CIESM SUB 1 Technical Research Information

Rational   
The zone targeted for study – the northern Channel of Sicily and its extension in the south Tyrrhenian Sea (see map) – is poorly known in terms of geomorphology.  It is important as it marks the transition between the north-African chains and the Alps-Apennines (Bouillin et al., 1998; 1999; Mascle et al.  2001a-b; 2004a-b). It is also a key area to study the complex dynamics of water exchanges and biological fluxes between the eastern and western Mediterranean sub-basins.  The proposed campaign, with leading experts drawn from various disciplines, would provide a major opportunity: 
(a) To complete the high resolution deep-sea mapping of the western basin; 
(b) To test ongoing hypotheses about the cause of the hydrological transition observed  in the deep and intermediate water masses of the Tyrrhenian;
(c) To investigate meta-biodiversity changes and trends in certain compartments of the food-webs from prokaryotes to macrofauna 
A number of studies have documented recent increases in salinity and temperature in the deep Tyrrhenian Sea, with growing suggestions (Astraldi et al., 2002; Fuda et al., 2001; Gasparini et al., 2005) that this evolution is linked to the Eastern Mediterranean Climatic Transient (CIESM, 2000) and to the resulting recent intrusion of dense waters from the eastern sub-basin, via a series of cascading effects through the Sicily Channel. This certainly warrants focused investigations.
Throughout the past century, the Sicily Channel has marked an interesting biogeographic boundary: the ultimate limit for the extension of exotic species of Indo-Pacific origin spreading via the Suez Canal across the eastern basin (CIESM Atlases, 2002-2004). Now the documented warming and salting of the deep and intermediate Tyrrhenian, through mixing with eastern waters, makes it likely that related biogeographic changes are starting to take place.  If this is the case, it will be reflected in the deep-sea meio-fauna, and certain zooplankton taxa of the intermediate waters, acting as early bio-indicators. Moreover, this region is characterised by several seamounts that would represent an optimal subject of study to identify hot spots of deep-sea biodiversity with emphasis on microbial species. Targeted sampling activities (including bacteriological high-pressure sampling for deep sea samples) will also reveal to which degree such populations are geographically distinct.  In addition they will yield useful information on a possible relation between detected biogeochemical changes and shifts in nekton populations (see Andaloro, 1998).
Objectives       
The overall aim of the CIESM-SUB campaign will be to define the main diversity patterns of an understudied zone of the Mediterranean Sea, namely the Southern Tyrrhenian area up to the Sardinia Channel that represents a key area for investigating the effects of large-scale atmospheric systems on the western Mediterranean basin. The collected data will perfectly complement the ones available for the adjacent Mediterranean areas that have been obtained from previous multidisciplinary programmes (e.g. MTPII-MATER). A morphostructural investigation of the Sardinia-Sicily channel, a key area which results from the superposition, and interactions, of at least three successive tectonic regimes, namely (a) the southern and south-eastern Sardinia margin, (b) a relatively deep SW-NE trending trough known as the Teulada valley and (c) the Tunisian platform, will be integrated. Those data will fill a documented gap of knowledge (Mascle et al. 2004) that clearly appears on the IFREMER-CIESM co-produced synthetic multibeam map of the Western Mediterranean Sea.

The biodiversity patterns, in relation to the physico-chemical data and the hydrodynamics, will be studied during two successive cruises that will take place in summer and winter, coinciding with stratified and mixed water conditions, respectively. This will allow further analysis of the growing similarity between Levantine (“sub-tropical”) and sub-Tyrrhenian seasonal cycles, both characterized by an absence of phytoplankton blooms typical of the winter season (from November to April). The seasonal sampling will also provide new information about specific ecological patterns (e.g. the regeneration capacity of the ecosystem by studying the extent of the zooplankton population renewal). The work will bring into new sights related to the way major factors/processes such as gradients of productivity, oxygen availability, sediment heterogeneity, grain size, mineralogical composition and hydrodynamic forcing as well as past and present disturbance events control biodiversity production and accumulation at a representative mid spatial scale.

Research design and Methodology      
Working on deep-sea biodiversity at all scales of biological organization from prokaryotes to macro-megafauna is almost unique in the world, and certainly the first for the Mediterranean.
High-definition maps of continental slope, topography, and seafloor sediment type will be produced during the planned cruise in order to implement the existing ones that cover regions nearby.  This will allow identifying peculiar areas within the slopes (e.g., instability zones) and potential hot spots of biodiversity for future cruises with the same aim. Comparisons with the only available data from the same area (a nearby transect on the eastern side of the planned one; Bruno Scotto di Carlo, 1975) are foreseen, that could bring to interesting hypotheses concerning the ecosystem changes. According to the shift of hydrological gradients that has been registered during the last decade, a specific area has been selected for biological sampling (Figure 1). Whether possible, additional sampling stations will be identified according to the bottom bathymetric details. For such an aim, a pre-survey shell be performed in order to identify the location of additional sampling stations. The geographic distribution of prokaryotic and eukaryotic (from forams to megafauna) species, as well as the dynamics characterizing the trophic structure will be investigated by means of the following methodologies:
1)   Nutrients (NO3, NO2, NH4 e PO4), DOC/DON will be measured by classical methods. Phytopigments, biochemical composition, water content, and porosity of sediments will be also analysed. 
2)   The phytoplankton biomass and activity of the micro-, nano- and pico-plankton size-fractions will be assessed by means of clorophylla fluorescence and carbon assimilation capacity measurements. Sampling depths will be obtained according to the CTD downcast profiles using induced and natural fluorescence profiling. 
For microbiological investigations: sampling on deep sea water column layers will be made both by Niskin bottles and by a special Pressure retainer sampler (HPSS) that will allow comparative studies for testing the level of adaptation of bacterial populations to the deep sea conditions (by means of testing their sensitivity to pressure changes). Molecular fingerprinting of bacterial communities, as well as the expression of targeted functional genes together with bacterial metabolic rates and secondary production in both

3)  Pressurized and decompressed conditions have been foreseen. Additional investigations will be carried out on bacterial biodiversity in deep-sea sediments by means of TRFLP/ARISA molecular techniques.  Secondary production rates and bacterial metabolic rates (respiration and ectoenzymatic activities) will be measured in both decompressed and pressurized conditions.
4)   Double opening closing nets will be used for mesozooplankton collection above and below the thermocline, and a double bongo nets for micronekton sampling. One net content will be studied for the biodiversity estimation using the ZOOSCAN technology (Grosjean et al. 2004) coupled with traditional experts’ work. The content of the second net will be used for genetic bar coding of different Mediterranean zooplankton and micronekton taxa.
5)   Targeted measurements on DCM will be carried out in order to compare growth and grazing rates.
6)   For benthos sampling: smaller metazoan fauna will be obtained by multicorer Macrobenthos will be sampled using box corers, while larger benthic organisms will be investigated by means of Agassiz trawls or equivalent if available. 
7)   Biological data will be elaborated in an integrated manner for the overall study of the area with emphasis on the utilisation rates dynamics across the transient. 
8)   Classical hydrographic measurements will complement the study and help in better positioning the sampling depths for vertical surveys. For this task physical measurements (CTD and on board ADCP) will be collected over all the water column during the oceanographic cruises, a possible sampling strategy is reported in figure X. Classical CTD measurements will be (if available at the time of the first cruise) integrated with a new LADCP (Lowered ADCP) system in order to measure the vertical shear of the three dimensional current field and, particularly, in the deep and bottom layers.
9)   For morphostructural investigations: a full bathymetric coverage (multibeam) and if possible accompanying geophysical measurements (Gravity, magnetism, 3.5Hhz, high speed sparker profiling) will permit detailed mapping of active tectonic features and hence to better understand the structural relationships between the Tyrrhenian sea inherited features, the Sicily strait active lineaments and the imprints of the submerged alpine chains in the area. The targeted area, for which data are still poor. (CIESM SUB 2 Cruise)

