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Abstract. Planktonic gross community production (GPP), position across the entire basin, from riverine inputs (Mar-
net community production (NCP) and community respira-tin et al., 1989; Bethoux and Gentili, 1999; Guerzoni et al.,
tion (CR) across the Mediterranean Sea was examined i1999), and from inputs with Atlantic water entering the West-
two cruises, HRESHOLDS 2006 and 2007, each crossing ern basin. Hence, nutrient inputs are highest in the West-
the Mediterranean from West to East to test for consistentrn basin, which receives the largest riverine discharge (e.qg.
variation along this longitudinal gradient in late spring to Rhone, France) compared to the eastern basin. Accordingly,
early summer. GPP averaged 284 mmolGm—3d-1, the Mediterranean Sea has been reported to show a decreas-
CR averaged 3:80.5mmolQ@ m~—23d~1, and NCP averaged ing gradient in primary production from West to East, with
— 0.8:0.6 mmol @ m—3d~1 across the studied sections, in- primary production three times lower in the Eastern basin
dicative of a tendency for a net heterotrophic metabolism incompared to the North-western basin (Turley, 1999). While
late spring to early summer, prevalent across studied seautrient inputs stimulate primary production, most of these
tions of the Mediterranean Sea as reflected in 70% of neginputs are accompanied by organic inputs as well, which
ative NCP estimates. The medi#iR ratio was 0.6, also may also stimulate planktonic respiration. Hence, it is un-
indicating a strong prevalence of heterotrophic communitiesclear whether the reported gradient in primary production
(P/R<1) along the studied sections of the Mediterraneanmay lead to a similar west-east gradient in net community
Sea. The communities tended to be net heterotrophic (i.eproduction. Yet, whether a West-East gradient in net com-
P/R<1) at GPP less than 2.8 mmoj@3d~1. The West-  munity production exists in the Mediterranean Sea has not
ern Mediterranean tended to support a higher gross primaryet been resolved, due to a paucity of reports on planktonic
production and community respiration than the Eastern basimetabolism in the Mediterranean Sea, particularly on the
did, but these differences were not statistically significant (t-Eastern basin, as the bulk of the data available derive from
test, p > 0.05). The net heterotrophy of the studied sectionsthe Western basin, with a dominance of studies in coastal
of the Mediterranean Sea indicates that allochthonous carbowaters (Gulf of Lions, Goraez et al., 2008; L&vre et al.,
should be important to subsidise planktonic metabolism dur-1997; Bay of Blanes, Duarte et al., 2004; Lucea et al., 2005;
ing the late spring. Alboran Sea, Van Wambeke et al., 2004; Majorca Island,
Gonzlez et al., 2008; Gazeau et al., 2005; Navarro et al.,
2004). Moreover, the magnitude of gross primary produc-
tion and community respiration and the possible correlation
between these processes in the Mediterranean Sea remains
goorly resolved. Yet, the metabolic balance of planktonic

1 Introduction

The Mediterranean Sea represents an anomaly in the worl ST . . P
ocean because it ranks amongst the most oligotrophic are mmunltles is a key d«_etermmant of their role in k_)|ogeo-
of the world while receiving significant land-derived inputs © em!cal cycle apd, particularly, the rol_e of planktonic com-
of both natural and anthropogenic materials. The Mediter-Munities as C@ sinks or sources qffectlng the atmosphere-
ranean Sea receives nutrient inputs through atmospheric &€ €@ transfer (Duarte and Prairie, 2005).
Here we evaluate gross community production (GPP) and
Correspondence to: community respiration (CR) across the Mediterranean Sea in
A. Regaudie-de-Gioux late spring and test the hypothesis that planktonic metabolism
BY varies consistently along the West to East gradient in the
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Mediterranean Sea. We do so on the basis of two cruises 455
across the Mediterranean SeaRESHOLDS2006 and 2007,
each crossing the Mediterranean from West to East and
back. The first cruise covered a section from Majorca Island
(Spain), Western Mediterranean, to the Black Sea, returning
to Majorca Island, in June 2006, and the second cruise cov-
ered a section from Majorca Island to Alexandria (Egypt),
returning to Majorca Island, in May 2007 (Fig. 1). 35°N

40°N }

2 Materials and methods -
0 5E 1°E~ 15°E = 20°E = 25°E 30°E

The study was conducted on board of the Spanish R/V Garcia
del Cid, involving two cruises: FIRESHOLDS2006 (4 June  Fig. 1. Distribution of the stations occupied for planktonic
2006—4 July 2006) andHRESHOLDS2007 (6 May 2007-1  metabolism determinations during thetfESHOLDS2006 (trian-
June 2007) occupying 36 and 23 stations, respectively. Agles) and HFRESHOLDS2007 (circles) cruises. The dotted line de-
each station, vertical profiles for temperature, salinity andlimits the western and the eastern basin across the Sicily-Tunisia
fluorescence were taken with a Seabird CTD attached to &trait (SIS). Also shown the location of previous studies of com-
Rosette sampling system. The metabolism of the p|ank_munity metabolism_, marked \_Nith asterisks (*) with the reference
tonic communities was measured in theRESHOLDS2006 ~ Number of the studies shown in Table 3.
and THRESHOLDS2007 at 7 and 14 stations, respectively
(Fig. 1). error of the estimates and, therefore, no correction was con-
Community metabolism (gross primary production, com- sidered necessary.
munity respiration and net community production) was de- Net community production (NCP) and community respi-
termined from changes in oxygen over 24 h in water sam-ration were measured by monitoring oxygen concentration
ples containing communities sampled from the surface layechanges in the light and dark bottles along the incubation
(5m), the Deep Chlorophyll Maximum (DCM, typically be- (Carpenter, 1965; Carritt and Carpenter, 1966). Oxygen con-
tween 40 and 120 m), and at an intermediate depth (20 m ogentrations were analysed by Winkler titration using a poten-
50m) at each station. Water samples collected from theséiometric electrode and automated endpoint detection (Met-
depths using 10-L Niskin bottles attached to a Rosette samtler Toledo, DL28 titrator) (Oudot et al., 1988). CR and NCP
pler system were carefully siphoned into narrow-mouth Win-were calculated from changes in dissolved oxygen concen-
kler bottles. The water samples were taken during the earlyration after incubation of samples under “dark” and “light”
morning and were protected by a dark screen to avoid exconditions, respectively and GPP was calculated by solving
posure to solar irradiance before the onset of the incubathe mass balance equation GPP=NCHR. The integrated
tion. The penetration of irradiance at depth was measurednetabolism rates were calculated by the trapezoid method,
with a Satlanti€™ OCP-100FF submarine irradiance profiler from the surface layer to the DCM. Occasionally, metabolism
from surface to 100 m. The percent of the surface irradianceexperiments failed, yielding “negative” planktonic commu-
reaching to the different sampling depths was calculated andhity respiration rates (i.e. oxygen in dark bottles higher than
used to adjust the incubation irradiance for the “clear” bot-initial values at the end of the incubation). These estimates
tles to that in situ using neutral density screens. Seven repliwere not considered in the analysis. Therefore, the number of
cates were used to determine the initial oxygen concentrastations where GPP, NCP and CR rates have been presented
tion, and seven replicates bottles were incubated for 24 h ifhere, are not exactly the same.
the “dark” and in the “light”. The Winkler bottles were incu- Samples of 200ml for chlorophyll a determina-
bated on deck at the water temperature corresponding to 5riions  were filtered through Millipore GF/F filters
depth. The mean temperature difference observed betweefpressure:0.3kgcnt?), frozen and then extracted for
the surface layer and the DCM at the stations occupied wag4 h with 90% acetone fluorometric determination (Turner
3.8+0.4°C and the maximum difference was around°C6  Designs fluorometer) following Parsons et al. (1984).
This difference may enhance somewhat metabolic rates of Total bacterial abundance (BA) samples were determined
DCM samples when incubated at surface temperature. Wey epifluorescence microscopy (Porter and Feig, 1980).
calculated with the activation energy equation (Raven andVater subsamples of 4 and 10ml were filtered through
Geider, 1988; bpez-Urrutia et al., 2006)210 values forR 0.2 um polycarbonate black filters and stained with DAPI
of 1.60 and NCP of 1.51, suggesting that the metabolic rate¢4, 6-diamino-2 phenylindole) to a final concentration of
presented here for the DCM layer may be 10% to 20% higher] pg mt1. During the cruises, BA was determined by flow
on average, than those at the in situ temperature for the Westytometry by FACSCalibur Flow Cytometer (Beckton Dick-
ern and the Eastern basin, respectively. This is within theinson©) as described in Ortega-Retuerta et al. (2008).
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Samples for dissolved organic carbon (DOC) concentra- ST oy
tion analyses were taken in duplicate by transferring a vol- ' o 5"
ume of 10 ml of sample into pre-combusted glass ampoules, %] ’ ==
which were then acidified with phosphoric acid to pH 2, & ol =
heat sealed and preserved in the dark until analysis. Atthe & |, %
laboratory, samples were analysed by High Catalytic Oxi- § 60 {4
dation (HTOC) technique on a Shimadzu TOC 5000 anal- [T a8 o
yser (for THRESHOLDS2006 samples) and on a Shimadzu 8012 !
TOC 5050 analyser (for IRESHOLDS2007 samples) (Ben- ' £ S/ |0 s i
ner and Strom, 1993). Standards provided by Dennis A. ' s 10°E 15°E 20°E 25°E 30°E

Longitude

Hansell and Wenhao Chen (University of Miami, USA) of
2pum and 45 pm TOC were used to assess the accuracy of th g THRESHOLD-2007

estimates. 201 o

Samples for nutrient (nitrate + nitrite, silicate and phos- os 44 = % s s
phate) analyses were collected at each depth and kept froze § 41 = ¢ g i - ot
until analyzed in a Bran Luebe AA3 autoanalyzer using stan- § S "
dard methods (Hansen and Koroleff, 1999). g 7 A/

9 2,
‘ QxR
1

Volumetric metabolic rate estimates (GPP, CR and NCP) =~
for the two different cruises were tested for normality and ho- Lo >

03
¥

ey ——

mogeneity of variances. GPP and NCP estimates were nor-  1001— ] =L —< .
mally distributed p > 0.05), in contrast with CR estimates, e e wfongituﬁ‘g ATE JEE

which deviated from normal distribution. Variances were ho-

mogeneous for GPP, CR and NCP estimates (Levene.s tes‘ltzig. 2. Chlorophylla (mgm~3) profiles across the Mediterranean
p <0.05). The Student t-test was used to compare variables, during the THRESHOLDS-2006 and THRESHOLDS-2007
distributed normally and the Kruskal-Wallis test was used t0ises.

compare variables departing from normal distribution.

50 umol C -1 at 100m depth. A DOC concentration in-
crease to 100 umol C1! was observed at in Sicily Strait.
é)uring THRESHOLDS2007, DOC concentrations showed an
average of 100 umol Ct above 50 m depth, and decreased
with depth to a mean value of 75 umol Ctat 100 m depth.

3 Results

Seawater temperature was relatively uniform across th
Mediterranean, varying from 2@ to 23°C at 5m depth,
and from 10°C to 15°C at 100 m depth across the transects
(data not shown). Chlorophyll a concentration was low, be- GPP  averaged HSE) 2.4£0.4mmolQm3d~!
low 1.0pg L1 over the entire water column (5 to 200m) across the sections (Table 1) and remained below
across the studied section, except in the Balearic Sea, wheddmmolGm~3d~* in the euphotic zone (Fig. 3), ex-
chlorophyll a concentration increased up to 4.5pglat ~ cept for the subsurface maxima of the Aegean Sea (at
50 m depth during FIRESHOLDS2006 and up to 1.2 ugt!  25.92 E) where GPP reached 15.1mmel@ 3d~. GPP
at 70m depth in the Sicily-Tunisia Strait, duringi®esH differed significantly between theHRESHOLDS 2006 and
oLDS-2007 (Fig. 2). Total BA showed similar average 2007 (t-test,p =0.012) with higher rates observed in the
values during FRESHOLDS2006 (5.9:1.1x 10° cellml1) THRESHOLDS 2006 cruise. GPP showed a diversity of
and THRESHOLDS2007 (5.6:0.3x10° cellml~2, Table 1).  Vertical profiles, from lack of vertical structure to strong
BA showed higher values in the Eastern basin duringvertical heterogeneity with surface or deep maxima (Fig. 3).
THRESHOLDS 2006 (7.661.2x10° cellmi-1) than during  CR averaged 3:80.5mmol@m~3d~* and also remained,
THRESHOLDS2007 (4.2-0.4x 1P cellmi~1) and the oppo-  for the majority of stations, below 10mmop@n—3d*
site was observed in the Western basin, with BA higher dur-throughout the sections (Table 1). CR was significantly
ing THRESHOLDS 2007 (63:040(1@ cell m|—1) than dur- hlgher in THRESHOLDS 2006 than in HRESHOLDS 2007
ing THRESHOLDS2006 (2.4:1.3x10° cellml2). (Kruskal-Wallis testp = 0.031). CR also showed a diversity
Nutrient concentrations were generally low (Table 1), par-Of vertical profile patterns across the stations, typically
ticularly for phosphate, which was often below the detec-including a subsurface maximum (Fig. 3).
tion limit (0.05umol P 1) of the analysis. Dissolved or- NCP averaged — 0480.6 mmolG@m—3d-1 across the
ganic carbon ranged two fold within basins (Table 1), with sections (Table 1) and showed contrasting vertical patterns
DOC concentrations generally declining with depth. During (Fig. 3). NCP was similar between theiRESHOLDS2006
THRESHOLDS2006, seawater surface had an average DOCand 2007 cruises and did not differ across the basins. NCP
concentration of 120 umol C1! and decreased to reach values were below 5mmol@n—3d-1, with a prevalence
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45°N

Table 1. Mean, SE, Range and number of estimates of volumetric

gross primary production (GPP), community respiration (CR) and

net community production (NCP) rates (mmal @ 3d-1), DOoC

(Dissolved Organic Carbon, pmol Ct), nutrients concentrations

(umol L~1) and bacterial abundance Ei€ell mi~1) in the western 35°N
and eastern Mediterranean basins, duriRESHOLDS2006 (1)

and 2007 (2).

Western Basin Eastern Basin 30N
1 2 1 2
Mean 45 29 49 1.2
SE_ _ 2.3 11 1.3 0.2 25°N
GPP Minimun 2.1 0.6 11 0.1
Maximum 9 8 15.1 2.9
N 3 7 10 25 45°N
Mean 6.4 6.2 4.8 2.4
SE 3.4 2.3 0.8 0.4
CR Minimun 2.4 06 09 0.1 40°N
Maximum 13.1 16.9 8.9 8.2
N 3 7 10 25
Mean -2.6 2.7 022 -0.4 35°N
SE 95 14 1.3 0.6
NCP Minimun -18.6 -89 -2.8 -6.4
Maximum 11.1 14 118 8.1
N 6 8 11 28 30°N
Mean 76.9 84.3 88.6 78.9
SE 8.2 48 59 2.2
DOC Minimun 54 548 45 428 25°N
Maximum 147 1417 183 1285
N 13 18 34 66
45°N
Mean 0.1 0.1 0.1 0.1
SE 0 0 0 0
Phosphate Minimun 0 0 0 0
Maximum 013 02 02 02 40°N
N 13 18 34 66
Mean 0.6 1 07 0.8
SE 0.1 02 01 0.1 IFN
Silicate Minimun 0 03 0.2 0.1
Maximum 17 3.3 14 4.1
N 13 18 34 66 30°N
Mean 0.8 11 0.5 0.7 )
SE 0.3 04 0.1 0.1 3
Nitrite and Nitrate  Minimun 0 01 0 01 25°N | !
Maximum 33 56 28 42 0 5°E  10°E 15°E 20°E 25°E  30°E
N 13 18 34 66
Mean 24 62 76 47 Fig. 3. Vertical3 prc1>files of grogs prima!'y 'production
SE 13 04 12 0.4 (GPP, mmol@m~>d~+), community respiration (CR,
Bacterial Abundance  Minimun 0.2 52 47 05 mmolO;m~3d~Y) and net community production (NCP)
Maximum 62 85 166 111 (mmol O, m—3d~1) profiles at each station along the Mediter-
N 5 8 10 28 ranean studies combined for theHRESHOLD-2006 (triangles)

and 2007 (circles) cruises (for more detailed information see
supplementary material: http://www.biogeosciences.net/6/3081/
2009/bg-6-3081-2009-supplement pdf
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of negative values (70% of the estimates) indicative of a 2 . . . . . . .
prevalence of net heterotrophic communities during the two o Dt N

cruises. The media®/R ratio was 0.6 indicating also a ES | ‘D Bawenbesin i
strong prevalence of heterotrophic communitiéd K<1)

along the studied sections during late spring. The major- 1L ¢ ]
ity of the Mediterranean regions examined supported het-

erotrophic communities, except for the lonian Sea with a 05| 4

PIR ratio of 1.35 (Table 3), where autotrophic communi- &4
ties prevailed. No significant relationships were observed be- %ﬁ 0}
tween the metabolic rates (GPP, CR and NCP) and nutrient 5

concentrations, DOC concentrations or bacterial abundance -0.5 - -
(p > 0.05).

The PIR ratio tended to increase significantly?€£0.34, Al 1
p<0.05) with increasing gross primary production (Fig. 4)
implying that the studied communities tended to be L5+ 7
net heterotrophic (i.eP/R<1) at low GPP and net au-
totrophic at high GPP. The volumetric GPP required '2_2 15 1 05 0 05 1 15 2
for production to balance respiration (GPP at GRIP= 3
was 2.8mmol@m—3d-1, with the GPP threshold log GPP (mmol 02m d)

for the Western basin being more than 2-fold higher
(GPP=4.7 mmol @m~3d~1) than that for the Eastern basin Fig. 4. The relationship between log of gross primary production
(GPP=1.9mmol@m—3d-1). to community respiration ratio®/R) and log of gross primary pro-
duction (mmol Q@ m—3d~1) in the Western (diamonds) and East-
ern (squares) basins of the Mediterranean Sea. The solid line shows
4 Discussion the fitted linear regression model Il equation (both basins): log
P/R=1.09 ¢0.12) log GPP-0.48 &0.06) @2:0.34,p<0.0001).
The two cruises presented here showed a broad range of
planktonic metabolic rates across the Mediterranean. The
volumetric GPP and CR, as well as the chlorophyll a concendished works reported the presence of late winter (February—
tration, were significantly higher duringiRESHOLDS2006  March) phytoplankton blooms (Duarte et al., 2004, Navarro
than THRESHOLDS2007 (Kruskal-Wallis testp < 0.001). et al., 2004; Agusti and Duarte, 2000; kefe et al., 1997).
Whereas GPP and NCP tended to be somewhat higher ihefevre etal. (1997) explained that in winter thedRle River
the western compared to the eastern basin, these differenc&gter moves rapidly westwards, providing fresh nutrients
were not statistical significant, so no significant West-Eastinto the Gulf of Lion, and giving rise to a winter diatom
gradient in planktonic metabolism was supported by ourbloom. Navarro et al. (2004) observed high values of GPP
data. in February, coinciding with the late winter phytoplankton
Planktonic communities across the studied sections duringloom when high chlorophyll a concentration was observed.
late spring tended to be heterotrophic, consistent with availGazeau et al. (2005) observed also a phytoplankton bloom
able reports of metabolic seasonality for the NW Mediter- in March at Palma de Mallorca Bay. These observations, de-
ranean littoral (Duarte et al., 2004; Navarro et al., 2004; Sattsscribing a late winter-early spring phytoplankton bloom, may
etal., 1996). The prevalence of heterotrophic conditions duraccount for the relatively low C9values observed during
ing the studied period was consistent with the supersaturatiod HRESHOLDS2007.
in CO, of surface Mediterranean waters across tRRESH- The P/R ratio tended to increase with increasing GPP
OLDS 2006 cruise (more than 20 stations), with the mean(Fig. 4) indicating that the most productive areas, asso-
pCOs in surface waters exceeding atmospheric equilibriumciated with the Sicily-Tunisia Strait separating the West
by, on average, 4614 ppm (Vaquer-Sunyer, unpublished and East basins, tend to support net autotrophic plank-
data). These data are in accordance with the data observadnic communities. Comparison of GPP rates between
by D'Ortenzio et al. (2008) and Copin-Mdrgut et al. (2004)  autotrophic (NCBR-0) and heterotrophic (NGEO) sam-
who showed surface Mediterranean seawaters to be supersatles showed that the mean GPP tended to be higher,
urated inpCQO, during late spring-early summer. In contrast, but not significantly so (t-test,p > 0.05), for au-
the mean atmospherjgCO, during THRESHOLDS2007 was  totrophic (GPP mean=3451.1 mmol @ m—3d-1) than for
371 patm (mean sea-air differene@8+4 ppm,Alvarez, un-  heterotrophic (GPP mean=22.3 mmol@ m—3d-1) com-
published data), implying that the Mediterranean Sea actednunities. However, there were significant differences (t-
as a sink for atmospheric GOpossibly a legacy from the late test,p < 0.05) in GPP between autotrophic and heterotrophic
winter-early spring bloom preceding this cruise. Some pub-communities once the major differences in GPP among
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Table 2. Western to Eastern ratios of planktonic community com- This study reports the first assessment of planktonic com-

ponents and processes integrated to the DCM (Deep ChiorophyMUnity metabolism across the Mediterranean during late
Maximum). Ratios for this study were calculated as the ration of SPring of two yearly consecutives cruises, as previous re-

the mean value for each basin. ports focussed on particular regions, mostly coastal areas
in the NW Mediterranean (Table 3, Fig. 5). In addition to
Variable West:East References riverine inputs, atmospheric inputs, which are high across

the Mediterranean (Guerzoni et al., 1999), are an important

(Br:;tg”;_bzl? mass 0.75 Turley etal. (2000) source of organic carbon (Dachs et al., 2005; Jurado et al.,

. _ 2008), providing, along with riverine inputs, the allochtonous
BaCte“a'_groileCt'on 1.87  Turleyetal. (2000)  carhon required to support net heterotrophic communities.
(mg Cnm=d™) The metabolic rates observed in theRESHOLDScruises
Bacterial growth rate 227 Turleyetal. (2000)  \were somewhat higher than previously reported rates (Ta-
(@ ble 3). This could be explained by the fact that most pre-
Net Primary Production 3.33 Turley etal. (2000)  vious studies were conducted during the winter and/or fall,
(mg Cnr2d-1 whereas planktonic metabolic rates are highest, both for CR
Chlorophyll 1.13 Turley et al. (2000) and GPP, in early summer, when an increase in metabolic
(mg m—2) rate per unit autotrophic and heterotrophic biomass has been
Chlorophylla 1.55 This study reported for the Mediterranean Sea (Satta et al., 1996; Duarte
(mg n2) et al., 2004). Also some of the literature rates were derived
GPP 1.37 This study from shallow littoral stations (Table 3), where vertically inte-
(mmol O, m—2d~1) grated metabolic rates were constrained by the water column
CR 174 This study depin available. . y

2 1 Our study shows that net heterotrophic communities pre-

(mmol G m™=d™5) vailed at GPP rates4 mmol O m—3d~1 during late spring
NCP 1.46*  This study

for the studied sections of the Mediterranean Sea. The GPP
threshold for metabolic balance for this study is somewhat
higher than those reported earlier for NW Mediterranean
Ccoastal areas (Bay of Palma: 2.8 mmel@®3d—1, Navarro
et al., 2004; and Bay of Blanes: 3.8mmal@3d1,
Duarte et al., 2004) and well above that for the global
ocean (1.1mmol@m=3d-1, Duarte and Regaudie-de-
cruises were considered. Hence, planktonic communitiessioux, 2009), implying that the GPP necessary to balance
tended to be net heterotrophic at low GPP and net autotrophigommunity respiration for Mediterranean communities dur-
at high GPP within any one cruise. ing these studies is three times higher than that for the global
Turley (2000) reported significant gradients between theocean. This suggests that a higher gross primary produc-
western and the eastern basin in primary production (West taion is required to compensate for the excess respiration sup-
East ratio=3.33p=0.018, t-test), bacterial production (West ported by the high inputs of allochthonous organic carbon to
to East ratio=1.87p=0.029) and bacterial growth rate (West the Mediterranean Sea during late spring.
to East ratio=2.27p=0.007). Our data suggest a similar, but  In conclusion, the study presented here provides evidence
not significant p>0.05), trend across basins for GPP (West that the planktonic communities of the studied regions dur-
to East ratio=1.37, t-tesp=0.68) and for CR (West to East ing the late spring in the Mediterranean Sea tend to be net
ratio=1.74, t-testp=0.37), consistent with the enhanced bac- heterotrophic, as supported by previous reports from stud-
terial abundance and activity in the Western basin reported byes conducted mostly in coastal areas. Whereas the West-
Turley (2000). Hence, NCP in the Western basin tended tcern Mediterranean supports a higher gross primary produc-
be more negative than that in the Eastern Basin (Table 2)tion than the eastern basin does, it also supports higher com-
However, the important variability within basins rendered munity respiration rates, so that net community production
these differences in metabolic rates not statistically signifi-tends to be more negative in the Western than in the East-
cant (p=0.88, t-test). Although GPP seems to be enhancedern basin during late spring. Planktonic metabolism in the
in the less oligotrophic Western basin relative to the EasterrMediterranean Sea is likely to be very sensitive to changes
basin, CR is increased as well as riverine inputs are accomin organic carbon inputs. Regulation of major rivers gRa,
panied by important loads of organic matter @efe et al.,  Ebro, Nile, Po) discharging in the Mediterranean, changes in
1997; Moutin et al., 1998; de Madron et al., 2002) that en-the aerosol load over the Mediterranean, and increased hu-
hance community respiration. Accordingly, planktonic com- man population in the basin may all have affected commu-
munities in the Western Mediterranean also tended to be hetity metabolism and the role of planktonic communities in
erotrophic in this study during late spring. the CQ budget of the Mediterranean Sea. Whereas the data

(mmol O, m—2d~1)

* Mean net community production was negative, heterotrophic, s
that the ratie-1 implies NCP to be more negative in the Western
than in the Eastern basin.

Biogeosciences, 6, 3082689 2009 www.biogeosciences.net/6/3081/2009/
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Table 3. Geometric mean of the integrated (euphotic zone) planktonic metabolic rates (mmoi<—1) and of theP/R ratio for different
studies of planktonic communities metabolism in the Mediterranean Sea (Fig. 1). The number of stations (N station) and number of individual
volumetric estimates (N depth) in each study is also shown. We just took into account stations with metabolism analysed for 3 depths.
Authors Region Date Depth GPP R NCP P/R N N
Ref. (m) station depth

1 Lefévre et al. (1997)
2 Gonzalez et al. (2008)

Gulf of Lions 12/1988 - 03/1992 53 722 72,71 -05 1 19 83
Gulf of Lions 10/2002; 12/2002; 30 247 265 15 07 4 16
03/2003; 06/2003

3 Duarte et al. (2004)
4 Lucea et al. (2005)

Bay of Blanes 03/1988 - 10/1994 5 129 234 -105 06 333 333
Bay of Blanes 01/1996 - 12/1997 15 283 413 -130 07 23 23

5 Lefevre et al. (PANGEA 2001)
6 VanWambeke et al. (2004)

Alboran Sea
Alboran Sea

12/1997 - 01/1998 60 348 403 -55 09 8 40
12/2001 - 01/2002 80 259 330 -71 08 7 n.d.

7 Navarro et al. (2004)
8 Gazeau et al. (2005)

Bay of Palma 06/2001 - 10/2002 7 232 219 -47 08 14 14
Bay of Palma 03/2002 - 06/2002 26 68.0 54.0 15 13 4 32

9 Gonzalez et al. (2008) Bay of Palma 06/2002 20 46 581 -64 11 4 16

10 Robinson (2000) Aegean Sea  06/1996; 09/1996; 7 25.2 130.2 -105.0 0,2 10 16
06/1997

This study Western basin 06/2006; 05/2007 54 1959 370,3 -1554 0,6 3 9

This study Eastern basin 06/2006; 05/2007 63 1186 1569 -829 13 9 27

@ data reported in carbon units converted to oxygen units assuming a 1.25 molar stoichiometry betaadrOqWilliams, 1979; Davies
and Williams, 1984).
n.d.=not determined.

45°N
Western Mediterranean
GPP =195.9 £2.0 £
CR=3703+1.9
NCP =-155.4+ 128.0
40°N PR=0.5 ﬁ#
Threshold GPP =4.7

N estimates= 3 Eastern Mediterranean

restricted to the late spring-early summer period and cannot
resolve the annual metabolic balance of the communities. In-
deed, resolving simultaneously the variability in planktonic
metabolism across seasons and at the basin scale is a daunt-
ing task, which has not been completed as yet at the basin

35°N

30°N
(1

Fig. 5. Integrated (0—100 m) geometric mearSE) metabolic rates

5°F 10°E

GPP=118.6 =1.1
CR=1569=+1.3
NCP =-82.9 = 16.4
P/R=0.8
Threshold GPP = 1.9
N estimates = 9

20°E 25°E

(mmolOzm*2 d=1) in the western and eastern basing=@2),
along with the corresponding geometric integrated meaR ra-
tio, threshold GPP for GPR and number of estimatesv{ for -
this study. The Geometric means were calculated for stations witf’rogram 6 of the EU, and a complementary action (CTM2005-

metabolism analysed at 3 depths.

scale for any sea. The data presented here, although limited
in their own right, provide a useful and unique resource to
continue to improve and validate models, such as that pre-
sented by D’Ortenzio et al. (2008), that can be used, once
properly validated, to integrate across scales. The combina-
tion of large-scale surveys, such as those presented here, and
models may help resolve the metabolic balance of Mediter-
ranean planktonic communities and its response to organic
inputs delivered by river discharge and aerosol inputs.
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