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Abstract 1 

We used a new experimental device called PASS (PArticle Sinking Simulator) during 2 

MedFlux to simulate changes in in situ hydrostatic pressure that particles experience sinking 3 

from mesopelagic to bathypelagic depths.  Particles, largely fecal pellets, were collected at 4 

200 m using a settling velocity NetTrap (SV NetTrap) in Ligurian Sea in April 2006 and 5 

incubated in high-pressure bottles (HPBs) of the PASS system under both atmospheric and 6 

continuously increasing pressure conditions, simulating the pressure change experienced at a 7 

sinking rate of 200 m d-1.  Chemical changes over time were evaluated by measuring 8 

particulate organic carbon (POC), carbohydrates, transparent exopolymer particles (TEP), 9 

amino acids, lipids, and chloropigments, as well as dissolved organic carbon (DOC) and 10 

dissolved carbohydrates.  Microbial changes were evaluated microscopically, using DAPI 11 

stain for total cell counts and catalyzed reporter deposition – fluorescence in situ 12 

hybridization (CARD-FISH) for phylogenetic distinctions.  Concentrations (normalized to 13 

POC) of particulate chloropigments, carbohydrates and TEP decreased under both sets of 14 

incubation conditions, although less under the increasing pressure regime than under 15 

atmospheric conditions.  By contrast, dissolved carbohydrates (normalized to DOC) were 16 

higher after incubation and significantly higher under atmospheric conditions, suggesting they 17 

were produced at the expense of the particulate fraction.  POC-normalized particulate 18 

wax/steryl esters increased only under pressure, suggesting biochemical responses of 19 

prokaryotes to the increasing pressure regime.  The prokaryotic community initially consisted 20 

of 43% Bacteria, 12% Crenarchaea and 11% Euryarchaea.  After incubation, Bacteria 21 

dominated (~90 %) the prokaryote community in all cases, with γ-Proteobacteria comprising 22 

the greatest fraction, followed by the Cytophaga-Flavobacter cluster and α-Proteobacteria 23 

group.  Using the PASS system, we obtained chemical and microbial evidence that 24 

Tamburini et al.



3 
 

degradation by prokaryotes associated with fecal pellets sinking through mesopelagic waters 1 

is limited by the increasing pressure they experience. 2 
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1.  Introduction 1 

Sinking particulate organic matter (POM) is the major conduit for the export of carbon 2 

and energy from the sea surface to the deep ocean.  Relatively little is known about the 3 

microbiological factors that determine the composition of POM as it sinks through 4 

mesopelagic and bathypelagic waters (Hedges et al., 2000; Wakeham et al., 1997), but 5 

prokaryotes attached to particles must play an important biogeochemical role in oceanic 6 

carbon flux by dissolving and remineralizing sinking particulate organic matter (POM) (Cho 7 

and Azam, 1988; Turley and Mackie, 1994; Turley and Mackie, 1995).  Senescence and death 8 

of phytoplankton cells cause them to aggregate and sink faster through the water column 9 

(Alldredge et al., 1995), and these aggregates are colonized by prokaryotes (Simon et al., 10 

2002) that are adapted to low hydrostatic pressure.  Yet, as particles sink, the associated 11 

prokaryotes are subjected to increasing pressure, the rate of which depends on the settling 12 

velocity of the aggregates. 13 

The role of pressure on particle dissolution and preservation is poorly known.  In spite of 14 

numerous studies showing that incubation of deep-sea samples at atmospheric pressure may 15 

lead to underestimates of prokaryotic activity rates (see reviews of Deming, 2001, and 16 

Tamburini, 2006), degradation rates of sinking particles are usually measured under 17 

atmospheric pressure (Bidle and Azam, 1999, 2001; Bidle et al., 2002; Goutx et al., 2007; 18 

Panagiotopoulos et al., 2002; Sempéré et al., 2000).  As a consequence, current 19 

biogeochemical models do not take into account the possible effects of hydrostatic pressure 20 

on decomposition during sinking.  For example, modeling of the silica cycle is based on the 21 

assumption that biogenic silica dissolution is controlled by temperature, zooplankton grazing 22 

and diatom aggregation rate (Dugdale and Wilkerson, 1998; Nelson et al., 1995; Tréguer et 23 

al., 1989) and implicitly assumes that pressure has no effect. 24 
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