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Abstract. The abundance and activity of the major memberscated in the same basin outside the eddies. During our study
of the heterotrophic microbial community — from viruses to the 3 eddies showed equilibrium between GPP (Gross Pri-
ciliates — were studied along a longitudinal transect acrossnary Production) and DCR (Dark Community Respiration).
the Mediterranean Sea in the summer of 2008. The Mediterintegrated PPp (Particulate Primary Production) values at A,
ranean Sea is characterized by a wesétst gradient of deep- B and C varied from~140 to~190 mg C n12.

ening of DCM (deep chlorophyll maximum) and increasing
oligotrophy reflected in gradients of biomass and production.

However, within this well documented longitudinal trend,

hydrological mesoscale features exist and likely influencel Introduction

microbial dynamics. Here we present data from a W-E tran-

sect of 17 stations during the period of summer stratification.The Mediterranean Sea is one of the most oligotrophic ma-
Along the transect the production and fate of organic matterine systems in the world. The basin-wide cyclonic circu-
was investigated at three selected sites each one located lation of nutrient-depleted water (Dugdale and Wilkerson,
the centre of an anticyclonic eddy: in the Algero-Provencal1988), hot, dry climate and low land run-off contribute to
Basin (St. A), the lonian Basin (St. B), and the Levantine the low productivity of the sea. The Mediterranean also ex-
Basin (St. C). The 3 geographically distant eddies showedibits a marked west to east gradient of oligotrophy seen
low values of the different heterotrophic compartments of thein an increasing nutrient depletion from west to east (Krom
microbial food web, and except for viruses in site C, all inte- et al., 1991), declines in chlorophyll concentrations (Ignati-
grated (0—150 m) stocks were higher in reference stations loades et al., 2009) and rates of primary production (Moutin
and Raimbault, 2002; Turley et al., 2000). The hypothe-
sis of phosphorus limitation of primary production in the

Correspondence tdJ. Christaki Mediterranean has inspired numerous studies dealing with
m (urania.christaki@univ-littoral.fr) microbial processes in its open waters, and resulted in the
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establishment of large-scale patterns of abundance and acti s«
ity for different planktonic food web components (reviewed

in Siokou et al., 2010). The Mediterranean is generally con-
sidered to be an oligotrophic ecosystem characterized by ..
microbe-dominated food web. The dominance of small het-
erotrophs and small phototrophs in this region is consisten
with a scenario of little energy transfer to high trophic lev-
els (cf. review by Siokou et al., 2010). Thus, microbial

heterotrophic activity is an important energy pathway in the
planktonic food web and in particular in the eastern Mediter-
ranean, where most of the organic carbon produced is con-

sumed and respired (Regaudie-de-Gioux et al., 2009). Up. . i . .
t0 90—-95 % of Emar ( ro%uction is sustained b internzall re-ﬁ’:lg' 1. Stations occupied for microbial metabolism and het-
oofp yp y erotrophic microplankton studies during the BOUM cruise (June—

cycling of organic matter during the stratified period (Moutin July, 2008). Sites A, B and C are situated in the centre of 3 anticy-
and Raimbault, 2002). Turley et al., (2000) hypothesised thatonic eddies.

a large portion of primary production is directly channeled to
heterotrophic prokaryotes through exudation and/or lysis of2 Methods
nutrient-stressed phytoplankton. Probably the most convinc-
ing evidence of P limitation of heterotrophic prokaryotes re-2.1  Sample collection, general characteristics of the
sulted from the CYCLOPS in-situ P-fertilization experiment study site
conducted in May 2002 in the Cyprus-Eddy. In this exper-
iment, prokaryotic heterotrophic production increased in re-The BOUM cruise took place during the summer of 2008
sponse to P addition whereas phytoplankton biomass dimin¢16 June—20 July, 2008). Using the French Research Vessel
ished (Thingstad et al., 2005). I'Atalante, a 3000 km transect was surveyed from the western
Nonetheless, the Mediterranean Sea while often attributedbart of the Mediterranean Sea to the Eratosthenes sea mount
the label “oligotrophic”, shows considerable variability over in the eastern part along a longitudinal transect from the
a wide range of temporal and spatial scales. This variabill.evantine basin (34E) to the Western basin {%, Fig. 1).
ity is reflected in the microbial components of the planktonic Along this transect, two types of stations were sampled: the
food web. For example, in the west the Almeria-Oran front “short duration stations” (2-3h occupation) and “long du-
is an area of high primary production (Videau et al., 1994; ration sites” (4 days occupation). Except for St. 27 and 17
Van Wambeke et al., 2004) compared to surrounding watergocated on the continental slope, the stations were situated in
while the Cyprus-Eddy in the east, is a zone of low phyto-the open sea (Fig. 1).
plankton production (Psarra et al., 2005). Biological data presented in this study are based on
Our study was conducted within the framework of the surface-layer sampling (8—-10 depths from 0 to 200 m) of
BOUM cruise (Biogeochemistry from Oligotrophic to the 14 representative “short duration stations” and the 3 “long
Ultra-oligotrophic Mediterranean) in the summer of 2008. duration sites” situated in the centre of anticyclonic eddies.
The first objective was a complete description of the micro- The approximate location of the gyres were determined using
bial food web, and in particular the heterotrophic compo- satellite imagery and the forecast from MERCATOR. The
nents, along a W-E transect of 17 stations of the Mediter-exact locations of the eddies were determined on board from
ranean Sea during the period of summer water-column strata rapid (12 h) high resolution survey using XBT, thermos-
ification. Our second objective was to estimate rates of thealinograph and ADCP data to precisely locate sites with low
production and fate of organic matter, in 3 geographically potential advection. At each site, before starting the 96 h pro-
distant oligotrophic environments located at the centre of an-cess study, a 24 h physical and chemical characterisation of
ticyclonic eddies. The cores of persistent eddies are relathe area was carried out. The area was surveyed by the ex-
tively isolated from surrounding waters, thus these sites proploration of a grid consisting of 16 sub-stations in & 9
vide possibilities for the estimation of biogeochemical fluxes. miles geographic area centered around the site. Data for each
Located along the W-E transect, we expected that these thremub-station were obtained from 0 to 500 m or 1000 m depth
eddies would differ not only in terms of biomass and pro- with CTD casts. The salinity and nitrate profile (Fig. 2a—c)
duction compared to outside reference stations located in thare here presented to show the “halostad” and “nutrientstad”
same basin, but also among each other. The major biogediarge zones in depth of constant salinity or nitrate which
chemical and biological parameters reported in this study areharacterize the core depth of the eddies). These “stad” cor-
microbial stocks (from viruses to ciliates) and heterotrophicrespond also to low variations with depth in density, oxygen
prokaryotic production at all stations, while primary produc- and temperature as reported by Moutin et al. (2011). The 2
tion and oxygen fluxes (community production and respira-eddies B and C in the Eastern Mediterranean exhibit deep
tion) were measured only in the three eddy sites. cores constituted by Levantine Intermediate water, of higher
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o e e e e e ™ ter (BD Sciences, San Jose, CA, USA) equipped with an
— : air-cooled laser, providing 15 mW at 488 nm with the stan-
dard filter set-up. Virus — like particles and procaryotes
were stained with SYBRGreen |, as described in detail in
Marie et al. (1999) and Brussaard (2004). Populations of
HBA and VLP differing in fluorescence intensity were dis-
tinguished on plots of side scatter versus green fluorescence
(530 nm wave- length, fluorescence channel 1 of the instru-
ment). FCM list modes were analysed using CellQuest Pro

800 — Salinity - St A 800 —— Salinity -StB

800 .
i i ——salinity-St C ) X
RN e { oy s software (BD Bioscences, version 4.0). HBA was converted
P T AR oo | et to biomass using a carbon conversion factor of 12 fg Céell
0 2 4 6 8 10 0 2 4 6 8 0 2 a4 6 8
Nitrate (M) Nitrate (M) Nitrate (uM) (Fukuda et aly 1998)

_ o ) o ) ~ To enumerate heterotrophic nanoflagellates (HNF), sam-
Fig. 2. Salinity and nitrate profiles inside and outside of the 3 anti- ples (20-30mL) were preserved using formaldehyde (final

C.ydon'c edd.'e.s’ dark a.nd light solid lines — inside th? eddy, reSPECToncentration of 1 %). Samples were filtered onto black Nu-
tively for salinity and nitrate, black and grey dotted lines — outside

the eddy, respectively for salinity and nitrate. Nitrate values pre-Clepore filters (pore size, 0.8um) and stained with DAPI

sented on this figure were discrete measurements from Niskin bottléporter and F_eig, 195_30) within 5h of sampling and S_tored
samples. at —20°C until counting. HNF were enumerated using a

LEITZ DMRB epifluorescence microscope at 1000x. To dis-

salinity, while the core of the eddy A was formed with Sur- tinguish between autotrophic and heterotrophic nanoflagel-
face Modified Atlantic water of lower salinity than outside lates, autofluorescence (chlorophyll) was determined under
the eddy (Fig. 2a). For all eddies the core density was loweRlue light excitation.
and the temperature and oxygen were higher than outside the For ciliate enumeration, samples (500 mL) were placed in
eddies at the same depths. As expected in anticyclonic ed?Padue glass bottles and fixed with acid Lugol's solution (fi-
dies the eddy center at the three features was characterizdl concentration, 2%). The samples were stored 4l 4
by the downwelling of the isotherms and isopicnals in thein the dark until analysis (max. 3 months later). The fixed
upper layer. samples were allowed to settl_e fqr 3 days, then the super-
Profiles of temperature, conductivity, oxygen and fluores-natant was gently removed yielding100 mL of concen-

cence were obtained using a Sea-Bird Electronics 911 PLU&@te, which was further sedimented in 100 mL Hydrobios
Conductivity-Temperature Depth profiler (CTD, temperatureChamberS for at least 24 h. Ciliates were enumerated using

and oxygen data are not used in this paper) and water sampl@Nikon Eclipse TE2000-S inverted microscope; the whole
using Niskin bottles with Teflon-coated springs and O-rings.Chamber was examined at 400x. Ciliates were distinguished

Total Chlorophylla (Chl-« = Chlorophyli—a plus divinyl- as aloricate, naked ciliates comprising taxa of the subclasses
Chlorophylla) was measured by High Performance Lig- Choreotrichida and Oligotrichia and tintinnids of the sub-

uid Chromatography with methodology described in Ras eclass Choreotrlchldg, order. Tintinnida (Lynn, 2008). Cili-
al. (2008). Concentrations of nitrate (and nitrite (NQ) ~ 21€S were grouped into 4 size groups20, 20-30, 30-50,
and soluble reactive phosphorus, referred to the term phos> 29 MM)- Biovolumes of all taxa and morphotypes identified
phate (PQ) in this paper, were immediately measured on in this s_tudy were calculated using th@T linear dlmensmns of
board with an autoanalyser (Bran + Luebbe autoanalyser IIf€llS- Biovolumes were converted to biomass using voylume-
according to the colorimetric method Eguer and Le Corre, t0-carbon conversion factors of 190fg C pfnfor Lugol's
1975). Precision of measurements was 0.02 um, 0.005 unpreserved samples (Putt and Stoecker, 1989).

and 0.005 uM for N@, NO2, and PQ respectively, and de- 2.3 Bacterial production

tection limits for the procedures were 0.02 uM, 0.01 uM and

0.01 uM for NG, NO,, and PQ respectively. Full details “Bacterial” production (BP — sensu stricto referring to het-
are given in Pujo,—Pay 'et al. (2011). erotrophic prokaryotic production —) was estimated by the

3H-leucine method at 9 depths in the 0-200 m water col-
2.2 Abundance of microbial components umn. At each depth, 1.5mL duplicate samples and a con-

trol were incubated with a mixture of L-[4,8H] leucine
Virus-like particles (VLP) and heterotrophic bacterial abun- (Perkin Elmer, specific activity 115 Cimmol) and non-
dances (HBA, sensus stricto heterotrophic Bacteria + Ar-radioactive leucine at final concentrations of 16 and 7 nM,
chaea) were determined by flow cytometry. Subsamplesespectively. Samples were incubated in the dark at in situ
(2mL) were fixed with glutaraldehyde (final concentration, temperature, fixed and treated following the microcentrifuga-
0.5%), refrigerated for 10-20 min, frozen in liquid nitro- tion protocol (Smith and Azam, 1992) as described in detail
gen and stored at80°C (Marie et al., 1999) until analy- in Van Wambeke et al. (2011) and using a conversion factor
sis. Counts were made using a FACSCalibur flow cytome-of 1.5 kg C per mole leucine incorporated.

www.biogeosciences.net/8/1839/2011/ Biogeosciences, 8, 18539-2011
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2.4 Primary production 2.5 Biological oxygen fluxes

Carbon fixation estimates using tH&C method accordingto At the sites A, B and C, rates of gross primary production
the experimental protocol detailed by Moutin and Raimbault(GPP), dark community respiration (DCR) and net commu-
(2002) were carried out at sites A, B and C during the firstnity production (NCP) were estimated from changes in the
and the third day of station occupation. Samples were coldissolved oxygen concentration over 24 h incubations car-
lected before sunrise using 12 L Niskin bottles and dispensegied out on the in situ rig during the first and the third day
into 320 mL polycarbonate bottles, 3 light and one dark sam-of site occupation. Rates were measured at the same depths
ple per depth, for each of 10 depths covering the euphoticas for PPp. For each depth, three sets of four replicate wa-
zone and inoculated with 20 uCi of N&#COz (Amersham,  ter samples were placed into 125 mL borosilicate glass bot-
CFA3). To determine the quantity of added tracer, a 250 ulles. The first set of samples was fixed immediately (us-
sample was taken at random from 3 bottles and stored withng Winkler reagents) to measure oxygen concentrations at
250 pL of ethanolamine for later analysis. For time zero de-time 0; the second set was placed in opaque bottles and the
terminations, three samples were filtered immediately aftethird set in transparent bottles. The samples from the last
inoculation. Then, the bottles were incubated in situ in atwo sets were placed on the in situ rig for incubation at the
drifting rig for 24 h (dawn-to-dawn). The rig was equipped depth of sample origin, and incubated for 24 h, from dawn to
with a line of buoys on the surface to counterbalance andjawn. Dissolved oxygen concentration was measured using
equilibrate the weight in order to maintain incubation bottles an automated high-precision Winkler titration system linked
at the desired depths. Rates were measured at up to 9 depttisa photometric end point detector (Williams and Jenkinson,
of decreasing irradiance (75, 55, 35, 20, 10, 7, 3, 1, 0.1%),1982). NCP was calculated as the difference in the dissolved
to encompass the euphotic zone. The 0.1 % irradiance sambxygen concentration between “light” incubated samples and
ples corresponded to 130, 160 and 147 m depth for A, B andtime 0" samples. DCR was calculated as the difference be-
C respectively. The incubation depths were determined between “dark” incubated samples and “time 0” samples. DCR
fore every deployment based on the irradiance depth profilgates are expressed as a negatiydlix. GPP is the differ-
measured with a PAR sensor (Photosynthetically Active Ra-ence between NCP and DCR (Gaarder and Gran, 1927). Re-
diation). After recovery of the rig, the samples were filtered sults presented in this study are data integrated over 130 m
on GF/F filters under low vacuum pressure (200 mm Hg) to(site A), 160 m (site B) and 145 m (site C). Standard errors
measure net absorption (AngCni3). Filters were then  of the rates are calculated from the standard deviation of
flooded with 500 uL of HCI 0.5M and stored for counting quadruple samples sets. The mean standard error obtained
at the laboratory. In the laboratory, samples were dried ovefyas +0.3 mmol Q@ m—3d~1. The DCR was converted into
12hat 60°C, the 10 mL of ULTIMAGOLD-MV scintillation CO, units applying a respiratory quotient of 0.8 (kefe et
fluo (Packard) were added to the filters and dpm was counted)., 2008 and references therein).
after 24 h with a Packard Tri carb 2100 TR liquid scintillation
analyzer. Daily (24 h dawn-to-dawn) particulate primary pro-
duction (PPp) was obtained from the difference between light Results
and dark bottles measurements. Integrated particulate pr
mary production PPp (mgntd—1) was calculated assum-
ing: (1) that subsurface (about 5 m) rates are identical to surThe water column was characterized by the presence of the
face rates (not measured); and (2) that rates are zero at 20 Beasonal thermocline. Fluorescence profiles during the cruise
below the deepest sampled depth (below the photic zone)ndicated a distinct deep chlorophyll maximum (DCM, Ta-
The total integrated primary production (B&) was calcu-  ple 1). The classical W-E gradient of deepening of the DCM
lated from particulate primary production (PPp) and a per-was observed; the DCM was, in general, over 30 m deeper in
centage of extracellular release (PER), with PER defined aghe east compared to the west (Fig. 3a). Mean £lues
the percentage of dissolved primary production relative to thein the upper 150 m layer were very low, 0.1-0.2 pid lex-
sum of particulate and dissolved primary production. PERcept at the two NW stations where they were slightly higher
during the cruise was determined from on-board incubateqst. 25, 27, Table 1). Below, in order to facilitate comparison
samples (Lopez-Sandoval et al., 2011) from selected depthgith previous studies which considered the contrast between
of the CTD cast used for the 24 h-long in situ incubationsthe eastern and western Mediterranean, we will sometimes
(the first and the third day of each site occupation). We usegefer to E and W basins, based on the simple geographical
the integrated data of particulate (PPp) and dissolved primaryyiterion employed by Longhurst (1998). Based on this divi-
production (PPd) determined on their profiles to compute ansjon W and E stations are considered from 27 to 19 and from
averaged PER for each profile. Then we used this percentages to C, respectively. St. 17 and 15, situated in the Straight
to our own data set as follows: of Sicily are not included in the comparisons E-W, but these
PRota= PPR/(1— PER 1 stafcions are included in the overall correlations between bio-
logical variables.

3.1 General and longitudinal features

Biogeosciences, 8, 1839852 2011 www.biogeosciences.net/8/1839/2011/
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Table 1. Physico-chemical and biological (range and mean) of 17 sampling stations in the upper 150 m (except St. 17 and St. 27, 0—-100 m)
in the Mediterranean in June—July 2008. DCM: deep Chlorophyll maximum depth, VLP: virus particles, HBA: heterotrophic bacteria, HNF:
heterotrophic nanoflagellates, Cil: ciliates, BP: bacterial production, nd: no data. A, B, and C sites representing selected anticyclonic eddies
are depicted in bold letters.

STATION DATE  LATI- LONGI- BOTTOM CHL a DCM VLP HBA HNF CIL BP
W-E (2008) TUDEN TUDEE DEPTH (ugL™b m @fmLhH @aPmL~l @dmLl @or 1l ngcLinl
(m)

27 18/7 4320967 4.93050 98 0.06-0.37 30  292-7.92 3.63-8.63 1.03-3.26 nd nd
0.24 5.88 5.78 215

25 18/7 41.99633 4.98550 2267 0.004-1.7 50  1.39-12.66 0.19-1.02 1.44-465 5-157 1.3-40.7
0.32 5.38 0.56 2.65 45 18.2

24 18/7 41.08850 5.05567 2659 0.04-066 70  2.05-8.26 0.22-0.93 1.79-3.15 13-61 2.2-34.9
0.19 5.28 0.66 2.54 38 21.2

A 14-16/7 39.10617 5.30967 2821 0.01-0.26 90  1.38-591 0.23-0.71  1.27-4.32 12-38 1.8-14.2
0.1 3.58 0.44 2.41 22 7.8

21 117 38.63750 7.91783 2055 0.01-0.38 85 158593 0.21-0.71 1.66-2.82 21-128 4.2-31.6
0.13 4.42 0.53 2.40 70 17.7

19 107 38.10233 10.22550 556 0.01-0.52 70  1.23-3.84 0.17-0.71  1.55-3.46 nd 1.7-29.6
0.16 2.56 0.50 2.46 18.9

17 9/7 37.16750 11.99817 116 0.06-0.26 80  2.66-4.15 0.52-0.77 1.31-3.60 27-86 1.7-38.9
0.13 3.47 0.65 2.35 58 28.5

15 8/7 3566833 14.10017 580 0.04-0.3 100 0.82-346 0.19-0.70 1.51-2.51 nd 6.5-43.9
0.13 2.16 0.54 2.03 20.9

13 8/7 34.88500 16.69850 2101 0.04-0.27 93  1.00-2.80 0.35-0.68 1.07-2.19 22-58 5.6-35.9
0.14 1.99 0.53 1.52 41 19.9

B 4-717 34.13350 18.45550 3008 0.04-0.21 120 0.38-2.97 0.15-049  0.79-2.35 17-32 2.0-17
0.11 1.53 0.36 1.35 22 9.2

1 21/6 34.33050 19.81867 3210 0.05-058 85  0.7-4.34 2.17-6.65 0.65-1.73 34-90 2.1-20.9
0.18 1.34 457 1.20 62 10.8

3 21/6 34.18517 22.16100 2376 0.03-0.68 110 0.15-0.91 0.13-0.48  0.90-1.47 13-64 1.8-30.8
0.17 0.25 0.34 1.18 34 10.2

5 22/6 34.04600 24.49,733 2669 0.03-0.34 115 0.18-0.35 0.10-0.49  0.74-2.22 19-46 2.0-13.6
0.12 0.19 0.27 1.41 34 9.2

7 23/6 33.90317 26.83533 2780 0.04-0.40 100 1.27-2.45 0.22-054  0.88-1.73 25-71 2.8-18.2
0.15 1.79 0.40 1.27 52 11.6

9 2416 33.76250 29.17583 3028 0.03-0.22 120 0.16-0.56 0.11-0.38  0.69-1.73 21-47 3.4-11.9
0.10 0.29 0.26 1.34 30 6.9

11 25/6 33.58283 31.93000 2495 0.03-0.24 110 0.45-1.12 0.17-0.43  0.42-153 17-27 1.5-12.6
0.09 0.78 0.28 1.04 21 6.4

C 27-29/6 33.62650 32.65283 901 0.03-0.40 120 0.96-2.48 0.13-046 0.67-1.52 8-28 2.9-14
0.16 1.27 0.29 1.04 19 8.4

Among all the parameters studied, virus-like particles on the order of 1®cells mL~1 (0.1 to 8.63x 10° cells mL1,
(VLP) showed the highest variability as seen in the com-Table 1) and were clearly higher in the W than in the E basin
parison of integrated abundances (Table 2). Concentration@-ig. 3c). However, overall HBA was the parameter that
varied from 0.15 to 12.% 10° VLP mL~! (Table 1). Mean  showed the least variation in terms of integrated numbers
VLP in the upper 150m layer was on the order of low along the transect (Table 2). A similar pattern was evident
10° mL~1 (Fig. 3b, Table 1). VLP quantities were relatable for bacterial production (BP) with lower volumetric values
to Chlu concentration (Table 3) but a tighter relationship ex- in the E and higher in the W (Fig. 3d, Table 1). Integrated
isted between VLP and heterotrophic bacterial abundancesalues of BP ranged from 24 to 74 mg CAd~1 (Table 2).
(HBA,Table 3). The mean VLP/HBA ratio was highly vari-
able and ranged from 3 to 96. HBA concentrations were

www.biogeosciences.net/8/1839/2011/ Biogeosciences, 8, 18539-2011
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Table 2. Integrated values in the upper 150 m (except St. 17 and St. 27, 0—100m) in the Mediterranean, in June—July 2008. VLP: virus
particles, HBA: heterotrophic bacteria, HNF: heterotrophic nanoflagellates, CIL tot: total ciliates, CIL mixo: mixotrophic ciliates BP:
bacterial production.

STATION VLP HBA HNF CILTOT CIL MIXO BP
W-E x108m=2  x102m=2 x10%9m=?2 x10°m2 x1®m=2 mgCnr2d-1
27 55 54 20 nd nd nd
25 66 74 37 51 15 53
24 59 68 37 54 22 64
A 51 69 31 35 9 25
21 64 76 36 96 39 57
19 34 63 33 nd nd 53
17 35 65 26 57 21 74
15 33 82 31 nd nd 66
13 30 75 22 58 21 67
B 29 57 19 33 14 31
1 31 63 18 84 30 34
3 7 52 18 54 32 38
5 3 45 23 55 31 34
7 27 61 19 78 40 41
9 3 39 21 45 16 26
11 12 44 15 31 12 24
C 25 46 14 27 8 24
Coeff. variation 0.6 0.2 0.3 0.4 0.5 0.4

Heterotrophic nanoflagellates (HNF, Fig. 4a) were domi-3.2 Comparing stocks in and outside the 3 anticyclonic
nated by small cells of mean equivalent spherical diameter eddies
of 2.46 um and total abundances in the upper 150 m from
a few hundreds to a few thousands cells per mL (0.42-Sites A, B and C were located in the centre of 3 distinct
4.65x 103 cellsmL~1). A significant log-log relationship  anticyclonic eddies across the trophic gradient. The physi-
was found between HBA and HNF abundances (Table 3). cal data indicated that the 3 eddies were all at least several
Ciliates generally showed low abundances and in particimonths old and that the process study stations were made
ular at the far eastern stations (Table 1, Fig. 4b). Highesin the centre of the eddies. The salinity and nitrate profiles,
ciliate abundances were recorded at the DCM level or justused to characterise the halostads and nutrientstads, allowed
above it. The log-log linear regression between &lten- estimation of core depth of each eddy (Fig. 2a—c, Moutin et
centration (ug £1) and ciliate abundance (celt) in the al., 2011).
upper 150 m was highly significant (Table 3). However this The 3 eddies were generally associated with low values
relationship was tighter in the W than in the east E (Table 3).for different metrics of the heterotrophic compartments of
The slopes of the regressions were not significantly differenthe microbial food web compared to the stations located out-
(tvae=0.41; df = 101). Mixotrophs, as a portion of cili- side the eddies (Fig. 5). The differences were particularly
ate biomass, varied from 13 to 77 % (meland, 37+ 14 %). pronounced for virus-like particles, heterotrophic bacterial
An exceptionally high contribution in terms of biomass of abundance and HNF, and less pronounced for ciliates. Inter-
mixotrophs (90 %) was recorded at St. 21 at the DCM levelestingly, among ciliates, mixotrophs did not show any recog-
(Fig. 4c, Table 1). Planktonic ciliates were dominated by thenizable pattern in terms of stocks from sites A to C (Fig. 5).
aloricate naked forms with tintinnids being abundant only atConsidering however their contribution to ciliate biomass, it
St. 25 just below the DCM (75m, 1164 cellst, Fig. 4d).  was larger at sites B and C (43 % and 29 %, respectively) and
Log-transformed data of ciliate abundance and &£lobn-  lower at site A (18 %).
centration indicated a tight relationship between tintinnids A key feature characterizing site A was a regular decline
and Chle followed by heterotrophic ciliates and a weaker in phosphate and nitrate concentrations with depth contrast-
relationship between mixotrophs and Gh{Table 3). ing with the sharp, marked nutriclines observed at the St. 21
in the Algero-Provencal Basin (Fig. 6a, b). Compared to
stations outside the eddy, all the heterotrophic parameters
recorded were lower and the depth profiles inside the eddy
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Fig. 3. Distribution of Total Chlorophyllk (a), virus (b), het-

erotrophic bacterigc) and bacterial productiofd) in the upper  Fig. 4. Distribution of the abundance of heterotrophic nanoflagel-

150 m along the Mediterranean Sea transect. Interpolation betweelates (a), total ciliates(b), mixotrophic ciliates(c) and tintinnids

sampling points in contour plots was made with Ocean Data View(d) in the upper 150 m along the Mediterranean Sea transect. Inter-

program (VG gridding algorithm, Schlitzer 2004itp://odv.awi. polation between sampling points in contour plots was made with

de)). Ocean Data View program (VG gridding algorithm, Schlitzer 2004,
http://odv.awi.dé).

showed less-marked peaks (Fig. 6a—f). Mean BP was about = ] ) )

2 fold lower inside the eddy (Table 1) and the BP profile contributing approximately 33 % of total_lntegrated biomass,
showed less variability with depth inside the eddy than atcOmpared to 18 % of the eddy community.

St. 21 where it showed several irregularities (Fig. 6a, b). The The same general pattern seen at site A was found for
trends of HBA and VLP were very similar within and out- the site B: flat nutrient profiles, with a deep nutricline, con-
side the eddy but concentrations were higher outside the eddyasting with shallower ones at St. 13 outside of the eddy
(Fig. 6¢, d). HNF profiles were similar inside and outside (Fig. 7a, b), and generally lower values for nutrients, BP, cil-
the eddy and they did not show any particular trend with ei-iates and a less pronounced maxima for fluorescence inside
ther HBA or VLP (Fig. 6¢, d). Finally, the ciliate concen- the eddy (Fig. 7a—f). Notably, the fluorescence profile var-
trations were maximal just above the DCM both within and ied little with depth in the eddy with a weak maximum just
outside the eddy but with concentrations three times higher ahbove 150 m, while outside the eddy the fluorescence profile
St. 21 (Fig. 6e, f). Interestingly, at St. 21 mixotrophic ciliates showed pronounced maxima. The fluorescence maxima at
were a more important component of the ciliate community, St. 13 were associated with the presencBrotthlorococcus
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100
OaQsa Table 3. Determination coefficients-€) of some significant log-log
_ 80 & s B st13 linear regressions mentioned in the tept< 0.0001 except Chl-
5 c ] stu1 = a-CIL total east, where<0.001 VLP: virus particles, HBA: het-
Hcl = p
& 7 E g erotrophic bacteria, HNF: heterotrophic nanoflagellates, CIL: cili-
Ef 20 1 g g ates, PPp: particulate primary production, BP: bacterial production,
E & (£t nd: no data, east: Eastern Basin, west: western basin.
0 us er het. flagellales totciliates mixo ciliates  E Variable (x) — Variable (y) n 4
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and NG@ + NOg (UM) (a, b), viral (VLP, 1 mL~1), bacte- ° 150 % o 0
rial (HBA, 10° mL~1) and heterotrophic nanoflagellate abundance - d f
(HNF, 1 mL~1), (c, d), ciliate abundance (t1) and in situ fluo- 200 ol
rescencée, f) in the centre of the eddy A (upper panel a, ¢, and f) 00 oL 0203
0 5 fluorescence in vivo AU

and at St. 21 (lower panel b, d and e). NO3+2§OZ UM
at 80m (116 18cellsmL~1), while at 140 m the maximum Fig. 7. Profiles of bacterial production (ngCth™1), POy

of fucoxanthine was observed (0.05 p) associated with ~ @nd NG + NO3 (E‘M) (@, b), viral (VLP, 1PmL~Y), bacte-

the presence dfrochlorococcugndSynechococcyd.5and ~ Nal (HBA, 105_"1“: ) and heterotrophic nanoflagellate abundance
1.5 16 mL~1, respectively, Crombet et al., 2011). Mean bac- E;'S'\(l;’ntfemg in)th((:;:gﬁt?(!lztfif?:zgiange(u(t )e?nirlﬂals gugluaor; a9
terial production was again about 2 f_olq lower inside the ?ddyand at St 13 (lower panel b, d and e).y PPErp T

(Table 2). HBA and VLP showed similar trends in particu-

lar inside the eddy (Fig. 7c, d). HBA showed a deep maxi-

mum at the DCM outside the eddy. HNF profiles were againwere about two times more abundant at St. 13 compared to
quite similar in terms of trend and absolute values insideinside the eddy.

and outside the eddy (Fig. 7c, d). Finally, ciliates showed Site C was situated in the ultra-oligotrophic east Mediter-
in both cases maximal abundance just above the DCM andanean above the seamount Eratosthenes (900m). An
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Table 4. Integrated values of: Bacterial Production (BP), Particulate Primary Production{B&ociated standard errors, Mdiari
Carballido and McGillicuddy Jr, 2006) and Total Primary ProductiondBp, the first (A1, B1 and C1) and the third day (A3, B3 and C3)
of site occupation. Integrated Dark Community Respiration in terms of carbon §gORs estimated assuming respiratory quotient = 0.8,
and Bacterial Carbon Demand (BCD = BP + BR) assuming that bacterial respiration was responsible for 50 % of the DCR.

BP PPp PRtal DCRco, BCD BCD/PRoal
mgCni2d~l mgCcnr2d! mgcm?2d?! mgCm?2dl mgCcnm2d?
Al 24.6 156+5 224 525 287 1.3
A3 36.3 164+ 2 229 554 313 1.37
Bl 32.7 195+4 306 430 248 0.81
B3 36.7 18A5 271 452 263 0.97
C1 26.5 1343 206 373 213 1.03
C3 24.5 192+ 8 317 546 297 0.94
Al 24.6 156+5 224 525 287 1.3
A3 36.3 164+ 2 229 554 313 1.37
Bl 32.7 195+4 306 430 248 0.81
B3 36.7 18A5 271 452 263 0.97
Cil 26.5 13A&3 206 373 213 1.03
C3 24.5 192+ 8 317 546 297 0.94
BPngCL1h?! abundances ciliates L 150
0 10 20 30 40 012345678 0 300 600 900 1200
0 0 [ 0 4
] %l', c B} 100
504 50 ) 50 —— ciliates :—" ]
o E 4 TE& \ . —— fluorescence e 50
8g w —a— NO, + NO, 100 o 100 o o -
[z g . S
© 150 150 o 150 g
—o—virus x 106 mL £ -90 1
HNF x 103 mL*
20%00 o ol 200+ ---o--- HBA x 105 mL1 2000_0 o o -100 1
o 25 s B DCR ONCP mGCp
-150
012345678 0 300 600 900 1200 Al A3 B1 B3 C1l C3
0 . 0
i e
. s <’ . 50 Fig. 9. Integrated GPP (Gross Primary Production), DCR (Dark
_E & ’ Community Respiration) and NCP (Net Community Production)
" % 100 4) - 100 (mmol O, m—2 d=1, 130m site A, 160m site B, 145 m site C), at
T i the three eddies the first (A1, B1 and C1) and the third day (A3, B3
150108 150 and C3) of site occupation. Error bars represent standard deviation
* d f of 4 replicates.
200 . 200———+——+—
0.0 0.1 0.2
0 s fluorescence in vivo AU close to the detection limits of the methods. The deep flu-

25
NO, + NO, UM

orescence maximum was clearly more marked in the eddy
Fig. 8. Profiles of bacterial production (ngCith~1) , PO, and was associated with the presence of diatoms (Crombet et
and NQ + NO3 (UM) (a, b), viral (VLP, 1P mL~1) bacte-  al-» 2011). In contrast to the eddies of sites A and sites B,

rial (HBA, 105 mL—1) and heterotrophic nanoflagellate abundance the general characteristic was a similarity for all parameters

(HNF, 1 mL~1), (c, d), ciliate abundance (t1) and in situ fluo- ~ — €xcept viruses — comparing the eddy and stations outside
rescencee, f) in the centre of the eddy C (upper panel a, ¢, and f) the eddy (St. 11, Fig. 8a—f). Viruses were more abundant and
and at St. 11 (lower panel b, d and e). showed a remarkably similar trend with HBA inside the eddy.

Ciliates were found at their lowest abundances at these far-

east stations with no marked differences inside and outside

unexpected feature of this eddy was the presence of megp eddy (Fig. 8e, ). The eddy and St. 11 ciliate communi-

surable_phosphate in surface wgters (F'g' 8a, b)_' Nevertheﬁes were also similar in terms of the relative contribution of
less, this result should be considered with caution becaus

; T ﬁwixotrophic forms (about 29 % of total integrated biomass).
the nutrient concentration in the upper surface waters are
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3.3 Biological fluxes in the 3 anticyclonic eddies viral hosts compared to phytoplankton. Interestingly, inte-
grated profiles of VLP and HBA showed the highest and
Particulate primary production (PPp) and oxygen fluxesthe lowest variability, respectively (Table 2). Indeed, volu-
were measured twice at each site (Table 4). At sitesmetric VLP/HBA ratio varied over a wide range (3 to 96)
A and B the two PPp integrated values measured thesuggesting that viral abundance may vary over short periods
1st and the 3rd day of station occupation were simi-of time, reflecting different phases of infection and release
lar (156 vs. 165 and 192 vs. 195mgCfu—1, respec- of host cells. HNF abundance, similar to other stocks mea-
tively), while they showed some variability at site C(136 sured in this study, was about two times higher in the west,
vs. 192mgCm2d-1). Overall, values of PPp were relat- but this parameter showed overall relatively low variability
able to BP and this relationship was very strong at sites A(30%, Table 2). The significant relationship between log-
and B and weaker at C (Table 3). Integrated GPP and DCRlog HNF and HBA valuesri{= 153, % =0.29, p < 0.0001)
ranged 28—-75mmolem—2d~1 (meantsd, 54+ 18) and  and the relative invariability of bacterial numbers, together,
39-58 mmol @ m~2d~!(meantsd, 50+8), respectively, suggest that bacterial production was tightly matched by bac-
in the centre of the 3 eddies (Fig. 9). Similar to PPp, GPPterial mortality.
was more variable at site C (28 and 75 mmerd2d-1). Ciliate abundance at different stations displayed high vari-
Gross production roughly balanced with respiration and nefability with roughly a 2-fold decrease overall for ciliate
community production (NCP) fluxes were not different from standing stock from W to E, in agreement with previous stud-
zero (Fig. 9). BP was measured along 4 profiles at eachies (Dolan et al., 1999; Pitta et al., 2001; Dolan et al., 2002).
site (once per day). Average 0-150m integrated value<iliates in our study showed a significant relationship with
were 36.4:7.6, 35.6+2.9 and 27.53.3mgCnr2d?! Chl-a and their maximum abundances were related to the
(meant sd) at the sites A, B and C, respectively, and wereDCM, similar to previous reports (Dolan and Mareag 995;
barely statistically different only between A and C (ANOVA, Dolan et al., 1999). Compiled data from different studies in
p=0.035) the Mediterranean Sea have shown that this relationship may
be stronger in the W than in the E basins (Siokou et al., 2010)
as was found in our study.

4 Discussion The contribution of mixotrophic ciliates to total ciliate
biomass was important and within the range reported in
4.1 General and longitudinal features the few other existing studies of open Mediterranean waters

(Pérez et al., 1997; Dolan et al., 1999; Pitta et al., 2001). In

Our first objective was a complete documentation of the ver-our study, we did not attempt a detailed analysis of ciliate
tical and longitudinal distribution of the heterotrophic com- community composition. The mixotrophic/autotrophic cili-
ponents of the microbial food web through a transect of 17ate Myrionecta rubrawas pooled with easily distinguished
stations. Previous studies have documented the W-E gradiaxa of mixotrophic ciliatesTontoniaspp.,Laboea strobila
ents in the Mediterranean Sea but in terms of the individ-Strombidium acutum, Strombidium capitatand Strombid-
ual components of the microbial food web (e.g. Dolan et al.,ium conicun). The use of Lugol’s fixative precluded identifi-
1999; Christaki et al., 2001; Pitta et al., 2001; Van Wambekecation of mixotrophic ciliates without distinctive gross mor-
et al., 2002). Our study is the first, to our knowledge, to phology (i.e., certain smatbtrombidiumspecies); the het-
have examined simultaneously all the major components oérotrophic group likely contained some mixotrophs and thus
the heterotrophic microbial food web, from viruses to ciliates our mixotroph numbers may be underestimates. However,
and furthermore estimate biological fluxes at 3 mesoscalehe mixotrophs considered in our study are the larger forms
anticyclonic eddies situated in each of the 3 Mediterranearwhich, according to Dolan et al. (1999) and Karayanni et
basins. Overall, our observations concerning the longitudi-al. (2004), likely represent most of the mixotrophic biomass.
nal gradients were in agreement with the reported west tDolan et al. (1999) and Pitta et al. (2001) reported a more
east trends of deepening of DCM and increasing oligotrophyimportant contribution of mixotrophs in the E compared to
in terms of biomass and production from W-E (reviewed in the W basin. This pattern was not clear during our study
Siokou et al., 2010). since the contribution of mixotrophs was slightly -but not

Among the very few previous studies of viruses in open significantly- lower in the W (3% 19% and 39%15% in
Mediterranean waters, viral abundance reported varied bew and E, respectively). Overall, mixotrophs showed a high
tween 0.8 and 16 10° VLPmL~! (e.g. Guixa-Boixereau variability in their contribution in total ciliate biomass (Ta-
et al.,, 1999; Weinbauer et al., 2003; Magagnini et al.,ble 2) and the mixotrophS. acutumandS. capitatunrdom-
2007). Our estimates of viral abundance for the early sumdinated ciliate biomass at St. 25 at the DCM level (Fig. 4c,
mer ranged similarly (0.16-12 10° VLP mL~1). We found 90 % of ciliate biomass). In a recent study in the west-
a weak relationship between Chland VLP compared to the ern Mediterranean Sea, mixotrophs were found to be effi-
tight correlation of the latter with HBA (cf. results section) cient grazers of nanophytoplankton forming dense popula-
implying that heterotrophic bacteria are the more probabletions related to high Chi concentrations (Christaki et al.,
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2009). Tintinnids are also known to form patchy distribu-  While the W-E gradient among the eddies was generally
tions related to their food resources (e.g., Stoecker et al.recognizable in terms of heterotrophic biomass (Fig. 5), the
1984; Christaki et al., 2008). Accordingly, the unique high same was not true for fluxes. Integrated PPp (Particulate Pri-
tintinnid abundance recorded was in the W, at the statiormary Production) values at A, B and C varied freni40

and depth where the highest concentration of £lring to ~190 mg C nr2. Surface oxygen production roughly bal-

BOUM cruise was measured (St. 25, Table 1, Fig. 4d). anced by respiration. NCP was not significantly differ-
ent from zero in all three sites @15mmolGm—2d-1)
4.2 Stocks and biological fluxes in the 3 anticyclonic (Fig. 9) showing systems in metabolic balance (Williams,
eddies 1993).

) i i . . Athough, we have no explanation for the variability found
A major aim of the BOUM cruise was to estimate biogeo- penyeen the two station C experiments, the relatively high
chemical fluxes in open Mediterranean waters during theppy, 4t site C was rather unexpected in the sense that it
period of summer water-column stratification. The biogeo- i erged from the established W-E decreasing productivity
chemical and the stoichiometic characterisation of Stat'onsgradient as it was equal to, or even higher than (on the sec-
along the entire cruise transect showed the expected oligz day), values with siteé B and A. Moreover, compared
otrqphic gradient from the western to the Levantine basins previous estimates (May 2002) in the warm core Cyprus-
(Pujo-Pay et al, 2011). In our study we focussed on 3 wellgyqy quring the CYCLOPS experiment (Psarra et al., 2005),
established anticyclonic eddies located within the west 1Ol and PPp values reported here are 2-fold higher. If we
east gradient. The centre of established anti-cyclonic edbompare site C to the western site A, there are several in-

dies are known to be zones of nutrient depletion with 10W (o eqting differences. The elevated integrated PPp values at
rates of biological activity compared to surrounding areasg;ation C may be attributed to a deep maximum recorded

(e.g. Mourfio-Carballido 2009). However, a large variety o+ go_100m depth, since values in the 0-80 m layer were
of relative activity rates have been reported with regard t0,5, er than those at sites A and B (data not shown). Inter-

cyclonic compared to anti-cyclonic eddies as well as eddiesestingly these deep PPp and Ghinaxima are mostly as-

of different ages (Moufio-Carballido and McGillicuddy, gqciated with an N/R 10 and the presence of diatoms and
2006). These authors during a study in the °|'gomph'Cprymnesiophytes whereas the respective maxima otCtil-
Sargasso Sea have reported that positive rates occurred o a (90 m) are associated with an N5 and the pres-
younger cyclones and in areas of eddy-eddy interactionsgn e of cyanobacteria and prymnesiophytes (Crombet et al.,
whereas negative NCP rates were observed in anticyclonesy; 1) nterpretation of this peculiar character of site C is not
and older cyclone features that were decaying. Baltar egyaightforward. A plausible explanation might be the pres-
al. (20;0) reported unusual results as bpth cyclonic anq antignce of detectable, phosphate concentration (30 nM) in the
cyclonic (both “young & mature”) eddies were described gnire syrface layer (0-150 m), whereas they were below de-
as showing high prokaryote activities both per cell and asgction Jimits in the surface layers of sites A and B, despite a
bulk rates, interestingly with no differences in community geener phosphacline at site C. The origin of the higher PO
composition in surface layer communities. Most commonly, .ncentrations at site C remains obscure. Probably, the ele-
increases in heterotrophic activity characterize cyclonic edyated phytoplankton biomass and production observed at site
dies, immature “cold core” eddies. More importantly how- ¢ \yere related to the higher R@oncentrations, at an opti-
ever, very few studies have. attempted to estimate ovgral}num depth (80—100 m) where there was enough nitrate and
metabolism through comparing phytoplankton production, niyrite and light to sustain productivity and growth. Most

bacterial production and community respiration. Thus, OUrprobably, the bottom topography and vertical structure of the

goal was not simply to compare prokaryotes inside and OUt'eddy at site C (warmer and shallower) may have played a

side the eddies but rather to gauge their activity relative to th&isica| role in structuring nutrient profiles (for full details
other components of the planktonic food web. The three siteg, 1o physics, Moutin et al., 2011). Based on these obser-
investigated were located along a longitudinal axis corre~4tigns, we might argue that mesoscale activity alone is not
sponding with a gradient of increasing oligotrophy and were )\ ays sufficient to interpret the microbial food web dynam-

expected to differ, at least according to their location along;.q within the Mediterranean eddies, and the complexities

the well-described east-west gradient of increasing °|'g°tr°'engendered by particular geographic or seasonal character-

phy in the Mediterranean.We found that the 3 eddies wer§g;ics hydrodynamics and external inputs require considera-
indeed associated with low values for different metrics of 5,

the heterotrophic compartments of the microbial food web With the exception of a seasonal study at a fixed sta-
compared to the stations located outside the eddies. Metg;o i the Ligurian Sea (Le&e et al., 2002) and a late-
zooplankton biomass was also found to be lower inside the;ying early summer cruise in the open Mediterranean Sea
eddies compared to stations outside the eddies (Nowaczyk %ty Regaudie-de Gioux et al. (2009), very few data on plank-
al., 2011). tonic O metabolism exists for the Mediterranean Sea and
they are mostly restricted to coastal/frontal areas of the
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Western Mediterranean (Lé&fre et al., 1997; Navaro et al., accounted for 50 % of DCR, then the Bacterial Growth Effi-
2004; Van Wambeke et al., 2004). Our integrated GPP (28-ciency (BGE = BP/(BP + BR)) would be on average12 %
75mmolG@m~2d-1) and DCR (39-58 mmol@m—2d~1) in the 3 eddies (based on integrated data of Table 4). Gen-
values fall within the range of previously recorded values ex-erally BGE tends to be low in oligotrophic systems, perhaps
cept the ones reported by Regaudie-de Gioux et al., (2009hecause most of the DOC pool is recalcitrant and inorganic
which were higher (mean GPP 118-196 mmeh®2d~1). nutrients are scarce (del Giorgio et al., 1997). Indeed, in the

The mean integrated value in the eddies matches the meafdimeria-Oran geostrophic front and adjacent Mediterranean
integrated BP of the deep, open sea stations of the E basiwaters BGE was estimated to be 7% (Sémet al., 2003)
(394 15 mg C nm2d-1) and was clearly lower than the mean and lower values (2.6 0.1%) were obtained in the NW-
integrated BP of the deep, open sea stations of the W basiMediterranean through a coastal offshore gradient (Moran et
(61+7mgCnr2d-1, Van Wambeke et al., 2011), corre- al., 2002). Therefore, a BGE estimate of 11 % which may be
sponding to the oligotrophic nature of the eddies. The inte-high, argues that BR represented at least 50 % of DCR. Based
grated bacterial production values obtained in the 2 basin®n these assumption, BR)was sufficient to sustain bacterial
were similar to those ones previously reported for opencarbon demand at sites B and C where fluxes were not signifi-
Mediterranean Sea waters (e.g. Pedros-Alio et al., 1999¢antly different (Table 4) while this was not the case at site A.
Christaki et al., 2001; Van Wambeke et al., 2002, 2004). At this site, ratio BCD/PRg ranged 1.3-1.4 and was in ac-

The mean PPp values obtained in the three eddies are sitwordance with NCP (although not statistically different from
ated at the lower range of values reported previously in operzero, values were slightly higher than 1). Such comparisons
Mediterranean Sea waters (e.g. Moutin and Raimbault, 2002highlight that estimates of dissolved primary production are
using the same JGOFS protocol. The integrated BP/PPp raaecessary to compare metabolic balances derived from car-
tion was on average 0.170.04 over the 3 sites and corre- bon fluxes versus oxygen fluxes.
sponded to the ratio generally found in oligotrophic environ-  Indeed, NCP varies with geographical, temporal, seasonal
ments (Ducklow, 2000). It is probable that the coupling of scales and is also strongly influenced by mesoscale variabil-
the two production processes is high as shown by the stron@y (del Giorgio and Duarte 2002; Maixandeau et al., 2005).
positive relationship between volumetric BP and PPp datdt has been shown also to vary rapidly in two E-W Mediter-
(e.g., Turley et al., 2000). ranean transects (Regaudie-de Gioux et al., 2009).

However, PPp is not all of the net primary production, and Our study showed that within a gradient of oligotrophy,
estimates of PPd are needed to accurately compare primampesoscale features can be associated with zones of dis-
production with bacterial carbon demand. Unfortunately, lit- tinct trophic status. Furthermore, over short time periods,
tle information is available on percentages of extracellular re-metabolic budgets can change rapidly (e.g. as found at site
lease of photosynthate in the Mediterranean Sea, data whic&). Temporal variability over short time-periods of a few
is needed to compute total primary productionRP(ex- days suggests that characterisation of metabolic balance (i.e.,
cluding heterotrophic respiration and photorespiration). Dur-diagnoses of net autrophy or heterotrophy) should not be
ing the BOUM cruise, the percentage of PER was determineanade from single measurements in space and time, par-
3times in each eddy (Lopez-Sandoval et al., 2011). PER wasicularly in oligotrophic environments where low oxygen
significantly lower at site A compared to C (ANOVA test, fluxes are difficult to estimate with accuracy. Overall our re-
p =0.01), with means of 291, 35+ 3 and 39+ 5 at sites  sults document spatial variability in microbial processes and
A, B and C, respectively. The largest variability of PER, from community composition, as well as temporal variability of
one day to another at one given eddy, was found for the sitenetabolic rates. While predicting such variability remains a
C. This relatively high variability was also seen for PPp and challenge, consideration of both spatial and temporal hetero-
GPP, and for this reason for computingiiiPwe used each geneity likely requires incorporation into models of system
profile’s values instead of means (Table 4). budgets and basin functioning.
e oo s ouhd CorAclooecgsmeniis i « oo ofre EOUM (B

Ll . . .. geochemistry from the Oligotrophic to the Ultraoligotrophic
t”bu“,on _Of bacterla! resplratlor.] (BR) to Dark Community Mediterranean) experimenhtfp://www.com.univ-mrs.fr/BOUM
Respiration (DCR) in the Mediterranean Sea. In the NW ¢ the French national LEFE-CYBER program, the European
Mediterranean Sea, at the open water DYFAMED site, thejp SESAME and the international IMBER project. The BOUM
mean ratio BR/DCR over an annual cycle in the euphoticexperiment was coordinated by the Institut des Sciences de
zone was 67 % (Lege et al., 2002). In another annual cy- I'Univers (INSU) and managed by the Centre National de la
cle study in oligotrophic coastal Mediterranean Sea watersRecherche Scientifigue (CNRS).We also thank Josephine Ras for
an average value of 52 % (range 25 to 97 %) was recordedigment analysis. We thank the reviewers for their comments and
by Navarro et al. (2004). BR ranged from undetectable tohttp://www.anglais.webs.corfiér english corrections.
3.18mmolQ L~1d™! (Lemée et al., 2002) and from 0.27to _
3.64mmolQL-1d"! (Navarro et al., 2004). BR was not Fditedby: C. Jeanthon
measured during BOUM cruise. However, assuming that BR
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