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Abstract

In the framework of the PROOF-PECHE project (http://www.obs-Vvlfr.fr/proof/vt/op/ec/
peche/pec.htm) a multi-disciplinary team performed experiments and collected sam-
ples during the DYNAPROC2 cruise aboard the RV Thalassa from September to Oc-
tober in 2004. The cruise provided data on the functioning of the pelagic food web
by sampling over a month long period in the NW Mediterranean Sea at a fixed station
subject to weak horizontal advection currents during a period of hydrological stabil-
ity. This paper describes the background of the cruise and provides an overview of
the results derived from the campaign which constitute the special section. The ma-
jor objective of the cruise was to assess the relative importance and variability of the
pathways of carbon in the open ocean. Intensive sampling through 4 periods of 5 days
each was accomplished a site near the DYFAMED time-series site. The site was near
stable in terms of hydrodynamics as there was some evidence of an intrusion of low-
salinity coastal water. One major product of the cruise was a comprehensive data set
data set acquired by sampling at high frequencies (ranging from every 3, 6, 12 and/or
24 h) and over a vertical spatial dimension so far never explored (0—1000 m) in the
North Western Mediterranean Sea. Parameters investigated included the biochemical
composition of DOM (lipids), and the structure of bacterial communities, phytoplank-
ton and zooplankton community compositions and abundances, as well as zooplankton
metabolism, and particulate organic carbon fluxes. Nearly all the parameters described
in this section, as well as reports appearing elsewhere, showed time-course variabili-
ties of similar magnitude to those known from a previous study of the spring-summer
seasonal transition, a period of marked hydrological change, at the same study site.

1 Background

Research efforts in biological oceanography have been concentrated in recent years
around two major themes: 1) the responses of biological systems to shifts in forcing
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factors, especially climatic changes and 2) the interactions between biogeochemical
cycles and the structure and function of ecosystems. Advancing within either theme
requires knowledge of the variability of the structure and function of pelagic ecosys-
tems. The project PECHE (Production and Export of Carbon: control by HEterotrophic
organisms at short temporal scale) and its main operation, the oceanographic cam-
paign DYNAPROC 2, was designed with the specific goal of assessing variability in the
pelagic food web and its effect on biogeochemistry, targeting an oligotrophic system,
the NW Mediterranean Sea at the end of the summer.

Satellite images clearly show the fact that ocean physics pay an essential role in gov-
erning the spatial and temporal distribution of phytoplankton. Thus, productive areas
correspond with those in which the euphotic zone is nutrient-rich, for example, from
deep water inputs. For phytoplankton, the role of resources (i.e., nutrients) has long
been considered as more important than that of predation or grazers. Nonetheless, the
possibility that consumers of phytoplankton could play a large role, in especially in open
ocean systems has been suggested repeatedly (e.g. Banse, 1994, 1995; Verity and
Smetacek, 1996). Furthermore, the activity of grazers can affect, directly or indirectly,
other components of the plankton food web, for example, bacteria and bacterivores
(Christaki and Van Wambeke, 1995; Christaki et al. 1996, 1998; Van Wambeke et al.
1996). Likewise, activities of the terminal trophic levels in food web models often af-
fect components throughout the food web. For example, Steele and Henderson (1992)
underlined the importance of the top predators and Frost and Franzen (1992) showed
that their model correctly reproduced phytoplankton dynamics only when it included
2 trophic levels of carnivores. Obviously, the functioning of pelagic food webs depends
on some equilibrium between resources and predation. While the relative importance
of the two remains a subject of debate (e.g., Longhurst, 1991; Banse, 1995; Franks,
2001; Marine Zooplankton Colloquium 2, 2001), there is, regardless, a need to quantify
the variability in the activity of grazers on a variety of temporal and spatial scales for
a correct portrayal of pelagic food web dynamics.

Further complicating the situation with regard to pelagic food webs is the fact that
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there are, schematically, two principle carbon flux pathways: “microbial” and “her-
bivorous”. The microbial pathway is mediated by the activities of heterotrophic and
autotrophic procaryotes, viruses, pico and nano-eucaryotes both autotrophic and het-
erotrophic, ciliates and other heterotrophic protists. The herbivorous pathway traces
fluxes through large phytoplankton (typically diatoms and dinoflagellates) and meta-
zoan zooplankton such as copepods, salps, etc. The distinct manners in which the
two pathways contribute to the biological CO, pump can be illustrated by recalling
Longhurst’s (1991) classification of biological pumps (Fig. 1): 1) Rotary Pump, cor-
responding to the retention and circulation of matter within the euphotic zone inside
microbial loops, 2) Archimedean Pump, representing the vertical flux of particulate
matter in the form of fecal pellets, marine snow, carcasses, etc. produced by metazoan
plankton and phytoplankton in the herbivorous pathway, and finally, 3) Reciprocating
Pump reflecting the activities of organisms which migrate vertically in the water column
from the deep layers to the surface waters. It is worthwhile reviewing mechanisms and
organisms involved in each “pump” to situate the various foci of the multidisciplinary
study DYNAPROC 2.

The Rotary Pump rotates around heterotrophic bacteria. They play an essential
role assimilating and re-mineralizing particulate and dissolved organic matter. They
are unique in their capacity to concentrate and re-package dissolved organic matter
and thus release back into solution nutrients essential for primary production. Para-
doxically, despite the clear importance of bacterial activities, the precise nature of the
relationships between organic matter (concentrations, characteristics) and the compo-
sition or activity of bacterioplankton are poorly known and were thus one of the foci of
the Dynaproc 2 study.

The Archimedean Pump (downward flux of particulate organic matter) represents the
net activity of a very diverse set of metazoan organisms in terms not only of taxonomy
but also ecology. For example, different organisms have very distinct relationships of
prey to consumer size comparing copepods which feed on diatoms to appendicularians
feeding on bacteria (Longhurst, 1991; Fortier et al., 1994). Different taxa produce par-
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ticulate matter with distinct characteristics. Knowledge of the community composition
of the metazoan zooplankton and its variability in feeding activity is needed to assess
the effects of their activities and represented another focus of the DYNAPROC 2 cruise
campaign. Another source of particulate organic matter can be phytoplankton, either
whole senescent cells, or coagulated matter of phytoplanktonic origin. Little is know
concerning its temporal variability.

Part of the organic matter produced in the surface layer is transferred to depth not
through the sedimentation of non-living matter but rather through active transport by
organisms which migrate through the water column. The Reciprocating Pump is the
result of the activities of diel migrators. The possible importance of migrators both
in terms of carbon flux to deep layers in the ocean, as well as a structuring element
in surface layer food webs, while recognized, has been neglected (e.g. Angel, 1989;
Longhurst, 1991; Banse, 1995; Marine Zooplankton Colloquium 2, 2001). Assessment
of vertical migrators was an important focus for the DYNAPROC 2 study.

High-frequency observations were made during the DYNAPROC 2 study which was
hydrologicaly relatively stable. This permitted some interesting comparisons to be
made between the variability encountered and that recorded during a previous multi-
disciplinary study carried out during the spring to summer transition in 1995 (detailed
in Andersen and Prieur, 2000; Copin-Montégut, 2000; Goutx et al., 2000; Pérez et al.,
2000; Stemmann et al., 2000; Vidussi et al., 2000; Andersen et al., 2001a, b; Van
Wambeke et al., 2001). Below we will first very briefly review the cruise plan then
briefly recapitulate some of the findings described in detail in the individual papers
of this special section. In the framework of the PECHE project, two additional short-
cruises were conducted at the DYFAMED site in March and June 2003 (Garcia et al.,
2006; Ghiglione et al., 2007; Bourguet et al., 2008) whose results are used as spring
and early summer reference in several individual papers of this special issue.
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2 Cruise summary

The DYNAPROC 2 cruise campaign (Dynamique des Processus Rapide dans le
Colonne d’Eau) began 14 September and ended 17 October aboard the research ves-
sel N/O Thalassa. The principle observations were made at a Time Series Station
(TSS) located at 43°25N, 8° E between Nice and the island of Corsica near the Dy-
famed Time Series Station (reviewed in Marty, 2002) (Fig. 2a). A grid of 16 satellite
stations was also sampled 3 times to verify horizontal gradients surrounding the TSS
central point as weak (Fig. 2b). Intensive sampling was conducted through 4 cycles
of 5day duration. The cruise was composed of two legs, with sampling at the TSS
beginning on 17 September to 30 September and resuming on 2 October, continuing
until 14 October.

Throughout the sampling periods, the TSS was located beyond the Liguro-Provence
front and the Ligurian coastal current. This conclusion was based on: 1) monitoring the
temperature and salinity of the mixed layer and the dynamic height calculated for each
of 10 CTD casts per day, 2) drift of the sediment trap line, and 3) preliminary analysis of
the ADCP current data. The system remained stratified throughout the cruise except at
the end, when the second wind event induced the mixing of the surface layer (Fig. 3a
and b). However, two incidents of an intrusion of low-salinity (<38.3) water, presumably
of coastal origin, were noted. The first one occurred between 21-30 September with
low salinity waters found from 15 to 75 m depth, and the second one from 9—12 October
found from 20 to 40 m depth (see Fig. 3c). The sampling site was characterized by
a strong, persistent, thermocline found at about 25 except at the end of the sampling
period (11-16 October) when the thermocline was located at 40 m depth.

3 Phytoplankton

Organic carbon circulating in the biological pump (either Rotary, the Archimedean or
the Reciprocating Pumps) originates for the most part as primary production by phyto-
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plankton. Assessing the concentrations, composition and rates of primary production,
and variabilities over short time scales, was a major goal of DYNAPROC 2. Phytoplank-
ton were investigated in terms of pigment composition and concentrations, carbon fix-
ation (Marty et al., 2008) as well subjected to microscopic examination (Lasternas et
al., 2008).

Pigment analysis was based on high frequency sampling, every 3 to 6 h during the
4 cycles of 5days each. A distinct chlorophyll maximum was present at about 50 m
depth through the sampling (Fig. 3d). Integrating through the first 100 m of the wa-
ter column, which encompassed all detectable pigment concentrations and carbon-
fixation rates, total chlorophyll ranged widely, from 45 to 17 mg m?, with high values
at the beginning of the cruise. Similarly, primary production ranged from roughly 500
to 200 mng‘1 m?. Interestingly, there was a quite variable assimilation rate, car-
bon fixation per unit chlorophyll, similar to that found during the 1995 study of the
seasonal transition (Vidussi et al., 2000). Gradients in chlorophyll concentrations and
shifts in community composition of the phytoplankton based on pigment-based agreed
with microscope-based observations. For example, both pigment data and microscopic
examinations showed two distinct occurrences of diatoms, below the chlorophyll max-
imum depth, first in mid-September, then again in early October (Marty et al., 2008;
Lasternas et al., 2008).

The average values of chlorophyll concentration and primary production estimated
during DYNAPROC 2 were similar to those estimated for DYNAPROC in 1995 which
targeted a seasonal transition. Considering the total ranges found throughout the
present study, the variabilities of factors of 2—3 encountered in bulk concentrations
and rates (e.qg. total chlorophyll-a and primary production) exceeded those found in the
earlier study which encompassed the transition from spring to summer (Vidussi et al.,
2000). Nonetheless some parameters were relatively stable. The number of taxa, for
both diatoms alone and dinoflagellates alone varied within a relatively narrow range
(£15%) while the identity of the taxa shifted considerably, for instance, from centric to
pennate diatoms (Lasternas et al., 2008).
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4 Ciliate microzooplankton

Ciliate microzooplankton consume primary production in the smaller size-fractions,
from 2-20 microns. Carbon consumed by ciliates is largely respired in the surface
layer; their activity then is part of the Rotary Pump of the microbial loop. Small phy-
toplankton taxa, based on pigment signatures, overwhelmingly dominated the phyto-
plankton (>80% of the biomass) during DYNAPROC 2 (Marty et al., 2008) suggesting
ciliate grazing to be an important carbon pathway.

Ciliates were found in concentrations ranging narrowly, between water column aver-
ages of 750-1250 I~"in the top 90 m of the water column (Lasternas et al., 2008). As
most of the ciliate cells were less than 30 um, it is likely that their major role was that
of “microbial grazers”. Compared to the 1995 study of the spring to summer transi-
tion (Perez et al., 2000) with average surface layer concentrations of 3000 ciliates 1,
ciliate concentrations were low. Recalling that chlorophyll concentrations and primary
production were similar in the 1995 study, a larger portion of the primary production
may have been available to the larger metazoan grazers. The community composition
of the ciliate component of the food web was assessed in part through an examination
of the tintinnid ciliate assemblage. Recalling the patterns found among diatoms and
dinoflagellates (Lasternas et al., 2008), the number of species found on each sampling
date varied within a narrow range while the identity of the taxa changed (Dolan et al.
2008; Raybaud et al., 2008b).

5 Bacteria

Bacteria represent the center of the “Rotary” carbon pump, consuming pre-formed
organic matter, both dissolved and particulate. Bacteriovores and viruses are the con-
sumers of bacterial production most of which is respired in the surface layer and thus
not exported to depth. However, bacteria attached to particles of a size sufficient to
sediment represent an exception and would be part of the “Archimedean Pump”. In
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the DYNAPROC 2 program bacterial abundance and production was estimated for
both “free-living” and particle-attached cells over the 5 week sampling period (Mével
et al., 2008). Community composition of the free-living component was examined 4
times, each time sampling communities at 10 depths between the surface and 1000 m
depth. Comparison of the communities revealed the existence of distinct communities
(Ghiglione et al., 2008). Molecular fingerprinting showed a vertical zonation of bac-
terial assemblages in three layers, above, in or just below the chlorophyll maximum
and deeper, that remained stable during the entire sampling period. Direct gradient
multivariate ordination analyses revealed that a complex array of biogeochemical pa-
rameters was the driving force behinds bacterial community structure shifts in the water
column.

Bacterial biomass was equivalent to about 50% of that of phytoplankton, based
on a chlorophyll-based estimate of phytoplankton carbon. Bacterial carbon averaged
about 700 mg m=3C integrating through the top 150 m of the water column (Mével et
al., 2008) compared to a rough estimate of phytoplankton biomass as about 1 500 mg
derived from an average of 30 mg chlorophyll m™3 (Marty et al., 2008) and a chlorophyl
to carbon ratio of 50.

Abundance of bacteria was lower than that found in bloom and post-bloom conditions
in this area (Mével et al., 2008; Van Wambeke et al., 2001). Bacterial production, in
carbon units averaged about 29 mg C m=2d7", suggesting that bacterial production was
low relative to both total bacterial biomass and phytoplankton production. In contrast,
periodically, a large portion (up to about 50%) of bacterial activity was associated with
particle-attached bacteria, as previously observed at the same sampling site under
spring conditions (Ghiglione et al., 2007). Thus while the Rotary Pump appeared to
be a minor pathway of carbon in the surface layers, microbial biomass as particle-
attached carbon, may have been significant inputs to deep layers periodically, via the
Archimedean Pump.

5241

BGD
5, 5233-5251, 2008

Short-scale temporal
variability in the
Mediterranean

V. Andersen et al.

Title Page
Abstract Introduction
Conclusions References
Tables Figures
1< >l
< >
Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion


http://www.biogeosciences-discuss.net
http://www.biogeosciences-discuss.net/5/5233/2008/bgd-5-5233-2008-print.pdf
http://www.biogeosciences-discuss.net/5/5233/2008/bgd-5-5233-2008-discussion.html
http://creativecommons.org/licenses/by/3.0/

10

15

20

6 Zooplankton

The zooplankton community is at the center of both the Archimedean pump, as produc-
ers of particulate organic matter, and the reciprocating pump in the form of vertically
migrating taxa. Species composition, abundances and diversity are detailed in Ray-
baud et al. (2008a) and Mousseau et al. (2008). Zooplankton biomass was found to
vary greatly, between 0.25¢g m~? and 3.89 m~2 over the top 200 m of the water col-
umn. The importance of vertical migrators was evident with nighttime biomass values
as much as 5 times that of daytime concentrations. The zooplankton community during
the night was not only more abundant but also more diverse in terms of species of large
copepods (Raybaud et al., 2008). Compared to the previous studies conducted during
the spring to summer transition in 1995 (Anderson et al., 2001a, b) a similar range of
concentrations of large copepods was found but the species compositions differed.

7 Lipids - dissolved organic matter

The activity of the carbon pumps can be gauged in qualitative terms by examining the
composition and concentrations of dissolved lipid classes. Goutx et al. (2008) found
evidence of dissolved organic matter originating from grazing on the smallest class of
phytoplankton. Furthermore, they documented the appearance of zooplankton wax es-
ters first in the surface layer and later in deep waters. They related phospholipids in the
400-1000 m depth layer to bacteria growing on DOM released from sinking agregates.

8 Export fluxes

POC fluxes varied by an order of magnitude, in the range 0.03-0.29mgC m=2h~" over

the month (Marty et al., 2008). The mean export ratio for the cruise was of the order

of 2% of the primary production, which agreed well with export ratios measured at

the end of the DYNAPROC 1 cruise in oligotrophic conditions (1—2%) (Goutx et al.,
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2000). The most striking evidence in the data was the rapid change in fluxes of the
various measured parameters. A day night periodicity was apparent in fluxes, POC
fluxes being higher during night time probably linked to diel fluctuation of zooplankton
grazing. Unlike during DYNAPROC 1 when the wind increased vertical particle flux,
in the situation encountered here, the effect of wind events was a decrease of fluxes
probably through reduction of zooplankton grazing. But fluxes increased as soon as
calm conditions prevailed.

9 Intrusion of low salinity water

Intrusions of low-salinity water mass (LSW)(<38.3 psu) were observed two times dur-
ing the cruise, unfortunately in coincidence with wind events. Variable possible effects
were noted. A microalgae of the genus Scripsiella sp., a form characteristic of coastal
rather than open waters, was found at the TSS coinciding with LSW (Lasternas et al.,
2008). Among the phytoplankton as whole, the pigment signatures were only slightly
affected (Marty et al., 2008). Similarly, among the tintinnids of the ciliate microzoo-
plankton, no effect was noted (Dolan et al., 2008). However, the zooplankton commu-
nity composition may have shifted based on relative abundances of different species
of large copepods (Raybaud et al., 2008a, b). LSW was associated with an increase
in total bacterial abundance and production (Mevel et al., 2008). None the less, Marty
et al. (2008) concluded that LSW intrustions were probably minor influence on carbon
fluxes and the main variability was probably associated more closely with the effects of
wind-driven mixing (Marty et al., 2008).

10 Conclusion

The studies described in this special issue of Biogeosciences each describe separately

the variability encountered in a system which viewed from a distance, for example satel-

lite images, appears invariant. Very distinct time-course changes were documented
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with regard to the composition of the phytoplankton (Marty et al., 2008; Lasternas et
al., 2008), microzooplankton (Dolan et al., 2008), zooplankton (Raybaud et al., 2008a)
and dissolved organic matter (Goutx et al., 2008). Changes in the diversity of com-
munities of organisms from different trophic levels varied independently (Raybaud et
al., 2008b). Interestingly the least variability was found among the bacterioplankton.
In terms of community composition, depth rather than time distinguished bacterial as-
semblages (Ghiglione et al., 2008).

The wealth of data acquired was destined to be incorporated into a model of the
pelagic ecosystem. Tragically, Valerie Andersen, the architect of the cruise program
and ecosystem model, passed away before she could accomplish the task she had
set for herself of distilling a synthetic view, evaluating the importance of the different
carbon pumps. This special issue is dedicated to her memory.

Acknowledgements. This work is part of the PECHE project. Financial support was provided
by the INSU of the CNRS through the PROOF and CYBER-LEFE programs (JGOFS-France).
Additional support was provided by the ANR-Biodiversity program and the Pdle-Mer PACA
through the AQUAPARADOX project. All colleagues from the PECHE team are warmly
acknowledged for the work done on board and within the project. A special thanks to the crew
of the Thalassa for their efficient aid during the cruise and to Marie-Paule Torre who managed
the PECHE project web site and data collection.

% wiwanc — JNJSEJ The publication of this article is financed by CNRS-INSU.

References
Andersen, V. and Prieur, L.: One-month study in the open NW Mediterranean Sea (DYNAPROC

experiment, May 1995): Overview of hydrobiogeochemical structures and effects of wind
events, Deep-Sea Res. Pt. |, 47, 397-422, 2000.

5244

BGD
5, 5233-5251, 2008

Short-scale temporal
variability in the
Mediterranean

V. Andersen et al.

Title Page
Abstract Introduction

Conclusions References

Tables Figures
1< >l
< >
Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion


http://www.biogeosciences-discuss.net
http://www.biogeosciences-discuss.net/5/5233/2008/bgd-5-5233-2008-print.pdf
http://www.biogeosciences-discuss.net/5/5233/2008/bgd-5-5233-2008-discussion.html
http://creativecommons.org/licenses/by/3.0/

10

15

20

25

30

Andersen, V., Nival, P., Caparroy, P, and Gubanova, A.: Zooplankton community during the
transition from spring bloom to oligotrophy in the open NW Mediterranean and effects of wind
events. 1 — Abundance and specific composition, J. Plankton Res., 23, 227-242, 2001a.

Andersen, V., Gubanova, A., Nival, P, and Ruellet, T.: Zooplankton community during the
transition from spring bloom to oligotrophy in the open NW Mediterranean and effects of
wind events. 2 — Vertical distributionsand migrations, J. Plankton Res., 23, 243-261, 2001b.

Angel, M. V.: Does mesopelagic biology affect the vertical flux?, in: Productivity of the Ocean:
Present and Past, edited by: Berger, W. H., Smetacek, V. S., and Wefer, G., John Wiley &
Sons Limited, pp. 155—-173, San Francisco, USA, 1989.

Banse, K.: Grazing and zooplankton production as key controls of phytoplankton production in
the open ocean, Oceanography, 7, 13—20, 1994.

Banse, K.: Zooplankton: Pivotal role in the control of ocean production, ICES J. Mar. Sci., 52,
265277, 1995.

Bourguet, N., Goutx, M., Ghiglione, J. F., Pujo-Pay, M., Mével, G., Momzikoff, A., Mousseau, L.
Guigue, C., Garcia, N., Raimbault, P., Pete, R., Oriol, L., and Lefevre, D.: Lipid biomark-
ers and bacterial lipase activities as indicators of organic matter and bacterial dynamics in
contrasted regimes at the Dyfamed site, NW Mediterranean DSR I, in press, 2008.

Christaki, U. and Van Wambeke, F.: Simulated bloom input in top-down manipulated micro-
cosms: comparative effect of zooflagellates, ciliates and copepods, Aquat. Microb. Ecol., 9,
137-147, 1995.

Christaki, U., Van Wambeke, F., Christou, E. D., Conan, P., and Gaudy, R.: Food web structure
variability in the surface layer, at a fixed station influenced by the North Western Mediter-
ranean Current, Hydrobiologia, 321, 145-153, 1996.

Christaki, U., Gaudy, R., and Karabrum, P.: A study of the effects of migratory zooplankton on
microbial populations in surface waters of the N. W. Mediterranean, J. Exp. Mar. Biol. Ecol.,
225, 173-183, 1998.

Copin-Montégut, C.: Consumption and production on scales of a few days of inorganic carbon,
nitrate and oxygen by the planktonic community. Results of continuous measurements at the
Dyfamed Station in the northwestern Mediterranean Sea (May 1995), Deep-Sea Res. Pt. |,
47, 447-477, 2000.

Dolan, J. R., Ritchie, M. R., Tunin-Ley, A., and Pizay, M. D: Dynamics of core and occasional
species in the marine plankton: tintinnid ciliates in the north-west Mediterranean Sea, J. Bio-
geogr., in press, 2009.

5245

BGD
5, 5233-5251, 2008

Short-scale temporal
variability in the
Mediterranean

V. Andersen et al.

Title Page
Abstract Introduction
Conclusions References
Tables Figures
1< >l
< >
Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion


http://www.biogeosciences-discuss.net
http://www.biogeosciences-discuss.net/5/5233/2008/bgd-5-5233-2008-print.pdf
http://www.biogeosciences-discuss.net/5/5233/2008/bgd-5-5233-2008-discussion.html
http://creativecommons.org/licenses/by/3.0/

10

15

20

25

30

Fortier, L., Le Fevre, J., and Legendre, L.: Export of biogenic carbon to fish and to the deep
ocean: the role of large planktonic microphages, J. Plankton Res., 16, 809—839, 1994.

Frost, B. W. and Franzen, N. C.: Grazing and iron limitation in the control of phytoplankton stock
and nutrient concentration: a chemostat analogue of the Pacific equatorial upwelling zone,
Mar. Ecol.-Prog. Ser., 83, 291-303, 1992.

Garcia, N., Raimbault, P., Gouze, E., and Sandroni, V.: Fixation de diazote et production pri-
maire en Méditerranée occidentale. Nitrogen fixation and primary production in Western
Mediterranean, C. R. Biol., 329, 742—-750, 2006.

Ghiglione, J. F, Mevel, G., Pujo-Pay, M., Mousseau, L., Lebaron, P.,, and Goutx, M.: Diel and
seasonal variations in abundance, activity, and community Structure of particle-attached and
free-living bacteria in NW Mediterranean Sea, Microb. Ecol., 54, 217-231, 2007.

Ghiglione, J. F., Palacios, C., Marty, J. C., Mével, G., Labrune, C., Conan, P, Pujo-Pay, M.,
Garcia, N., and Goutx, M.: Role of environmental factors for the vertical distribution (0—
1000 m) of marine bacterial communities in the NW Mediterranean Sea, Biogeosciences, 5,
1751-1764, 2008,
http://www.biogeosciences.net/5/1751/2008/.

Goutx, M., Guigue, C., Aritio, D., Ghiglione, J. F., and Andersen, V.: Short term variability of
dissolved lipid classes during summer to autumn transition in the Ligurian Sea (NW Mediter-
ranean), Biogeosciences Discuss., in press, 2008.

Goutx, M., Momzikoff, A., Striby, L., Andersen, V., Marty, J.-C., and Vescovali, I|.: High fre-
quency fluxes of labile compounds in the central Ligurian Sea, northwestern Mediterranean,
Deep-Sea Res. Pt. |, 47, 533-556, 2000.

Lasternas, S., Tunin-Ley, A., Ibanez, F., Andersen, V., Pizay, M. D., and Lemée, R.: Dynamics of
microphytoplankton abundance and diversity in NW Mediterranean Sea during late summer
conditions (DYNAPROC 2 cruise: September—October 2004), Biogeosciences Discuss., in
press, 2008.

Longhurst, A. R.: Role of the marine biosphere in the global carbon cycle, Limnol. Oceanogr.,
36, 1057-1526, 1991.

Marine Zooplankton Colloquium 2.: Future marine zooplankton research — a perspective, Mar.
Ecol. Prog. Ser., 222, 297-308, 2001.

Marty, J. C.: The DYFAMED time-series program (French-JGOFS), Deep-Sea Res Pt. Il, 49,
1963-1964, 2002.

Marty, J. C., Chiavérini, J., Pizay, M. D., and Avril, B.: Seasonal and interannual dynamics of

5246

BGD
5, 5233-5251, 2008

Short-scale temporal
variability in the
Mediterranean

V. Andersen et al.

Title Page
Abstract Introduction
Conclusions References
Tables Figures
1< >l
< >
Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion


http://www.biogeosciences-discuss.net
http://www.biogeosciences-discuss.net/5/5233/2008/bgd-5-5233-2008-print.pdf
http://www.biogeosciences-discuss.net/5/5233/2008/bgd-5-5233-2008-discussion.html
http://creativecommons.org/licenses/by/3.0/
http://www.biogeosciences.net/5/1751/2008/

10

15

20

25

30

nutrients and phytoplankton pigments in the Western Mediterranean Sea at the DYFAMED
time-series station (1991-1999), Deep-Sea Res. P1. Il, 49, 1965-1986, 2002.

Marty, J. C., Garcia, N., and Raimbault, P.: Phytoplankton dynamics and primary production
under late summer conditions in the NW Mediterranean Sea, Deep-Sea Res. Pt. I, 55, 1131—
1149, 2008.

Marty, J. C. Goutx, M., Guigue, C., Leblond, N., and Raimbault, P.: Short-term particulate
fluxes measured by drifting sediment traps during end summer oligotrophic regime in the
NW Mediterranean Sea, Biogeosciences Discuss., in press, 2008.

Mével, G., Vernet, M., Goutx, M., and Ghiglione, J. F.: Seasonal to hour variation scales in
abundance and production of total and particle-attached bacteria in the open NW Mediter-
ranean Sea (0—1000 m), Biogeosciences, 5, 1573-1586, 2008,
http://www.biogeosciences.net/5/1573/2008/.

Pérez, M. T., Dolan, J. R., Vidussi, F., and Fukai, E.: Diel vertical distribution of planktonic
ciliates within the surface layer of the NW Mediterranean (May 1995), Deep-Sea Res. Pt. |,
47, 479-503, 2000.

Raybaud, V., Nival, P., Mousseau, L., Gubanova, A., Altukhov, D., Khvorov, S., Ibanez, F,, and
Andersen, V.: Short term changes in zooplankton community during the summer-autumn
transition in the open NW Mediterranean Sea: species composition, abundance and diver-
sity, Biogeosciences, 5, 1765-1782, 2008a,
http://www.biogeosciences.net/5/1765/2008/.

Raybaud, V., Tunin-Ley, A., Ritchie, M. E., and Dolan, J. R.: Similar patterns of community
organization characterize distinct groups of different trophic levels in the plankton of the NW
Mediterranean Sea, Biogeosciences Discuss., 5, 4897—-4917, 2008b,
http://www.biogeosciences-discuss.net/5/4897/2008/.

Steele, J. H. and Henderson, E. W.: The role of predation in plankton models, J. Plankton Res.,
14, 157-172, 1992.

Stemmann, L., Picheral, M., and Gorsky, G.: Diel changes in the vertical distribution of sus-
pended particulate matter in the NW Mediterranean Sea investigated with the Underwater
Video Profiler, Deep-Sea Res. Pt. |, 47, 505-531, 2002.

Van Wambeke, F., Christaki, U., and Gaudy, R.: Carbon fluxes from the microbial food web to
mesozooplankton. An approach in the surface layer of a pelagic area (NW Mediterranean
Sea, Oceanol. Acta, 19, 57—66, 1996.

Van Wambeke, F., Goutx, M., Striby, L., Sempéré, R., and Vidussi, F. B.: Bacterial dynamics

5247

BGD
5, 5233-5251, 2008

Short-scale temporal
variability in the
Mediterranean

V. Andersen et al.

Title Page
Abstract Introduction
Conclusions References
Tables Figures
1< >l
< >
Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion


http://www.biogeosciences-discuss.net
http://www.biogeosciences-discuss.net/5/5233/2008/bgd-5-5233-2008-print.pdf
http://www.biogeosciences-discuss.net/5/5233/2008/bgd-5-5233-2008-discussion.html
http://creativecommons.org/licenses/by/3.0/
http://www.biogeosciences.net/5/1573/2008/
http://www.biogeosciences.net/5/1765/2008/
http://www.biogeosciences-discuss.net/5/4897/2008/

during the transition from spring bloom to oligotrophy in the northwestern Mediterranean

Sea: relationships with particulate detritus and dissolved organic matter, Mar. Ecol. Prog. BGD
Ser., 212, 89-105, 2001.
Verity, P. G. and Smetacek, V.: Organism life cycles, predation, and the structure of marine 5, 5233-5251, 2008

pelagic ecosystems, Mar. Ecol. Prog. Ser., 130, 277-293, 1996.

Vidussi, F., Marty, J.-C., and Chiavérini, J.: Phytoplankton pigment variations during the tran-
sition from spring bloom to oligotrophy in the Mediterranean Sea, Deep-Sea Res. Pt. |, 47, Short-scale temporal
423-445, 2000. variability in the

Mediterranean

V. Andersen et al.

it

(8)
@

o
2

5248


http://www.biogeosciences-discuss.net
http://www.biogeosciences-discuss.net/5/5233/2008/bgd-5-5233-2008-print.pdf
http://www.biogeosciences-discuss.net/5/5233/2008/bgd-5-5233-2008-discussion.html
http://creativecommons.org/licenses/by/3.0/

}Recipro‘phﬁ
~Rotary Pump: . | Vertical Mi
| Microbialloaps - y | |

Fig. 1. Schematic representation of the carbon pumps or pathways following Longhurst (1991).
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Fig. 2. Location of the time series station (TSS) occupied during the DYNAPROC 2 cruise and
the grid of survey stations sampled for hydrological data.
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Fig. 3. Time series of meteorological and hydrological data during the DYNAPROC 2 cruise.
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