTaillandier et al.,
2012).

The European project ‘Mediterranean Sea Acidifaratinder changing climate’
(MedSeA,; http://medsea-project.eu) was launche&xDitil with the objective to assess
uncertainties, risks and thresholds related to Medinean acidification at organismal,
ecosystem and economical scales. In the framasptbject, two large mesocosm
experiments were performed in the Northwestern kedinean Sea during two seasons with

contrasting environmental conditions. The experit®i¢mok place in June-July 2012 in the



Bay of Calvi (Corsica, France) and in February-Nta2013 in the Bay of Villefranche
(France). Both experiments gathered a multi-digt#py team composed of 20-25
participants, originating from seven different ctiigs (France, Spain, Greece, Italy, United

Kingdom, Belgium and United States of America).



1.2. Study sites
1.2.1. Bay of Calvi

The Bay of Calvi (42°35’ N, 8°45’ E) is located tire northwest coast of Corsica
(France) in the Mediterranean Sea (Fig. 1) anaiddred by the strong Western Corsican
current. This oligotrophic area is classified dprastine site” where environmental
disturbances caused by anthropogenic pressureegrdéow (Richir and Gobert, 2014). Most
of the major Mediterranean coastal ecosystemsrasept in the area with healthy benthic
(Gobert et al., 2014) and pelagic ecosystems aeocwvith a high biodiversity.

In the Bay of Calvi, STARESO « STAtion de REchegB®us marines et
Océanographiques » is the marine research stattablished by the University of Liege
(Belgium) in 1972 (http://www.stareso.com). It isn@ntly managed by the French company
STARESO SAS and also acts as a technical officatdwommunities and private customers
in the field of marine environmental impact studielse marine laboratory offers direct
access to the sea, and facilitates investigatismgyudivers, boats, and laboratories. Quality of
the results due to this proximity is enhanced wahtinuous installation of different types of
in situ probes directly connected to the laboratory (sainity, temperature, weather station).
In parallel to these high frequency measuremeimsed970, time series of physical,
chemical, and biological data (sampling at sea atttomated systems and sensors deployed
in the Bay, as well as situ experiments) have been recorded.

The Bay of Calvi, a low-runoff system opened tonioeth, which has a narrow
continental shelf with a steep canyon is influenlbgaligotrophic waters of Atlantic origin
and is under typical Mediterranean climate (noZneg temperatures in winter, dry and sunny
summer with more than 350 sun hours in July, thetreenny month). Mean monthly
precipitations range between 0 and 120 mm mbirtiluly and November respectively, with

a yearly average of 50 mm¥rDuring exceptional rainfalls (occurring mainlyspring and



autumn), freshwater inflows are significant, cagdinods with a large quantity of suspended
materials. The mean monthly air temperature rabgéseen 10 °C and 25 °C, in winter and
summer respectively. Mean monthly surface wateptrature ranges from a minimum of
12.4 £ 0.3 °C in February to a maximum of 26.6 & T in August. Mean monthly PAR
(photosynthetically active radiation) levels atribelow sea-surface present maximum
values in July (283 umol photons?s*) and minimum values in March (100 pmol photons
m? s%). External nutrient sources are limited and doratase the oligotrophy of surface
waters during the winter-spring period. In sprigga surface water warming results in a
stratification that increase in the later summenths. The water column is stratified between
May and October, and well mixed during the reshefyear. The mean depth of the
thermocline is ca. 25-30 m. The height of the wéayer and the temperature gradient depend
on meteorological events. Surface salinity tendset@bout 37-38, only modified by extreme
events (rainfalls, storms, exceptional upwellingnirthe open sea; e.g., Gobert, 2002).

A large collection of data focused on three primaigducers: phytoplankton,
macroalgae and seagraBsgidonia oceanica) has been collected over the last 40 years. As a
result, the seasonal and inter-annual dynamidsesfet major primary producers related to
environmental parameters (temperature, wind, mitdencentrations) are well known in the
Bay (Bay, 1984; Champenois and Borges, 2012; Gabet, 2003; Lepoint et al., 2002).

The Bay of Calvi is representative of an oligotrigatone with low chlorophyl&
concentration (< fug Chla L™) except during the bloom period. Depending onyeer, with
large inter-annual variability, the principal bloayanerally occurs in February, March or
April. The transfer of nutrients from deeper layemainly controlled by hydrodynamic
processes such as coastal upwellings and turbmlieimg generated by the wind, can be

responsible for a plurimodal shape of plankton bleqGoffart et al., 2002; Skiliris et al.,



2001). Variations of surface temperature, salimtyyient and chlorophyl concentrations in

2012 are shown in Fig. 1.

1.2.2. Bay of Villefranche

The Bay of Villefranche is located in the northeart of the Ligurian Sea (NW
Mediterranean Sea; Fig. 1). Close enough to thst@a outside the Bay, a strong current
moves along the French Riviera. This so-calledh®ort current is cyclonic, running from
east to west. Occasionally it enters the Bay, wheésilts in continuous water renewal (Nival
and Corre, 1976). To the north, the Bay is shalle8 m) and bathymetry then plunges
rapidly to a depth of 80-100 m at the entrance nmakie transition to the open sea very sharp
with no shelf. Thanks to a monitoring station a émtrance of the Bay (“Point B”, 43°41.10’
N, 7°18.94’ E; 85 m water depth), all basic phyksibgdrological, chemical and biological

parameters are sampled weekly (http://www.obsfuliRade/).

Several studies (e.g., Bonilla-Findji et al., 20BQstillos-Guzman et al., 1995;
Garcia-Comas et al., 2011; Vandromme et al., 2@&p)cted hydrological seasons with
coldest months in February and March (~13 °C omdn@nogenous water column) and
warmest months in July, August and September (stititified water and temperatures above
25 °C in the shallow surface mixed layer). Accogdia Bustillos-Guzman et al. (1995) and
Bonilla-Findji et al. (2010), based on a stratifioa index, there are three types of periods
differing with respect to water column stability) @ summer stratified period, (2) mixed
periods and (3) semi-mixed periods (for spring &llewinter conditions). Transition regimes
in between can occur over very short periods oétiklthough there is a strong inter-annual
variability, water stratification begins typicality March and is followed by a phytoplankton
bloom. Nitrate maxima occur in winter, with valugenerally ranging from 0.5 toj@nol L™
(Vandromme et al., 2011). Chlorophglimaxima occur in winter and spring, with values

generally ranging from 0.35 to 0.6@ L. According to nitrate and chlorophyllat Point B,
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the entrance of the Bay of Villefranche is not kgatrophic as the open ocean but still
oligotrophic enough to represent well the open nd&heldon et al., 1992). The site where
the mesocosms were installed is characterized [atamation of sandy spots and beds of the
seagras®osidonia oceanica, a very active species in the Bay. Variationsurface

temperature, salinity, nutrient and chloroplayioncentrations in 2013 are shown in Fig. 1.

2. Material and Methods

2.1. Large clean mesocosms

Nine mesocosms were deployed in the Bay of Cahdwre 18 2012 (BC; 42°34'48"
N, 8°43'33" E) and in the Bay of Villefranche onlffaary 18' 2013 (BV; 43°41'49" N,
7°18'43" E).

The mesocosms were the same as the ones fullyiloe$an Guieu et al. (2014; Fig.
S1). Mesocosms were made only with plastic materitey consisted of large bags made of
two 500um thick films of polyethylene mixed with vinyl a@e (EVA, 19%) with nylon
meshing in between to allow maximum resistancelight penetration (produced by
HAIKONENE KY, Finland). They were 2.3 m in diametand 12.5 m in height for the
cylindrical part, and 2.2 m for the conical partreg bottom for a theoretical final water
volume when filled of ~50 f(Fig. S1). In order to preserve the structurenefsurface
waters and work in clean condition as much as ptessihile filling the bags, the bags were
built in two parts: (1) a main cylinder (2.3 m diater) ending with a diameter reduced to 1.5
m and (2) a bottom cone ending with a sediment(sap description thereafter). In order to
strengthen the main cylinder and to maintain tHmdgical shape for the duration of the
experiment, the whole structure was rigidified tkato five large rings made from

polyethylene (PE) 40 mm diameter tubes. At thedmotbf the main cylinder and at the top of
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the cone, two polyvinyl chloride (PVC) circles (@ an width) were installed, thereby
sandwiching the plastic bags.

Each bag was held thanks to a ‘drum’ structure alade with PE tubes 40 mm in
diameter. Each bag was hold at several pointsedetrel of the upper ring and at the level of
the ring just below the surface of the sea: tHmaad us to avoid having tension applied
directly to the bags. A group of three mesocosimadiire + bag) were assembled (named
hereafter a cluster; Fig. 2) and towed by boah&mooring site (25 m depth). Each cluster
was moored using three anchor screws installe@Gft 4f each other and connected to sub-
surface buoys, which were themselves linked tcaserbuoys (Fig. S2). Clusters were
positioned at a minimum of 15 m from each othele Tamplete setup was a solid mooring
capable of absorbing the sea swell while maintgimisupple and strong structure and
ensuring that no tension was applied directly solihgs. Finally, in order to avoid
atmospheric deposition, the top of the mesocosme wevered with ultra violet (UV)-
transparent ethylene tetrafluoroethylene (ETFEjs@lig. S1), except for periods of
sampling during which the roofs were partially opegnThese covers were elevated to ~10 cm
above the top of the ‘drum’ holding the bags, alluywair to circulate in order to avoid a
confinement effect in the trapped water.

The following days, the cylindrical bags were bstiéal to fill them with ambient
seawater. For that purpose, the opened bottom R&t€spof the bags were lowered carefully
to 12 m depth. A5 mm mesh-sized screen attachtdgetbottom plates excluded larger
organisms. Four small ballasts were temporarilgchied to the PVC bottom plate allowing
the main cylinder to gently, but rapidly (L0 min), deploy vertically with the assistance of
one diver. The deployment of all bags were perfarioe the same day within 8 h.

In order to minimize differences in starting cormhs between enclosed water bodies

in the nine mesocosm, they were left open at thiivofor 24 h allowing free exchange with
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the surrounding waters and closed by divers asafapbssible (closing of all bags within 8
h). Closing involved screwing a conical bottomret bottom after removing of the mesh.
During the entire installation, the divers followedtructions to remain away from the inside
areas of the bags in order to minimize disturbarid¢be captured waters, particularly from air

bubbles.

2.2. Acidification and **C-addition

Among the nine deployed mesocosms, six were matdifi¢erms opCO, following
a gradient slightly different in BC and BV (see Tab), as a consequence of different
ambientpCO; levels in the two sites at the two different pdsadi.e. ~ 450/s. 350patm in
BC and BV, respectively). In BC, the six targetézlsatedpCO; levels were P1: 550, P2:
650, P3: 750, P4: 850, P5: 1000 and P6: 1. In BV, the levels were P1: 450, P2: 550,
P3: 750, P4: 850, P5: 1000 and P6: 1g&0n. As can be seen in Fig. 2, each cluster
contained one control mesocosm and was accomphpiadnedium and a higfCO; level
(cluster 1: C1, P1, P4; cluster 2: C2, P2, P5 &mster 3: C3, P3, P6). These elevgie&D,
levels were reached by adding various volumes of €2@urated seawater (Table 1). To do
so, at both sites, seawater was pumped near thecosss and sieved onto a 5 mm mesh in
order to remove large organisms. In a 600 L tanke €Q was actively bubbled for several
minutes in order to achieve saturation (Fig. 3AJ aater was transferred in 25 L plastic
containers for addition to the mesocosms. Frono#adre than 300 L were added, depending
on the targetedCO; level (Table 1). A diffusing system (Fig. 3B, @mmected to 15 m tube
(via a garden hose) and a membrane pump (Jabssa)sed to ensure a perfect mixing of
this CQ-saturated seawater inside the mesocosms. Theiddfisystem consisted of an
empty epoxy ball (15 cm diameter) in which manyrh imoles have been drilled in order to
disperse water as with a shower head. The diffuspstem was slowly moved up and down

during the injection over the entire depth of thesocosms. In order to minimize the stress
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induced by the addition of large quantities of acidater, the acidification of the mesocosms
was performed over four days.

During the last day of C{saturated seawater additidfC sodium bicarbonate
(NaH"COs; 99%) was added to each mesocosm to increase-tesignature of dissolved
inorganic carbon pooBtC-DIC) to ca. 200%. in BC and 100%o in BV. In BC, day 11, a
second addition of NatCO; was performed to better constrain production ratesresulted
in an enrichment of ca. 250%.. This was performedrder to follow the incorporation of
carbon by the phytoplankton community and to tigg&ansfer to bacteria, zooplankton and
sinking organic matter. Furthermore, the combimati&™*C stable isotope labelling with
biomarkers analyses was used to determine produktes at group-specific level (see
Maugendre et al., in press, this issue-a, for rdeteils). On June 342012 (in BC) and
February 21 2013 (in BV), the targeteplCO, levels were reached and the experiment started

(day 0).

2.3. Sampling timing and procedures

Sampling from the mesocosms and from the extemat@ament (OUT) took place
on a regular basis. Each cluster of three mesocasssimultaneously sampled from a
plastic platform by a team of two scientists (D). Overall, one sampling sequence
duration was less than two hours. For most of tHrarpeters and processes, depth-integrated
(0-10 m) samplings were taken by using 3x integgatvater samplers, IWS (HYDRO-
BIOS®©; Fig. 3E). The IWS units were hanged on alKegordage and downcasts were
performed manually at a regular speed of 10 crit aéter rinsing it outside the mesocosms.
The sampling schedule including the amount of weéenpled every day is presented in
Tables 2 and 3. The complete list of parametergpanckesses measured during the two
experiments is presented in Table 4. All processse measured based on samples taken

before sunrise: 4:00 in BC and 5:00 in BV (localé¢s). Processes influenced by light were
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incubatedn situ on an incubation line, moored near the mesocobragbations took place at
the depth of mean irradiance over the 12 m deptheofmesocosms (6 m for BC and 4 m for
BV). These incubations were performed for measunigtgcommunity production, gross
primary production’€O-technique; only in BC), carbon fixatioH'C; Maugendre et al., in
press, this issue-b), as well as nitrogen fixa{Rees et al., in press, this issue). Incubations
for bacterial production (Celussi et al., in prebgs issue) and community respiration
(Maugendre et al., in press, this issue-b) wertopeed in a laboratory incubatoriatsitu
temperature (ca. 21-2%& for BC and ca. 13C for BV). During both experiments, other
samples were taken daily at 8:30 and every 2 diay8:80 (see Tables 2 and 3). Among all
parameters/processes considered during these pesigents, only water column DOC
measurements were associated with very importariaognations, most likely due to the
chosen sampling protocol by means of IWS.

Sampling for the microlayer was performed usingecsl tube of quartz (Ebling,
unpublished) and was performed every 2 days ongescluster (C3, P3, P6). The same
cluster was also sampled by the mean of a Teflompp{Bt-Gobain Performance Plastics)
activated by the pressurized air from a diving tdolkcollect surface (~15 cm) samples to
characterize aerosols emissions (Schwier et al., 2015).

Weather permitting, conductivity-temperature-de(@i D) casts were also performed
on a daily basis in each mesocosm and in the ea{tenvironment. A Sea-Bird Electronics
(SBE) 19plusV2 system was operated with severdigg@laced in a laminar flow entrained
by a pump — temperature and conductivity cellssalised oxygen sensor (SBE43) and
fluorometer for chlorophyla (WetLabs WetStar) — together with external senebsdrain
gauge, upwelling irradiance (Biospherical QSP230@) pH (SBE18). The system logged
measurements on a regular data stream at 4Hz 148 pea second). The CTD, set up without

protection cage to avoid any steel contaminaticas hhanged on a Kevlar cordage and 12 m
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depth downcasts were performed manually at a regpkeed of 10 cm séafter a soaking
phase long enough to relax the thermal inertiseokers. The data streams per mesocosm
were processed by a unique methodology set up SemBird recommendations, and
provided 0.25 m resolution continuous profilest@mperature, salinity, density,O
chlorophylla and pH. pH values expressed in the NBS scale emrected and expressed on
the total scale using values of dissolved inorgaarbon Cr) and total alkalinity A7) based

on integrated samples (see section 2.5.2).

Collection of sediment traps was performed by &d({fFig. 3F, G) on a daily basis in
BC (Table 2) and less regularly as a consequenbadfveather conditions in BV (Table 3).
On each occasion and for each mesocosm, diveocsvedl the same procedure: (1) hitting the
cone of the mesocosms in case some sinking mateagtetained on the walls, (2) waiting
for 15 minutes, (3) closing the collector (Fig. S@&) collecting the 250 mL flask screwed to
the trap system, (5) immediately replacing the dathflfask by a new empty one and (6)
opening the collector again. All mesocosms werepsadnwithin 30 min. Back in the
laboratory, samples were immediately preservedaH &uffered formalin solution (5%).

In BC, a final zooplankton net haul (200 um megeswas performed in each
mesocosm at the end of the experiment. UnfortupateBV, on March #, a storm caused
non-repairable damages to the bags and no zooplankt haul could be performed. In BC,
samples were immediately preserved in a pH buffesedalin solution (5%).

All data collected during the two experiments aeely available on Pangaea, Bay of

Calvi: http://doi.pangaea.de/10.1594/PANGAEA.81038a1 Bay of Villefranche:

http://doi.pangaea.de/10.1594/PANGAEA.835117.

2.4. Volume and air-sea fluxes measurements
The volume of water enclosed in each mesocosm stasaed following the

procedure based on salt addition described by @=zdral. (2013a). Since no nutrient

16



addition was performed during our experiment, intcast, for instance, to the mesocosm
experiment conducted in Spitzbergen (Riebesell. €2@13b), there was no real need to
estimate the volume of the bags at the start oékiperiment. In order to avoid potential salt
addition effects on the plankton communities trapipethe bags, it had been decided to
estimate these volumes at the end of the experim&hts was done on July"1Bnd 18" in
BC. Unfortunately, as a consequence of a stormdéuataged the bags and forced stopping
the experiment in BV on MarchH"7volume measurements could not be performed. In BC
volume measurements were performed based on thigoadaf 25 L of a brine solution at a
salinity of 79.77 to each mesocosm. The salinitthef solution was carefully quantified
based on a calibration curve performed in the Latoine d’Océanographie de Villefranche in
July 2012, following the procedure described byrGyet al. (2013a). Briefly, a volume of
10 mL of this solution was added to 0.5, 1, 2, 4@ 20 L of seawater collected in BV and
salinity was measured before and after additioth@frine on an autosalinometer
(Guildline®©). In BC, the brine solution was prepéie the same 600 L tank used for the
preparation of C@enriched seawater. The 25 L of brine were thereddd the bags using
the same diffusing system as for acidification. ld@er, in contrast to C&saturated water
addition, the diffusing system was hauled onlyhia tirst 5 m of the bags in order to avoid
the production of high-saline/high density watethat bottom of the bags. The volume of
each bag was then calculated as a function ohttrease in salinity, as measured by CTD
profiles before and after brine addition. The votuai each bag was back calculated to the
start of the experiment, assuming the mass of/aalkd as a consequence of water removal
(sampling) and water addition (acidification), tlling the equation:

Vi St + V5S¢ — VaSour
St—l

Vi, =

where \{.; and \f are the volumes at day t-1 and day t , respegti&ls the averaged

salinity measured at day ts\V the volume of water sampled at day 1,38/the amount of
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water added andoBr is the salinity of the external environment, usadhe preparation of
the CQ-saturated water.

The volume of water lost via evaporation throughtbetexperiment was then
calculated as:

E = Vlinal — Vinitial + Vs — Va

Air-sea gas exchanges were estimated in one bggl{€ihg each experiment at day -
1 (last day of C@saturated water addition), following the proceddescribed in Czerny et
al. (2013b). A volume of one litre of saturateglCNsolution was prepared by bubblingON
(Medical grade, Air Liquide, 98% pure) for two dagdiltered seawater sampled at the
vicinity of the mesocosms. This,® saturated solution was mixed with 25 L of seawate
sampled from mesocosm C1 and added to the mesaciamthe diffusion system described
earlier. Samples for nitrous,®® concentrations were collected with the IWS evexy days,
distributed in 50 mL glass serum bottles, poisongld 100 ul of saturated Hgeand sealed
with butyl stoppers and aluminium caps.

The flux of NO (Fn20) Was computed from the slope i nmol L* d™) of the linear
regression between .8 concentration (nmol ) and time, based on three consecutive
measurements, and the depth of mesocosm (d ingujding to:

Fnoo=axd
where R0 is given in umol rif d™.

The gas transfer velocity normalized to a Schmighber of 600 Ksoo in cm h') was
then computed according to:
keoo = Fnzo / AN2O
whereANO is air-sea gradient of & computed from the average dissolvedDNrom the
three consecutive measurements, an@ Mt saturation based on,M atmospheric partial

pressure and #D Henry’'s constant (Weiss and Price, 1980).
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Eachkgoo value was related to the wind speed averagedh&period corresponding to

the three consecutive measurements.

2.5. Analytical methods
2.5.1. Surface measur ements

During the two experiments, surface photosynthattive radiation (PAR) and
atmospheripCO;, have been measured continuously, between JuharBJuly 18 in BC
and during the entire experiment in the BV. In BCthe equipment was installed on the
Revelatta lighthouse (42'34'59” N, 8°43'28” E) and top of the Laboratoire
d’Océanographie de Villefranche in BV (43'41'47” R,18'26” E). Irradiance was measured
by a LI-192SA quantum sensor (LI-COR®) connected td-1400 (LI-COR®) data logger.
AtmospherigpCO, was measured using a non-dispersive infrared maygser (LI-820, LI-
COR®) connected to an air pump (LI-670 Flow Contdait, LI-COR®) maintaining an air
(dried using magnesium perchlorate) flow to the ayzalyser of 1 L min. The LI-820 CQ
gas analyzer was calibrated every 4 days withradata two-point calibration (0 and 375
ppm). The “375 ppm” point was obtained by flowin¢daied) gas mixture with a certified
CO, molar fraction of 375.2 + 0.5% (Deuste Steiningeryl the “0” point by flowing the
same gas mixture from which all the @®as removed by means of soda lime. In BC, wind
speed and direction were recorded with a THIES@reomeeter deployed, by the University
of Liege, on top of one of buildings of the Starstation (at 11.8 m height) at a distance of
about 400 m from the mesocosms. For the experimehe BV, wind speed data (daily
averages) were obtained from the Météo Franceatatithe Nice-Céte d’Azur International
Airport (43°39'55” N, 7°12'48" E).
2.5.2. Carbonate chemistry measur ements

Seawater samples for total alkalinify( 500 mL) measurements were collected every

day in all mesocosms, filtered on GF/F membranesasalyzed within one dajr was
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determined potentiometrically using a Metronmcatitr (Titrando 888) and a glass electrode
(Metrohm®©, ecotrode plus) calibrated using first®IBuffers (pH 4.0 and pH 7.0, to check
that the slope was Nernstian) and then using TRffebsolutions (salinity 35, provided by
A. Dickson, Scripps university, USA). Triplicatéréitions were performed on 50 mL sub-
samples at 22 °C amk was calculated as described by Dickson et al.{R0a BC,

titrations of standard seawater provided by A. Bak (batch 117) yieldeflr values within

1.6 umol kg* of the nominal value (standard deviation = dn#ol kg*, n = 41). In BV, the
same procedure with batch 122 yielded accuraciépeetisions of 0.7 and Litnol kg* (n

= 28). Seawater samples for total inorganic cafl@n120 mL) measurements were
collected every day in all mesocosms and direatiggned with 2Q.L of a saturated solution
of mercury chloride (HgG). Cr was determined on triplicate 1.2 mL subsamplesguan
inorganic carbon analyser (AIRICA, Marianda®©, Ki@ermany) coupled to an infrared gas
analyser (LI-COR®© 6262). This instrument was calibd prior to sample analysis against a
certified reference material provided by A. Dickgbatch 117 and 122 in BC and BV,
respectively). In BC, the precision (SD) was fixiol kg* and the accuracy OBnol kg* (n

= 38). In BV, precision and accuracy were respetyi0.8 and 0.gumol kg* (n = 22). Al
parameters of the carbonate chemistry were detedrinlomCs, Ar, temperature and salinity

using the R package seacarb (Lavigne et al., 2014).

2.5.3. Nutrientsand chlorophyll a measurements

In BC, samples for ammonium were immediately froaed samples for silicate were
stored at 4°C pending analysis. Analyses were pedd on a Skalar autoanalyser of the
University of Liege (Belgium) within one month afteollection. In BV, samples for
ammonium have been processed directly and meabyradolorimetric technique (Holmes

et al., 1999) and a laboratory fluorometer (Trilpgyamples for the determination of silicate
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were stored at 4 °C and measured using an autczandyA3 HR, Seal Analytical) at the
Laboratoire d’Océanographie de Villefranche. Dutgh experiments, nitrate+nitrite and
phosphate concentrations were determined usingmalao techniques and a Liquid
Waveguide Capillary Cell (LWCC,; Louis et al., inegs, this issue).

For pigment analysis (including chlorophg), two litres of sampled seawater were
filtered onto GF/F. Filters were directly frozenliguid nitrogen and stored at -80 °C pending
analysis at the Laboratoire d’Océanographie deevdhche (France). Filters were extracted
at -20 °C in 3 mL methanol (100%), disrupted byisation and clarified one hour later by
vacuum filtration through GF/F filters. The extmetere rapidly analyzed (within 24 h) by
high performance liquid chromatography (HPLC) vathomplete Agilent Technologies
system. The pigments were separated and quardisiel@scribed in Ras et al. (2008).

2.5.4. Nitrous oxide measur ements

Concentrations of pO were determined at the University of Liége (Betg) via the
headspace equilibration technique (20 mlLhidadspace in 50 mL serum bottles) and
measured by gas chromatography (GC; Weiss, 198Mmh)elMctron capture detection with a
SRI 8610C GC calibrated with GELO,:N,0:N, mixtures (Air Liquide Belgium®) of 1, 10
and 30 ppm Cland of 0.2, 2.0 and 6.0 ppm®, and using the solubility coefficients of

Weiss and Price (1980), and using the equationsrdic to Upstill-Goddard et al. (1996).

3. Results

3.1. Atmospheric conditions

Surface irradiance, wind speed and atmosplp€o, levels during the two
experiments are shown in Fig. 4. In BC, surfacadiance was rather constant during the
entire experiment with minimal and maximal dailyrfsise to sunset) average values of 531

and 735umol photons nf s*. Maximum irradiance levels (~1300-14@ol photons rf s*
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were reached at around 12:00 pm and the Light:Zak(L:D) cycle was 16.5:7.5 and 16:8,
respectively at the start and at the end of therx@nt. In BV, minimal and maximal daily
(sunrise to sunset) average values of 103 anqus18 photons rif s* were recorded with a
L:D regime of 11.5:12.5, and maximal irradianceeley~300-110@mol photons rf s*)
reached at 1:00 pm. Higher daily averaged winddpeere recorded during the winter
experiment in BV with very windy conditions expereed on day 8 that prevented sampling
during that day, and even winder on day 12 andath@wving night (data not shown) that
irreversibly damaged the bags. Background levepgCad, were similar (~400 ppm) between
the two sites with much larger variations due twalaontaminations in the less remote Bay

of Villefranche, close to the city of Nice on theeRch Riviera.

3.2. Volume and air-sea fluxes estimates

As can be seen in Table 5, the volume of the bagagithe experiment in BC varied
by less than 2% as a consequence of water addiidmemoval by sampling and
evaporation. The estimated final volume of P6 dsfienportantly from the 8 other
mesocosms. As all bags had the exact same phgsaicahsions and as P6 did not look more
filled than the other mesocosms, a technical proldaring salt addition appears as the most
likely explanation for this difference. As such, wél assume, as a first approximation, a
volume for this mesocosm as equal to the mean \ddltlee other eight mesocosms.

During both experiments, the concentration gDNhcreased substantially after
addition as compared to external conditionsu8® nmol L* in BC and 22®s. 9 nmol L* in
BV; Fig. 5A, B). Thekgoo values ranged between 2.7 and 13.9 &rafd were positively
related to wind speeds, with higher values durirggBV than the BC experiment (Fig. 5C).
Theksoo values were above those predicted from the Wahoingd 992) parameterization as

a function of wind speed. This is probably relatedrtificially generated turbulence from
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wave action on the enclosures of the mesocosmgiaiNeed a parameterization for the
mesocosms by assuming a constant offset from theniMehof (1992) relationship:
Keoo=3.58 + 0.31 x

wherekgooin cm K and u is wind speed in rit's

3.3. Initial conditions

Chemical conditions in the bags and in the exteenglronment at the start of the two
experiments (day O, i.e. at the end of the aciglifo:n phase and 5 days after the closing of the
bags) are shown in Table S1. In BC, all parametecspt for carbonate chemistry were
rather similar inside and outside the mesocosnts avgalinity of ~38 and a temperature of
~22 °C. Nitrate (N@) concentrations were very low with an average eafuthe mesocosms
of 49 + 15 nmol [}, very similar to the value measured outside (50Irrt). Phosphate
(PQ,*) concentrations were also quite homogeneous battheedifferent mesocosms
averaging 23 + 4 nmol't, a value slightly below the one measured outs3@enfmol L%).
Ammonium (NH;") concentrations were highly variable and rangechfd.13umol L™ in P6
to 0.77umol L™ in P4. Although some technical issues preventedrteasurements of
silicate (Si) concentrations in several mesocoshes; appeared quite homogeneous in the
four remaining mesocosms (average of 1.7 40! L) and slightly below outside levels
(1.9umol LY. As such strong variability was only visible f§H,*, we believe these
variations were due to small contaminations dusapling or storage. Dissolved oxygen
(O,) concentrations averaged 226 prhol L™ in the mesocosms, corresponding to a
percentage of saturation of 103%. Levelp@0O, were similar in the three control
mesocosms (C1, C2 and C3) and outside, above atmosquilibrium, at around 460
patm. Levels in the six perturbed mesocosms (Pbjavere generally slightly above

targeted values (see Table 1).
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As in the experiment in BC, hydrological conditianBV were similar inside and
outside the mesocosms at levels of ~38.1 and L3fAr°salinity and temperature,
respectively. However, in contrast to BC, nutriemtncentrations, especially NQvere
clearly different at day O (i.e. five days aftee ttlosing of the bags) between inside and
outside mesocosms. Indeed, while N€ncentrations inside the bags averaged 128 + 29
nmol L?, values outside were one order of magnitude high&pumol L™). This rapid
decrease in N©concentrations was most likely due to an uptakphogtoplankton during
the acidification phase as it was concomitant $@aificant increase in biomass in all
mesocosms. Although outside concentrations algbatsfideclined (from 1.6 to 1.2 uM)
during that period (Louis et al., in press, th&us), [NQ] were maintained at a higher level
due to a winter-mixing situation and/or due to exainput via atmospheric wet depositions
(Migon, pers. comm.). P& concentrations were similar inside and outsideniesocosms
and below values measured in BC (average of 1hmd@ LY. Similarly, NH," and Si
concentrations were rather homogeneous and lowantalues measured in BC in summer
2012 (respectively 0.07 + 0.01 and 1.2 + ol L™Y). O, concentrations averaged 249 + 1
umol L™ in the mesocosms, corresponding to a percentasgtarfation of 96%pCO,
conditions were similar in the three control mesms and outside, below atmospheric
equilibrium, at around 35@atm. Levels in the six perturbed mesocosms wesedio
targeted values (see Table 1).

Chlorophylla concentrations were higher in BV than in BC (Ta®B). In BC,
chlorophylla concentrations were lower in the mesocosms th#sid®u(0.06 £ 0.007 vs. 0.12
ng L™1). No samples were taken for HPLC analyses befayedd but fluorometry data from
CTD casts (data not shown) during the acidificapeniod suggest a decrease of
phytoplankton biomass in the mesocosms duringitbieféw days after closure of the bags.

Using modified CHEMTAX, concentrations of chloropihg equivalent of eight taxonomic
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groups of phytoplankton were estimated (see Gageall, sbm, this issue for more details).
The phytoplankton community was dominated bothidatand inside the bags by
haptophyceae, representing ~36 + 5% of the chlgdbplrequivalent biomass. The second
most important species were cyanobacteria that mere abundant outside than inside
mesocosms. In BV, chlorophylconcentrations were higher in the mesocosms thtside
(1.1 + 0.1vs. 0.95 pg ). The composition of the autotrophic community \wasilar

between inside and outside the bags and domingted/ptophyceae (26 + 1% of chlorophyll
a equivalent biomass), followed by haptophyceae{2%) and pelagophyceae (18 + 1%). In
contrast to BC, cyanophyceae were not dominanMraBd represented only 3% of the

chlorophylla equivalent biomass.

3.4. Environmental and experimental conditions during the experiments

Temperature, salinity and>@rofiles (inumol L™ and in % of saturation) in the
mesocosms and in the external environment (OUT$laogvn in Fig. S4 to S7 and Fig. S8 to
S11, respectively for BC and BV. In BC, temperafon@files were very similar between
inside and outside the bags with a significant al@ncrease between the start and the end of
the experiment. In the mesocosms and outside, ge@t@mperature levels increased on
average from 22.1 + 0.04 at day 0 to 24.2 + 0.0ht’Gay 20. At the start of the experiment,
both inside and outside the bags, the water colwasmhomogeneous and a stratification
appeared at a depth of 2-3 m on day 5 and reméandew days. Stronger winds on day 8
broke this stratification and the water column ramed homogeneous until the end of the
experiment. In contrast to temperature, salinit/ribt evolve similarly during the experiment
inside and outside the bags. While salinity vaoiagiin the Bay reflected circulation changes
between the Bay and the open Mediterranean Semdigase of salinity observed inside the
bags was a consequence of the isolation of therweaes and subsequent evaporation during

the experiment. Note that salinity remained homeges in the water column, but dispersion
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in between mesocosms significantly increased agmloeof the experiment, with averaged
salinity values ranging at day 20 from 38.11 int€38.22 in P2. This can be due to
differences in evaporation rates as a consequdrdiferent positions of mesocosms in each
cluster toward wind bursts during the last weetkhefexperiment. As for temperature, O
concentrations were very similar throughout theegixpent, inside and outside mesocosms
and, following the observed warming during the ekpent, average values (mesocosms and
OUT) decreased from 226 + 1 at day 0 to 208u#bl L™ at day 20, and remained above
values at saturation.

In BV, temperature remained more or less stablevaniitally homogeneous at ca. 13
°C during the experiment until the storm that daethtihe bags. At that moment (day 13-14),
the entrance of external water in the bags is lgle@sible for all mesocosms, with significant
decreases in both temperature and salinity initeerheters below surface ,©oncentrations
increased significantly during the first few daydle experiment (acidification phase) in
relation to the increase in chlorophgland the decrease in N@oncentrations. 9
concentrations remained thereafter constant ur@iend of the experiment (day 12).

The addition of C@saturated water to the perturbed mesocosms, pegtbover four
days, led to a gradual increase@O, and decrease in gHluring both experiments (Fig. 6).
Levels ofpCO, reached at the end of the acidification phase wigghtly above targeted
levels, but were clearly different between them@xturbed mesocosms. For both experiments,
pCO, and pH levels in control mesocosms remained similar velemeasured outside the
mesocosms throughout the experiments. In @), levels in P1 and P2 remained rather
constant and well separated from each other ddn@gntire experiment. In contrast, due to
CO, degassing at the air-sea interfg@@(, levels in P5 reached the levels of P4 after 14
days of experiment. Following stronger winds on @iylevels in P6 finally reached P4 and

P5 levels by day 20. Declinesp@O, were much faster during the experiment in BV as a
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consequence of stronger winds and sea surfacdéud®u After 4 days of experiment (day

4), pCO; levels in P1 and P2 were similar and at day 6 21 P3 and P4 were not
distinguishable anymore in termsm£O,. P5 and P6 remained well separated until the énd o
the experiment, althoughCO, levels declined also sharply. During both experitaghr

levels increased with time as a consequence ofoeatipn. In BC, the addition dfC-
bicarbonate was responsible for a significant iaseeinAr on day 1. Less labelled

bicarbonate was added both on day 11 in BC anchgndin BV, and these additions did not
lead to significant increasesAs.

pH profiles acquired using the CTD and transforrwethe total scale using integrated
samples ofAr andCy are presented in Fig. 7 and 8. In both sites,qudls were very
homogeneous in the water column.

In BC, variations in N were quite important and suggest contaminatiareiss
during sampling and/or storage (Fig. 9, upper pabele to this strong variability, no clear
temporal pattern could be detected. In contradMnmuch lower concentrations were
measured that decreased during the experimenll fmeaocosms. In BC, silicate
concentrations were rather homogeneous, lowerdbacentrations measured outside
mesocosms and continuously decreased during theximgnt (Fig. 9, central panel). In BV,
concentrations were constant during the experinatéyvels generally lower than outside
concentrations.

Chlorophylla concentrations remained at very low levels inmadsocosms during the
experiment in BC, well below concentrations foundhe Bay (OUT; Fig. 9 lower panels).
Maximal values in BC were reached on day 14 ane @t average between the nine
mesocosms, 0.09 + 0.001 pg.Ln BV, concentrations were more than one order of
magnitude higher (ca. g L™ and increased significantly after closing thesbagd during

the acidification phase, in all mesocosms. Coneétis in the mesocosms were on average
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higher than levels measured outside, except dan@dast day of the experiment (day 12).
After the initial increase, concentrations remaistble for three days and then decreased

almost linearly until the end of the experiment.

4. Discussion

4.1. Brief evaluation of the experimental setup

The large clean mesocosms used during these twariggnts have been previously
deployed on two occasions in a Bay in Corsica id88and 2010 to test for the effects of
atmospheric deposition events onto the surfacéigdtoophic marine waters (Guieu et al.,
2014). Similar mooring and filling procedures thesed during these previous studies have
been considered during our experiments. Conditiotise nine mesocosms during the two
experiments were similar for most parameters astae of the experiments (Table S1 and
S2) suggesting that the same water mass has latedsin all mesocosms. In BC, on day 0,
chlorophylla concentrations were almost half the concentratioeasured in the Bay.
Particulate organic carbon concentrations and dion@tric data acquired using daily CTD
profiles (data not shown) show that phytoplanktaniass decreased during the acidification
phase in all mesocosms with important organic mattport in the first few days after
closing the bags (Gazeau et al., sbm, this issuepntrast, in BV, data show that chlorophyll
a concentrations increased during the acidificaibase, consuming a large proportion of
available nutrients, notably nitrate, before treetsdf the experimental phase and leading to
an unrealistic N and P co-limitation at this peraddhe year (Louis et al., in press, this issue).
These initial conditions in terms of nutrient aahility are clearly away from ambient
conditions and suggest that our experimental séi-@pfour days acidification phase, no

nutrient addition) was not adapted to create canditthat are fully representative of the
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winter season in this area. A deeper discussidhisnssue and suggestions to avoid and/or
solve these problems in future experiments areigeohvin Maugendre et al. (sbm, this issue).

These mesocosm experimental facilities were usethé&ofirst time to mimic future
pCO, conditions as projected for the end of the centiajowing various CQ emission
scenarios. The experimental protocol followed dyiear experiments is similar to the one
used by the KOSMOS (Kiel Off-Shore Mesocosms fauFeiOcean Simulations) team in
their past ocean acidification experiments in Saadlor in the Baltic (Engel et al., 2014; Paul
et al., 2015; Riebesell et al., 2013a). This protand a custom made diffusing system
allowed the establishment of vertically homogengqud4pCO, profiles (Fig. 7 and 8) and to
successfully reach targeted levels with a maximlaltive pH deviation between actual and
targeted levels of only 17% (in BC, mesocosm P5).

No CG, additions were performed during the experimenta&intain contrasted GO
levels. This procedure was legitimate in BC what®, levels declined continuously only
for the highespCO; levels (P5 and P6). In contrast, in BV, p&0, levels sharply declined
leading to some overlaps between mesocosms, acs€saaddition would have been
necessary. Unfortunately, the storm that damagadstlall mesocosms prevented such
further addition.

During both experiments, while temperature levelsained very similar between
mesocosms and the external environment, salinigidencreased during both experiments,
especially in BC in summer, as a consequence gfagation. As can be seen in Fig. S4 and
S8, salinity levels slightly diverged during theucge of the experiments, due to differences in
evaporation rates (Table 5 for BC only). The expental set-up used in our study that
consisted in grouping three mesocosms togetherulntedly led to such experimental
artefacts, by artificially creating differenceswind and wave exposure. It is very likely that,

due to these differences, gas transfer velociifésreld between mesocosms. Unfortunately,
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this cannot be estimated based on our air-sea egehestimates since only one mesocosm
was enriched with pD; this will prevent estimating carbon budgets dgrour experiments.
Besides differences in terms of wind and wave expgst cannot be excluded that all
mesocosms did not receive the same light doseglthimexperiment, especially al low sun
angles (morning and evening). Since irradianceilpsohave been measured only around
mid-day, this cannot be properly evaluated. Anyveaysidering all these potential
shortcomings, we recommend that clustering mesoggoaitmough it provides non negligible
logistical advantages, should be avoided in futggloyments in the framework of ocean

acidification studies.

4.2. Representativeness of the experiments with respect to Mediterranean seasonal

variability

The Mediterranean Sea is considered an oligotroptean. At the scale of the whole
basin, the spatial means of chloroptaytoncentrations show a marked seasonal cycle, with
the highest values in winter, from December to Mgft25-0.40 pg 1) and a minimum (ca.
0.07 pg ) from June to September (Bosc et al., 2004). Kpegments were conducted
from either sides of the Ligurian Sea in the westasin, the only area in the Mediterranean
Sea characterized by the presence of a large bldtna peak in late winter-early spring, i.e.,
usually starting in February and ending in April@ftenzio and Ribera d'Alcala, 2009) but
with important inter-annual variability both in btes of intensity and starting date (Bosc et al.,
2004). According to the conditions encounteredrduBC and BV experiments, one can
determine the representativeness of the two expetsnwith respect to seasons. The BC
experiment was undoubtedly representative of sunworditions in the Ligurian Sea with
low nutrient concentrations, low chlorophglconcentrations, warm waters and high surface
solar irradiance typical of those during summethim Ligurian Sea (see Bosc et al., 2004,

their Fig. 4, 5 and 7). For the BV experiment, sitaation appears less clear as there was no
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clear bloom that year as evidenced by the chlorbahgata obtained weekly at Point B in
2013 (with maximal surface chlorophyll concentrati@at 5 m in April reaching only 1 pg L
! Fig. 1). According to those weekly data, the cbjpiyll a concentrations at 5 m at the
entrance of the Bay were between 0.5 and 0.8 1uduting the BV experiment. It has to be
noted that our data averaged over 10 m were sligigher inside the Bay on day 0 (February
21% [Chla]our = 0.95 pg [; Table S2) but in the absence of measurementhaat Point B
we cannot conclude on a spatial difference betvtleetwo sites or short-time changes over
the whole area. Nevertheless, at the time of tipe®xent, the meteorological conditions
were typical of winter with low light (daily maxirharadiance < 100@mol mi? s%), cold
temperature (~13 °C) and no water stratificatioittate concentrations were high ([ND=
1.16 umol ) typical of winter situation (Louis et al., in = this issue). The conditions
encountered for this second experiment can befegalis pre-bloom conditions. However,
closure of mesocosms can lead to an artificiafédiit from what happens outside the
mesocosm) increase in biomass coinciding with eatrconsumption. Indeed, a rapid
increase in biomass during the acidification pHasg -4 to -1) in the mesocosms during the
BV experiment was observed with maximal values an@ ([Chb] = 1.1-1.2 pg [). A

similar increase in biomass was observed outsialeNBD;” concentrations were maintained
thanks to external inputs. This is further discdsselouis et al. (in press, this issue). At the
start of BV experiment, nutrients were thus deplétside the mesocosms, finally close to
the nutrients concentrations encountered duringdexperiment. Our experiments are thus
both typical of oligo- to mesotrophic systems: B@hvsummer oligotrophic environmental
conditions and BV with winter mesotrophic enviromta conditions although with low

availability in both N and P.
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4.3. Presentation of the special issue

In order to present data obtained during thesestxp@riments on the effect of ocean
acidification in a low nutrient low chlorophyll (LINC) area, it has been chosen to group
papers in a special issue. Besides the present fiegtdnas the objective to describe in details
the general set-up and the environmental and expetal conditions during the two
experiments, the other 11 manuscripts cover vadspects of the chemistry, biology and
their relationship to carbonate chemistry.

* Louis et al. (in press, this issue) present théutam of nutrients determined with
nanomolar techniques (nitrate and phosphate, alahgtheir speciation between organic and
inorganic forms, and dissolved iron) during botlpeskments.

» Gazeau et al. (sbm, this issue) report on the digsaof particulate organic matter
concentrations and export as well as on the dyreofithe autotrophic community based on
high performance liquid chromatography (HPLC) measients using modified CHEMTAX,
and as measured by flow cytometry.

* Celussi et al. (in press, this issue) describethendance of planktonic prokaryotes,
their activity both at the cell level and from dlopoint of view, and their potential to
degrade several simple organic compounds (polysaicies, polypeptides, lipids, chitin and
phosphorilated molecules).

« Tsiola et al. (in press, this issue) focus on theartance of lysogeny as a key
indicator of environmental status under the impdicicean acidification. In BV, both
lytically infected and lysogenic cells were detamed in response to increaggdO, based on
a viral reduction approachl

* As planktonic calcifiers are potentially negativelyected by ocean acidification,
sampling efforts have been dedicated to the stéittyeococcolithophores community

composition with results presented in Oviedo efialpress, this issue).
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* A focus on zooplankton has only been made durieg#tperiment in BC (Zervoudaki
et al., sbm, this issue) with the objective to detae the abundance and taxonomic
composition of the mesozooplankton, to monitor emys$ nauplii stock and estimate the
feeding rates of dominant copepod species at dift@CO, levels.

* Bourdin et al. (in press, this issue) provide infation on transparent exopolymeric
particles (TEP) temporal variations in abundancegdpction and aggregation as well as a
detailed description of the dynamics of their preous in BV.

* Maugendre et al. (in press, this issue-b) studetfext of increasingCoO; levels on
planktonic metabolism by means of incubations awkal techniques (oxygen light-dark,
4C labelling in BV and®0 labelling in BC).

* In addition to measuring metabolic rates, at ba#ssthe flow of carbon within the
plankton community is investigated usitig-labelling studies coupled with biomarkers
analysis (Maugendre et al., in press, this issue-a)

 During the summer experiment in BC, Rees et alp(@ss, this issue) investigate the
relationship between ocean acidification, nitrofeation rate and the diazotrophic
community compaosition.

* Finally, Maugendre et al. (sbm, this issue) revike/current knowledge on the effects
of ocean acidification on plankton communities,tbgsise the new knowledge arising from

the special issue and provide guidelines for futasearch.

33



Acknowledgements

This work was funded by the EC FP7 project ‘Med@aean Sea Acidification in a changing
climate’ (MedSeA; grant agreement 265103), theqamtdEuropean Free Ocean Carbon
Enrichment’ (eFOCE; BNP-Paribas Foundation), th& MRALS-MERMEX program
(Institut des Sciences de I'Univers, INSU), the €can local authorities and the Rhone-
Mediterranean and Corsica Water Agency (http://weaurmc.fr). It is a contribution to the
Surface Ocean-Lower Atmosphere Study (SOLAS) atehhated Marine Biogeochemistry
and Ecosystem Research (IMBER) projects. The STAREfrine station in Corsica is
gratefully acknowledged for its assistance and bapport carried out within the framework
of the STARECAPMED project funded by the Rhone-Medanean and Corsica Water
Agency. The staff of the Observatoire Océanologidgi®/illefranche is gratefully
acknowledged for their assistance and boat suppalléagues of the Laboratoire
d'Océanographie de Villefranche for providing laiory space. We would like to thank J.
Czerny, K. Schulz, U. Riebesell and J.-P. Gattesanvaluable help regarding the
experimental setup, M. Khamla for helping with #lttations, and R. Biondo for his technical
help with nutrients and chlorophyll measurementheBay of Calvi. B. Hesse, D. Luquet,
D. Robin, P. Mahacek and E. Cox are acknowledgeddsistance with diving operations.
AVB is a senior research associate at the FNR&lljrihanks to all the MedSeA

mesocosms team for help during the experiments.

34



6. References

Bay, D., 1984. A field-study of the growth dynamarsd productivity ofPosidonia oceanica

(L) Delile in Calvi Bay, Corsica. Aquatic Botany ,2483-64.

Bethoux, J.P., Gentili, B., Morin, P., Nicolas, Bierre, C., Ruiz-Pino, D., 1999. The
Mediterranean Sea: a miniature ocean for climatecenvironmental studies and a key
for the climatic functioning of the North AtlantiBrogress in Oceanography 44, 131-

146.

Bonilla-Findji, O., Gattuso, J.P., Pizay, M.D., Wkauer, M.G., 2010. Autotrophic and
heterotrophic metabolism of microbial planktoniersounities in an oligotrophic
coastal marine ecosystem: seasonal dynamics asodepevents. Biogeosciences 7,

3491-3503.

Bosc, E., Bricaud, A., Antoine, D., 2004. Seas@mal interannual variability in algal
biomass and primary production in the Mediterran®eaa, as derived from 4 years of

SeaWiFS observations. Global Biogeochemical Cytges

Bourdin, G., Gazeau, F., Kerros, M.E., Marro, dmtti, M.L., in press, this issue.
Dynamics of transparent exopolymeric particles #it precursors during a
mesocosm experiment: impact of ocean acidificatitstuarine, Coastal and Shelf

Science.

Bustillos-Guzman, J., Claustre, H., Marty, J.C93.9Specific phytoplankton signatures and
their relationship to hydrographic conditions ie toastal Northwestern Mediterranean

Sea. Marine Ecology Progress Series 124, 247-258.

35



Celussi, M., Malfatti, F., Franzo, A., Gazeau,Giannakourou, A., Pitta, P., Tsiola, A., Del
Negro, P., in press, this issue. Ocean acidificagifect on prokaryotic metabolism
tested in two diverse trophic regimes in the Meaditeean Sea. Estuarine, Coastal and

Shelf Science.

Champenois, W., Borges, A.V., 2012. Seasonal aredannual variations of community
metabolism rates of Bosidonia oceanica seagrass meadow. Limnology and

Oceanography 57, 347-361.

Ciais, P., Sabine, C., Bala, G., Bopp, L., Brovkin, Canadell, J., Chhabra, A., DeFries, R.,
Galloway, J., Heimann, M., Jones, C., Le QuéréMyneni, R.B., Piao, S., Thornton,
P., 2013. Carbon and Other Biogeochemical Cyatestocker, T.F., Qin, D., Plattner,
G.-K., Tignor, M., Allen, S.K., Boschung, J., NasieA., Xia, Y., Bex, V., Midgley,
P.M. (Eds.), Climate Change 2013: The Physicalr@ed3asis. Contribution of
Working Group | to the Fifth Assessment Reportha Intergovernmental Panel on
Climate Change, Cambridge University Press, Cargbritdnited Kingdom and New

York, NY, USA.

CIESM, 2008. Impacts of acidification on biologicahemical and physical systems in the

Mediterranean and Black Seas, Menton (France).

Czerny, J., Schulz, K.G., Krug, S.A., Ludwig, AigResell, U., 2013a. Technical Note: the
determination of enclosed water volume in largeiflle-wall mesocosms "KOSMOS".

Biogeosciences 10, 1937-1941.

Czerny, J., Schulz, K.G., Ludwig, A., Riebesell, B013b. Technical Note: a simple method
for air-sea gas exchange measurements in mesoewghits application in carbon

budgeting. Biogeosciences 10, 1379-1390.

36



D'Ortenzio, F., Ribera d'Alcala, M., 2009. On thephic regimes of the Mediterranean Sea: a

satellite analysis. Biogeosciences 6, 139-148.

Delille, B., Harlay, J., Zondervan, I., Jacquet,Ghou, L., Wollast, R., Bellerby, R.G.J.,
Frankignoulle, M., Borges, A.V., Riebesell, U., Gab, J.P., 2005. Response of
primary production and calcification to changeGf, during experimental blooms of

the coccolithophoriEmiliania huxleyi. Global Biogeochemical Cycles 19.

Dickson, A.G., Sabine, C.L., Christian, J.R., 20B4ide to best practices for ocean O

measurements. PICES Special Publication 3, 191pp.

Engel, A., Piontek, J., Grossart, H.P., Riebes&kll Schulz, K.G., Sperling, M., 2014. Impact
of CO2 enrichment on organic matter dynamics duningient induced coastal

phytoplankton blooms. Journal of Plankton Resedf;1641-657.

Engel, A., Zondervan, |., Aerts, K., Beaufort, Benthien, A., Chou, L., Delille, B., Gattuso,
J.P., Harlay, J., Heemann, C., Hoffmann, L., Jagdbe Nejstgaard, J., Pizay, M.D.,
Rochelle-Newall, E., Schneider, U., TerbrueggenRebesell, U., 2005. Testing the
direct effect of CQconcentration on a bloom of the coccolithophdindliania huxleyi

in mesocosm experiments. Limnology and Oceanography93-507.

Garcia-Comas, C., Stemmann, L., Ibanez, F., BerlineMazzocchi, M.G., Gasparini, S.,
Picheral, M., Gorsky, G., 2011. Zooplankton longrtehanges in the NW
Mediterranean Sea: Decadal periodicity forced hytevihydrographic conditions

related to large-scale atmospheric changes? Joofrivédrine Systems 87, 216-226.

Gazeau, F., Sallon, A., Pitta, P., Pedrotti, M.Marro, S., Guieu, C., sbm, this issue. Limited

impact of ocean acidification on phytoplankton commity structure in an oligotrophic

37



environment: results from two mesocosm studiehénMediterranean Sea. Estuarine,

Coastal and Shelf Science.

Gobert, S., 2002. Variations spatiale et tempoxi€herbier @osidonia oceanica (L.)
Delile (Baie de La Revellata-Calvi-Corse), 207 Ppiversité de Liége, Liege,

Belgique.http://hdl.handle.net/2268/62892.

Gobert, S., Chéry, A., Volpon, A., Pelaprat, C.jdume, P., 2014. The seascape as an
indicator of environmental interest and qualitytleé Mediterranean benthos: timesitu
development of a description index: The LIMA, inubard, O. (Ed.), Underwater

Seascape, Switzerland: Springer Internatibmgl: //hdl.handle.net/2268/162104,

pp. 273-287.

Gobert, S., Kyramarios, M., Lepoint, G., Pergentditg C., Bouquegneau, J.M., 2003.
Variations at different spatial scalesrasidonia oceanica (L.) Delile beds: effects on

the physico-chemical parameters of the sedimerga@uogica Acta 26, 199-207.

Goffart, A., Hecq, J.H., Legendre, L., 2002. Chanigethe development of the winter-spring
phytoplankton bloom in the Bay of Calvi (NW Medit@nean) over the last two

decades: a response to changing climate? MarinedycBrogress Series 236, 45-60.

Grossart, H.P., Allgaier, M., Passow, U., Riebed#l] 2006. Testing the effect of GO
concentration on the dynamics of marine heteroimbhcterioplankton. Limnology

and Oceanography 51, 1-11.

Guieu, C., Dulac, F., Ridame, C., Pondaven, P.42bitroduction to project DUNE, a DUst

experiment in a low Nutrient, low chlorophyll Ecassm. Biogeosciences 11, 425-442.

38



Hall-Spencer, J.M., Rodolfo-Metalpa, R., Martin, Bansome, E., Fine, M., Turner, S.M.,
Rowley, S.J., Tedesco, D., Buia, M.C., 2008. Volcaarbon dioxide vents show

ecosystem effects of ocean acidification. Natur, 26-99.

Hare, C.E., Leblanc, K., DiTullio, G.R., KudelaNR, Zhang, Y., Lee, P.A., Riseman, S.,
Hutchins, D.A., 2007. Consequences of increasegédesmure and C£for
phytoplankton community structure in the Bering.9éarine Ecology Progress Series

352, 9-16.

Holmes, R.M., Aminot, A., Kérouel, R., Hooker, B,Reterson, B.J., 1999. A simple and
precise method for measuring ammonium in marinefeasthwater ecosystems.

Canadian Journal of Fisheries and Aquatic ScieB624801-1808

Irwin, A.J., Oliver, M.J., 2009. Are ocean des@sting larger? Geophysical Research

Letters 36.

Kim, J.H., Kim, K.Y., Kang, E.J., Lee, K., Kim, J.MPark, K.T., Shin, K., Hyun, B., Jeong,
H.J., 2013. Enhancement of photosynthetic carbsmilation efficiency by

phytoplankton in the future coastal ocean. Biogemaes 10, 7525-7535.

Kim, J.M., Lee, K., Shin, K., Kang, J.H., Lee, HWim, M., Jang, P.G., Jang, M.C., 2006.
The effect of seawater G@oncentration on growth of a natural phytoplankton

assemblage in a controlled mesocosm experimenndlimgy and Oceanography 51,

1629-1636.

Kim, J.M., Lee, K., Shin, K., Yang, E.J., Engel, Karl, D.M., Kim, H.C., 2011. Shifts in
biogenic carbon flow from particulate to dissolfedms under high carbon dioxide and

warm ocean conditions. Geophysical Research Le3&rs

39



Kim, J.M., Shin, K., Lee, K., Park, B.K., 2008 situ ecosystem-based carbon dioxide
perturbation experiments: Design and performaneduation of a mesocosm facility.

Limnology and Oceanography-Methods 6, 208-217.

Kroeker, K.J., Kordas, R.L., Crim, R., Hendrik€k.l.Ramajo, L., Singh, G.S., Duarte, C.M.,
Gattuso, J.P., 2013. Impacts of ocean acidificatiomarine organisms: quantifying

sensitivities and interaction with warming. Glokdiange Biology 19, 1884-1896.

Lavigne, H., Epitalon, J.M., Gattuso, J.-P., 20hcarb: seawater carbonate chemistry with

R. ran.r-project.org/package=seacarb.

Le Queére, C., Peters, G.P., Andres, R.J., Andrei, RBBoden, T.A., Ciais, P., Friedlingstein,
P., Houghton, R.A., Marland, G., Moriarty, R., 8it&., Tans, P., Arneth, A., Arvanitis,
A., Bakker, D.C.E., Bopp, L., Canadell, J.G., ChlnP., Doney, S.C., Harper, A.,
Harris, I., House, J.1., Jain, A.K., Jones, S.[atd§ E., Keeling, R.F., Klein Goldewijk,
K., Kortzinger, A., Koven, C., Lefevre, N., Maignan, Omar, A., Ono, T., Park, G.H.,
Pfeil, B., Poulter, B., Raupach, M.R., Regnier,ldenbeck, C., Saito, S., Schwinger,
J., Segschneider, J., Stocker, B.D., Takahashtibrook, B., van Heuven, S., Viovy,
N., Wanninkhof, R., Wiltshire, A., Zaehle, S., 208Blobal carbon budget 2013. Earth

Syst. Sci. Data 6, 235-263.

Lepoint, G., Millet, S., Dauby, P., Gobert, S., Boegneau, J.M., 2002. Annual nitrogen
budget of the seagraBssidonia oceanica as determined by in situ uptake experiments.

Marine Ecology Progress Series 237, 87-96.

Longhurst, A., Sathyendranath, S., Platt, T., CalleC., 1995. An estimate of global
primary production in the ocean from satellite cadeter data. Journal of Plankton

Research 17, 1245-1271.

40



Louis, J., Guieu, C., Gazeau, F., in press, tlsisasNutrient dynamics under different ocean
acidification scenarios in a low nutrient low cldphyll system: the Northwestern

Mediterranean Sea. Estuarine, Coastal and Shalh&ei

Maugendre, L., Gattuso, J.-P., de Kluijver, A., 8ed, K., van Oevelen, D., Middelburg,
J.J., Gazeau, F., in press, this issue-a. Carbdabtling studies show no effect of

ocean acidification on Mediterranean plankton comities. Estuarine, Coastal and

Shelf Science.
Maugendre, L., Gattuso, J.-P., Guieu, C., Gazeasph, this issue. Impacts of ocean
acidification on plankton communities, a synthegiMedSeA mesocosm experiments

and a meta-analysis. Estuarine, Coastal and Sbielih&.

Maugendre, L., Gattuso, J.P., Poulton, A.J., Dellis W., Gaubert, M., Guieu, C., Gazeau,
F., in press, this issue-b. No detectable effectcefan acidification on plankton

metabolism in the NW oligotrophic Mediterranean :Seaults from two mesocosm

studies. Estuarine, Coastal and Shelf Science.

Nival, P., Corre, M.C., 1976. Annual variation offace hydrology in Bay of Villefranche-

sur-mer. Annales De L'Institut Océanographiquess278.

Oviedo, A.M., Ziveri, P., Gazeau, F., in pressstissue. Coccolithophore dynamics in

response to increasimpg O, in Mediterranean oligotrophic waters. Estuarineasial
and Shelf Science.
Paul, A.J., Bach, L.T., Schulz, K.G., Boxhammer,dzerny, J., Achterberg, E.P.,

Hellemann, D., Trense, Y., Nausch, M., Sswat, MepRsell, U., 2015. Effect of

elevated C@on organic matter pools and fluxes in a summeti@B&ka plankton

community. Biogeosciences 12, 6181-6203.

41



Polovina, J.J., Howell, E.A., Abecassis, M., 2008ean’s least productive waters are

expanding. Geophysical Research Letters 35.

Ras, J., Claustre, H., Uitz, J., 2008. Spatialality of phytoplankton pigment distributions
in the Subtropical South Pacific Ocean: comparisetween in situ and predicted data.

Biogeosciences 5, 353-369.

Rees, A.P., Turk-Kubo, K., Al-Moosawi, L., AlliouanS., Gazeau, F., Hogan, M.E., Zehr,
J.P., in press, this issue. Ocean acidificatioraictgpon nitrogen fixation in the coastal

western Mediterranean Sea. Estuarine, Coastal laelfl Science.

Richir, J., Gobert, S., 2014. A reassessment ofisieeofPosidonia oceanica andMytilus
galloprovincialis to biomonitor the coastal pollution of trace elense New tools and

tips. Marine Pollution Bulletin 89, 390-406.

Riebesell, U., Bellerby, R.G.J., Grossart, H.Pingktad, F., 2008. Mesocosm €0

perturbation studies: from organism to communitieleBiogeosciences 5, 1157-1164.

Riebesell, U., Czerny, J., von Brockel, K., BoxhaennT ., Budenbender, J., Deckelnick, M.,
Fischer, M., Hoffmann, D., Krug, S.A., Lentz, Uydwig, A., Muche, R., Schulz,
K.G., 2013a. Technical Note: A mobile sea-going mesm system - new

opportunities for ocean change research. Biogeosesl10, 1835-1847.

Riebesell, U., Gattuso, J.P., Thingstad, T.F., Middrg, J.J., 2013b. "Arctic ocean
acidification: pelagic ecosystem and biogeochemespponses during a mesocosm

study" Preface. Biogeosciences 10, 5619-5626.

42



Riebesell, U., Schulz, K.G., Bellerby, R.G.J., BstrM., Fritsche, P., Meyerhofer, M., Neill,
C., Nondal, G., Oschlies, A., Wohlers, J., Zollrter,2007. Enhanced biological carbon

consumption in a high C{»cean. Nature 450, 545-U510.

Riebesell, U., Tortell, P.D., 2011. Effects of oceaidification on pelagic organisms and
ecosystems, in: Gattuso, J.-P., Hansson, L. (Edsgan acidification. Oxford

University Press, Oxford, pp. 99-121.

Schwier, A.N., Rose, C., Asmi, E., Ebling, A.M.,iding, W.M., Marro, S., Pedrotti, M.L.,
Sallon, A., luculano, F., Agusti, S., Tsiola, Aiit& P., Louis, J., Guieu, C., Gazeau, F.,
Sellegri, K., 2015. Primary marine aerosol emissifsam the Mediterranean Sea
during pre-bloom and oligotrophic conditions: ctat®ns to seawater chlorophyll a

from a mesocosm study. Atmospheric Chemistry angies 15, 7961-7976.

Sheldon, R.W., Rassoulzadegan, F., Azam, F., BerfnaBezanson, D.S., Bianchi, M.,
Bonin, D., Hagstrom, A., Lavalpeuto, M., Neveux,Raimbault, P., Rivier, A., Sherr,
B., Sherr, E., Vanwambeke, F., Wikner, J., Wood/AYentsch, C.M., 1992.
Nanoplankton and picoplankton growth and produciiotine bay of Villefranche-sur-

mer (NW Mediterranean). Hydrobiologia 241, 91-106.

Skliris, N., Elkalay, K., Goffart, A., Frangouli§,., Hecq, J.H., 2001. One-dimensional
modelling of the plankton ecosystem of the nortlste@m Corsican coastal area in

relation to meteorological constraints. JourndViafrine Systems 27, 337-362.

Stewart, R.I.A., Dossena, M., Bohan, D.A., JeppeEerKordas, R.L., Ledger, M.E.,
Meerhoff, M., Moss, B., Mulder, C., Shurin, J.Bute, B., Thompson, R., Trimmer,

M., Woodward, G., 2013. Mesocosm Experiments asd@ fbr Ecological Climate-

43



Change Research, in: Woodward, G., Ogorman, Eds.EAdvances in Ecological

Research: Global Change in Multispecies System3, . 71-181.

Taillandier, V., D'Ortenzio, F., Antoine, D., 201Qarbon fluxes in the mixed layer of the
Mediterranean Sea in the 1980s and the 2000s. BeafResearch Part |-

Oceanographic Research Papers 65, 73-84.

The Mermex group, 2011. Marine ecosystems' resggasgimatic and anthropogenic

forcings in the Mediterranean. Progress in Oceapdgr 91, 97-166.

Tsiola, A., Pitta, P., Giannakourou, A., Bourdin, 8augendre, L., Pedrotti, M.L., Gazeau,
F., in press, this issue. Ocean acidification aral veplication cycles studied during a
mesocosm experiment in the NW Mediterranean Sdaatise, Coastal and Shelf

Science.

Upstill-Goddard, R.C., Rees, A.P., Owens, N.J.8961 Simultaneous high-precision
measurements of methane and nitrous oxide in wattseawater by single phase
equilibration gas chromatography. Deep-Sea Resérh-Oceanographic Research

Papers 43, 1669-1682.

Vandromme, P., Stemmann, L., Berline, L., Gaspa8niMousseau, L., Prejger, F.,
Passafiume, O., Guarini, J.M., Gorsky, G., 201ferkannual fluctuations of
zooplankton communities in the Bay of Villefranchig=mer from 1995 to 2005

(Northern Ligurian Sea, France). Biogeosciencexl83-3158.

Wanninkhof, R., 1992. Relationship between windesipp@nd gas exchange over the ocean.

Journal of Geophysical Research 97, 7373-7382.

44



Weiss, R.F., 1981. Determinations of carbon-dioxidd methane by dual catalyst flame
ionization chromatography and nitrous-oxide by gteccapture chromatography.

Journal of Chromatographic Science 19, 611-616.

Weiss, R.F., Price, B.A., 1980. Nitrous oxide sdltypin water and seawater. Marine

Chemistry 8, 347-359.

Zervoudaki, S., Krasakopoulou, E., MoutsopoulosPfotopapa, M., Marro, S., Gazeau, F.,
sbm, this issue. Copepod response to ocean aaiilificin a low nutrient-low
chlorophyll environment in the NW Mediterranean Sestuarine, Coastal and Shelf

Science.

45



Figure legends

Figure 1. Maps of the two study sites in France,Bhay of Calvi in Corsica and the Bay of
Villefranche on the French Riviera. Hydrologicar(tperature and salinity) and
biogeochemical (nutrients: nitrate + nitrate, )N€llicate, Si; and phosphate, F@and
chlorophylla concentrations) conditions in 2012 in surface veatd the Bay of Calvi
(left panel) and in 2013 in surface waters of tlag Bf Villefranche (right panel). For
all plots, the corresponding experimental periagsidentified by vertical dotted lines.

Figure 2. Schematic drawings of the mesocosm daptay (here in the Bay of Villefranche),
showing the nine mesocosms grouped in clustefsreétand showing the positioning
of anchors and buoys.

Figure 3. Pictures and schemes showing the proead&d for acidifying and sampling the
mesocosms as well as for collecting the sedimapstrA: schematic drawing of the
tank used for the preparation of &€aturated seawater; B: picture of the diffusing
system used to add G®aturated in the perturbed mesocosms; C: pichowisg this
diffusing system in a bag during addition of £€aturated water; D: picture of groups
of two persons sampling the mesocosms from sugkatorms; E: picture of the
integrated water sampler (IWS); F and G: pictutesasng the collection of sediment
traps by a diver.

Figure 4. Surface atmospheric conditions (surfa@gliance: upper panels, daily averaged
wind speed: central panels and partial pressu@fpCO,: lower panels) during the
experiments in the Bay of Calvi in summer 2012 ({iefnels) and in the Bay of
Villefranche in winter 2013 (right panels).

Figure 5. Nitrous oxide (D) concentrations in the,® enriched mesocosm (C1) and in the
external environment (OUT) during the experimenthi@ Bay of Calvi in summer 2012

(A) and in the Bay of Villefranche in winter 201B)( Gas transfer velocitie&gg) are
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plotted against wind speed during each experinidrg.derived parameterization is
compared with the Wanninkhof (1992) open-ocearticglahip.

Figure 6. Carbonate chemistry conditions in themresocosms and in the external
environment (OUT) during the experiment in the B&aZalvi in summer 2012 (left
panels) and in the Bay of Villefranche in winterl2(Qright panels). Partial pressure of
CO, (pCO,, upper panels) and pH on the total scaler(mdntral panels) were
calculated using seacarb, based on dissolved inimrgarbon concentration€+{, not
shown) and total alkalinityAt, lower panels), measured daily from depth-intesgt40-
10 m) samples. Vertical dotted lines show the sthitie respective experiments (day 0
= d0). Targete@CO; levels for perturbed mesocosms are indicated.

Figure 7. Profiles of pH on the total scale in tiree mesocosms (C1, C2, C3: control
mescosms and P1 to P6: perturbed mesocosms) doerexperiment in the Bay of
Calvi in summer 2012. Vertical profiles were takizmily by means of a hand-operated
CTD and were corrected based on calculated pHh@motal scale) values based on
daily depth-integrated (0-10 m) samples for dissdlinorganic carborCf) and total
alkalinity (A1) measurements. Linear gridding has been applischtmth the observed
daily variations (3-day moving average). Targgi€®, levels for perturbed
mesocosms are indicated.

Figure 8. Profiles of pH on the total scale in tiee mesocosms (C1, C2, C3: control
mescosms and P1 to P6: perturbed mesocosms) doerxperiment in the Bay of
Villefranche in winter 2013. Vertical profiles wetaken daily by means of a hand-
operated CTD and were corrected based on calcyp&t€dn the total scale) values
based on daily depth-integrated (0-10 m) sampledigsolved inorganic carbocy)
and total alkalinity Ar) measurements. Vertical dotted black lines in@i¢he end of

the experiment. Linear gridding has been applieshtooth the observed daily
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variations (3-day moving average). TargegpeD, levels for perturbed mesocosms are

indicated.

Figure 9. Depth-integrated (0-10 m) ammonium cotred¢ions (NH'; upper panels), silicate
concentrations (Si; central panels) and chlorophglbncentrations (lower panels) in
the nine mesocosms and in the external environnuemisg the experiment in the Bay
of Calvi in summer 2012 (left panels) and in they B&Villefranche in winter 2013
(right panels). The vertical dotted line on thehtiganels shows the start of the

experiment (day 0). Targete€O, levels for perturbed mesocosms are indicated.
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Supplementary material for:

First mesocosm experiments to study the impacts of ocean acidification on plankton communities in the NW Mediterranean
Sea (MedSeA project)

Gazeauy, F,, Sallon, A.,, Maugendre, L., Louis, ]., Dellisanti, W., Gaubert, M., Lejeune, P., Gobert, S., Borges, A.V., Harlay, J., Champenois, W.,

Alliouane, S., Taillandier, V., Louis, F., Obolensky, G., Grisoni, J].-M., and Guieu, C.

Figure S1: Scheme showing the different parts of a mesocosms8ction 2.1 in the manuscript for more details.

Figure S2: Scheme of the mooring procedure.

Figure S3: Picture and schemes showing the conical sedimamt tr

Figure S4: Temporal dynamics of salinity in all nine mesocosmnd in the external environment (OUT) during tkpezgiment in the Bay of
Calvi in summer 2012. Vertical profiles were acgdidaily by hand-operated CTD. Linear gridding besn applied to smooth the
observed daily variations (3-day moving average).

Figure S5: Temporal dynamics of temperature (°C) in all niresocosms and in the external environment (OUThduhe experiment in the
Bay of Calvi in summer 2012. Vertical profiles warequired daily by hand-operated CTD. Linear gngdnas been applied to smooth the
observed daily variations (3-day moving average).

Figure S6: Temporal dynamics of dissolved oxygen concentratigmol L™) in all nine mesocosms and in the external enviremt (OUT)
during the experiment in the Bay of Calvi in sumr2@i2. Vertical profiles were acquired daily by Hasperated CTD. Linear gridding

has been applied to smooth the observed dailyti@iga(3-day moving average).



Figure S7: Temporal dynamics of dissolved oxygen concentrat{@s a percentage of saturation) in all nine nesus and in the external
environment (OUT) during the experiment in the B&Zalvi in summer 2012. Vertical profiles were aitgd daily by hand-operated
CTD. Linear gridding has been applied to smoothatbeerved daily variations (3-day moving average).

Figure S8: Temporal dynamics of salinity in all nine mesocosnd in the external environment (OUT) during tkpezgiment in the Bay of
Villefranche in winter 2013. For mesocosms, thdigal dotted black line indicates the end of thpeximent. Vertical profiles were
acquired daily by hand-operated CTD. Linear grigduas been applied to smooth the observed dailgtiars (3-day moving average).

Figure S9: Temporal dynamics of temperature (°C) in all niresocosms and in the external environment (OUThduhe experiment in the
Bay of Villefranche in winter 2013. For mesocosithg, vertical dotted black line indicates the enthefexperiment. Vertical profiles
were acquired daily by hand-operated CTD. Lineatdijng has been applied to smooth the observeg darlations (3-day moving
average).

Figure $10: Temporal dynamics of dissolved oxygen concentratipmol L™) in all nine mesocosms and in the external enviremt (OUT)
during the experiment in the Bay of Villefrancheanmter 2013. For mesocosms, the vertical dottegkline indicates the end of the
experiment. Vertical profiles were acquired daijyHand-operated CTD. Linear gridding has been agib smooth the observed daily
variations (3-day moving average).

Figure S11: Temporal dynamics of dissolved oxygen concentrat{@s a percentage of saturation) in all nine messus and in the external

environment (OUT) during the experiment in the B&yillefranche in winter 2013. For mesocosms, tkeical dotted black line



indicates the end of the experiment. Vertical pesfivere acquired daily by hand-operated CTD. Lige@ding has been applied to

smooth the observed daily variations (3-day mowawngrage).



Table 1. Ambient partial pressure of carbon dioxide (pCO; in patm) conditionsin the three
control mesocosms (C1 to C3) after the closing of the bags (day -4) and targeted pCO, in the
six perturbed mesocosms (P1 to P6, in bold) during both experiments in the Bay of Calvi in
summer 2012 and in the Bay of Villefranche in winter 2013. Volumes (in L) of CO,-saturated

seawater added to each perturbed mesocosm are reported.

C1 C2 C3 PL P2 P3 P4 P5 P6

Bay of Calvi
Ambient or targeted pCO, 435 439 436 550 650 750 850 1000 1250

Added volume - - - 75 150 200 225 270 330

Bay of Villefranche
Ambient or targeted pCO, 346 352 347 450 550 650 750 1000 1250

Added volume - - - 8 130 170 200 260 300




Table 2. Sampling schedule and sampled volumesgitiie experiment in the Bay of Calvi

in summer 2012. IWS: Integrated water sampling, €TBnductivity-Temperature-Depth
profiles, S: Surface sampling and D: Diving for ipeeht trap collections (see text for details).
Surface sampling was performed only in the clusidr mesocosms C3, P3 and P6. A net

haul was performed on July"1fo sample zooplankton organisms (Zervoudaki eshhm,

this issue).

Date Phase Day #ocal time Sampled
volume (L)

17/06 Mesocosms deployment
18/06 - -6
19/06 Bag closing -5
20/06 -4 8:00 IWS/CTD 5
21/06 Acidification -3 8:00 IWS/CTD 5
22/06 -2 8:00 IWS/CTD 5
23/06 -1 8:00 IWS/CTD/D 5
24/06 0 4:00/8:30/12:00 IWS/IWS/CTD/D  15/15
25/06 1 8:00/8:30/10:30/12:00 S/IWS/IWS/CTD/D 22%/
26/06 2 4:00/8:30/12:00 IWS/IWS/CTD/D  15/15
27/06 3  8:00/8:30/10:30/12:00 S/IWS/IWS/CTD/D 2M%/
28/06 4  4:00/8:30/12:00 IWS/IWS/CTD/D  15/15
29/06 5 8:00/8:30/10:30/12:00 S/IWS/IWS/CTD/D 2P2%/
30/06 6 4:00/8:30/12:00 IWS/IWS/CTD/D  15/15
01/07 7  8:00/8:30/10:30/12:00 S/IWS/IWS/CTD/D 2%/
02/07 8  4:00/8:30/12:00 IWS/IWS/CTD/D  15/15
03/07 9 8:00/8:30/10:30/12:00 S/IWS/IWS/CTD/D 2P2%/
04/07 Experiment 10 4:00/8:30/12:00 IWS/IWS/CTD/D  15/15
05/07 11  8:00/8:30/10:30/12:00 S/IWS/IWS/CTD/D 215
06/07 12 4:00/8:30/12:00 IWS/IWS/CTD/D  15/15
07/07 13 8:00/8:30/10:30/12:00 S/IWS/IWS/CTD/D 205
08/07 14  4:00/8:30/12:00 IWS/IWS/CTD/D  15/15
09/07 15 8:00/8:30/10:30/12:00 S/IWS/IWS/CTD/®/15/15
10/07 16 4:00/8:30/12:00 IWS/IWS/CTD/D  15/15
11/07 17 8:00/8:30/10:30/12:00 S/IWS/IWS/CTD/R¥15/25
12/07 18 4:00/8:30/12:00 IWS/IWS/CTD/D  15/15
13/07 19 Bad weather — no sampling
14/07 20 4:00/8:30/12:00 IWS/IWS/CTD/D  15/15
15/07 Volume measurements 21 8:00 WP2 net haul/CTD
16/07 22 8:00 CTD




Table 3. Sampling schedule and sampled volumesgitiie experiment in the Bay of

Villefranche in winter 2013. IWS: Integrated wasampling, CTD: Conductivity-

Temperature-Depth profiles, S: Surface sampling@niving for sediment trap collections

(see text for details). Surface sampling was peréat only in the cluster with mesocosms C3,

P3 and P6. (No net haul could be performed to sampbplankton organisms at the end of

the experiment).

Date Phase Day #ocal time Sampled
volume (L)

14/02 Mesocosms deployment

15/02 - -6

16/02 Bag closing -5

17/02 -4 8:00 IWS/CTD/D 5

18/02 Acidification -3 8:00 IWS/CTD/D 5

19/02 -2 8:00 IWS/CTD/D 5

20/02 -1 8:00 IWS/CTD 5

21/02 0 8:00/8:30/10:30/12:00 S/IWS/IWS/CTD/D 2/15/15

22/02 1 5:00/8:30/12:00 IWS/IWS/CTD/D  15/15

23/02 2 8:00/8:30/10:30/12:00 S/IWS/IWS/CTD/D 215/

24/02 3 5:00/8:30/12:00 IWS/IWS/CTD 15/15

25/02 4  8:00/8:30/10:30/12:00 S/IWS/IWS/CTD 2/15/15

26/02 5 5:00/8:30/12:00 IWS/IWS/CTD 15/15

27102 Experiment 6  8:00/8:30/10:30/12:00 S/IWS/IWS/CTD/D 205/

28/02 7 5:00/8:30/12:00 IWS/IWS/CTD 15/15

01/03 Bad weather — no sampling

02/03 9 5:00/8:30/12:00 IWS/IWS/CTD/D  15/15

03/03 10 8:00/8:30/10:30/12:00 S/IWS/IWS/CTD  2/B/1

04/03 11 5:00/8:30/12:00 IWS/IWS/CTD/D  15/15

05/03 12 8:00/8:30/10:30/12:00 S/IIWS/IWS/CTD  2/B/1

06/03 Storm — End of the experiment




Table 4. List of parameters and processes meaduredj the mesocosms experiments in the Bay ofiCB®) in summer 2012 and in the Bay

of Villefranche (BV) in winter 2013. References yiding details and results of these measuremeantalao reported. IWS: Integrated water

sampling, CTD: Conductivity-Temperature-Depth gesj S: Surface sampling (see text for details).

Parameters Frequency Sampling Time Volume Reference
method (local) L)
Hydrography
Salinity
Temperature
Photosynthetically active radiation (PAR) Daily CTD 14:00 - This paper
Oxygen (Q)
pHr
Carbonate chemistry
Total alkalinity @r) , 0.5 .
Total dissolved carborCf) Daily WS 830 0.12 This paper
Nutrients
Ammonium (NH") . 0.02 .
Dail IWS 8:30 This paper
Silicate (Si) " 0.06 'S pap
Nitrate (NQ) 0.06
Phosphate (P9) Daily 0.06 : . "
W : L t al. , th
Dissolved iron (DFe) S 8:30 0.06 ouis et al. (in press, this issue)
Dissolved organic nitrogen/phosphorus (DON/DOP) ery\2-4 days 0.12
Organic and inorganic matter
Particulate organic carbon (POC) Daily IWS 8:30 1.5 Gazeau et al. (sbm, this issue)



Particulate organic nitrogen (PON)

1.5

Particulate phosphorus 15
BC: luculano (unpublished)
Transparent exopolymeric particles (TEP) 10:30 2.0 BV: Bourdin et al. (in press, this
Every 2 days issue)
IWS
cDOM 10:30 BC: luculano (unpublished)
Dissolved organic carbon (DOC) Daily 8:30 0.06 Garz@unpublished)
. . Every 2 davs 10:30 (BC) 4-5(BC) ., .
Calcite in the fraction < 4Am y y IWS 8:30 (BY) 2 (BV) Oviedo (unpublished)
Diversity
Pigments Daily 8:30 2.0
Direct microscope counting IWS 05 Gazeau et al. (sbm, this issue)
Autotroph diversit Every 2 days 4:00 (BC) 0.01
b y 5:00 (BV) '

. . 4:00 (BC) : , .
Heterotroph diversity Every 2 days IWS 5:00 (BV) 0.01 Celussi et al. (in press, this issue)
Calcifying phytoplankton Every 2 days IWS 10:30 (BC) 4-5 (BC) Oviedo et al. (in press, this issue)

8:30 (BV) 2 (BV)

Zooplankton diversity (only BC) End of experiment P&/Net 14:00 (BC) - Zervoudaki et al. (sbm, thsues)
Microlayer
Trace metals
Dissolved i b . Quartz . , :
issolved organic carbon Daily cylinder 8:00 2 Ebling (unpublished)

Diversity (Flow cytometry)




Primary Aerosols

Size distribution, hygroscopicity/CCN, organic temt Daily S 8:30 3.0 Schwier et al. (2014)
Processes

Nitrification 4:00 (BC) 2.0 , ,
Nitrate Uptake Every 2 days IWS 5:00 (BV) 10 Al-Moosawi (unpublished)

. o 4:00 (BC)
Nitrogen fixation Every 2 days WS 5:00 (BV) 2.0 BC: Rees et al. (in press, this issue)

i i i ixati BV: Rees (unpublished
Genes encoding enzymes involved in the fixation of Every 4 days 10:30 (BC) 10 (unp )
atmospheric nitrogen (nif-H)
Net community production (NCP) and community Every 2 days 2.5 . .
Gross primary productiort0-GPP, BC only) Every 4 days IWS 288 gg\(/:)) 2.0 il\élghjs_elz)?dre etal. (in press, this
Carbon fixation {"C, BV only) Every 2 days ' 0.5
Heterotrophic production 4:00 (BC) 0.5 . : .
Enzymatic activities Every 2 days IWS 5:00 (BV) 05 Celussi et al. (in press, this issue)
Viral production rates (BV only) Every 4 days IWS  :06 (BV) 1 Tsiola et al. (sbm, this issue)
Copepod feeding (BC only) On 4 occasions S 8:30 (BC) 15 . .
Copepod production (BC only) Every 2 days WS 10:30 (BC) 5 Zervoudaki et al. (sbm, this issue)
Carbon transfer

**C in dissolved inorganic carbolC-DIC, water column) N 8:30 0.12
13C in particulate organic carboiC-POC, water column) Daily after addition 8:30 1-1.5
13 - . . then every 2 days _ _

C in phospho-lipid fatty acid$9C-PLFA, water column) IWS 8:30 4 Maugendre et al. (in press, this
13~ , . . Daily (BC) . issue-a)

C in particulate organic carbol’C-POC, sediment traps)Every 2 days (BV) 15:00 -
3C in zooplankton*C-zoo, water column, only BC) End of experiment WP2 Net 10:00 ;

Sedimentation



Particulate organic carbon (POC) Daily (BC)
Every 2 days (BV) Diving 15:00 - Gazeau et al. (skms issue)




Table 5. Volumes (in L) of the 9 mesocosms estimated based on salt-addition on July 17" in the Bay of Calvi. Removal (sampling, evaporation)

and addition of water (acidification) are aso reported. Volume of P6 has been recal culated assuming an initial volume as equal to the mean of the

8 other mesocosms, see text of section 3.5 for details.

Date cCTL C2 <C3 ©PL P2 P3 P4 P5 PGB P6
corrected
19/06/2012 Initial volume 42141 44369 44540 46344 42962 44423 44874 43930 51506 44198
5
'%% 20/06/2012 Acidification +75 +150 +200 +225 +270 +330
= - Sampling 20 20 -20 20 -20 20 20 -20 -20
S2  2306/2012 Evaporation 38 51 37 54 -60 -3 52 45 -68
<
e
Dg 240612012 Sampling 650 -668 -650 -668 -650 -668 -650 -650 -668
EB . j j j j j j j j j
TS 14072010 Evaporation 125 224 -154 -258 -250 -222 232 -160 -241
|
16/07/2012  Fina volume (estimated) 41308 43423 43660 45437 42132 43746 44144 43325 50929 43531
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