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As part of the DYFAMED program (DYnamique des Flux en MEDiterranee) the downward
flux of particles, carbon and other elements has been studied in the open northwestern Mediterranean
Sea since 1987. Also, during the last few years biological (primary) production using the in-situ 14C
incubation method has been measured and the vertical distribution of large particulate material and
aggregates in the water column assessed by an underwater video profiler in order to relate
sedimentation to surface production. The primary objective of the experiment is the observation and
prediction of biogeochemical cycles of particles and associated compounds through long-term study
in the central Ligurian Sea, where biological productivity ranges from oligotrophic to mesotrophic.
Since these characteristics are observed over large areas of the ocean, the DYFAMED site can be
considered as a model area. Particle flux is especially important in controlling the vertical transport
and cycling of contaminants such as particle reactive radionuclides, metals and organochlorine
compounds [1].

The measured particulate and carbon fluxes displayed a marked seasonal pattern with mass
fluxes usually maximal during winter and carbon fluxes normally highest in late spring [2]. Carbon
fluxes in winter were also elevated but not as high as those measured during the spring. In general,
mass and carbon fluxes were lowest in late summer and autumn, with the organic carbon flux pattern
closely following that for total carbon. At 200 m depth, the mean particle flux measured during a 7
year period (1987-spring 1991 and mid 1993-1995) was 80 mg m" d'1 and ranged from a minimum of
5 in summer to a maximum of 335 mg m" d" in winter (Fig. 1). Carbon flux was relatively high with
a mean value of 14 mg m"2 d"1 (range, 2 to 68 mg m"2 d"1). About 80% of the sedimenting carbon was
of organic origin. The observed fluctuations over the year were considerable and varied by a factor of
up to 60. At 1000 m, mean mass fluxes were only 40 % of those at 200 m depth whereas organic
carbon fluxes represented 30% of those in surface waters. This difference results from a rapid
degradation of the sedimenting particles in the water column, with a preferential recycling of the
organic fraction resulting in a decrease of carbon content of the particles. Carbonate carbon
concentration did not change significantly with depth. On an annual basis, total mass and particulate
carbon flux leaving the surface layers were 30 and 5.1 g m" a" , respectively, of which 4.0 g m~ a"
was organic (POC) and 1.1 g m"2a"! consisted of carbonate carbon.

Primary production in surface waters was highest in late winter and early spring with the
development of diatom populations and in April with the bloom of flagellates (0.5 to 2.0 ug C m"2 d'
). Also, concentrations of particles and aggregates larger than 150 um in the water column were

highest from winter to late spring (60 to 90 particles I"1 at 50 m and 10 to 40 particles I"1 between 200
and 1000 m depth) and lowest in summer (<10 particles 1" in the entire water column). Thus,
measured particle fluxes co-varied with biological production and suspended particulate
concentrations in the water column. Examination of the organic compounds in the particles (n-
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alkanes, fatty acids) indicates that, at 200 m, the settling organic material in winter was characterized
by a high proportion of refractory (old) organic matter and a low content of more labile (fresh)
carbon. During the spring and summer period, fluxes contained undegraded phytoplankton and
zooplankton detrital material [3]. In the deeper trap samples, refractory organic matter was still
present, but the fresh input was very low and had evidently been consumed in the upper water
column. The implications for rapid transport of contaminants to depth in the region are discussed.
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F1G.1. Vertical flux of particles at 200 m depth at the DYFAMED site (43°25 N,
northwestern Mediterranean Sea) over a 4 years period.
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